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Source areas and landing mechanisms of early immigrant population of white-

backed planthoppers Sogatella furcifera (Horvath) in Shizong, Yunnan Province
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Abstract: From April to May, 1990—2012, the source areas of early immigration of white-backed planthoppers Sogatella
furcifera (Horvath) ( WBPH) were studied through the analysis on the daily light-trap catches, immigration trajectory
simulation and horizontal wind field. The following results were obtained: The high frequency of westerly wind carried the
large population of WBPH to Shizong in late April. The source areas were mainly located in northeastern Myanmar and the
secondary source areas were at northern Vietnam and Golden Triangle. Airborne WBPH populations were carried by a
strong, low-level, southwest jet-stream in May and the mass immigration of WBPH into Shizong during early and middle
May was found form northern Laos, northwestern Vietnam and Southwestern Yunnan, and some immigrants from
northeastern Myanmar. Most of the immigrants in late May were tracked to Southwestern Yunnan, and part of immigrants to
northwestern Vietnam, northern Laos and northeastern Myanmar. Based on the analysis on the meteorological background

and rainfall distribution, it was found that the extensive heavy rainfall in southeastern Yunnan during late April to May and
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low temperature shield of surrounding to flying WBPH and the wind shear associated with heavy precipitation were the key

factors to affect the concentrated landing of WBPH.

Key Words: Sogatella furcifera; early immigration; source area; migration simulation; landing mechanism
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Fig.3 The light-trap catches of WBPH from April to August
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Table 1 The frequency of wind direction and speed ( =5m/s) at 800hPa in Shizong from April to May, 2007—2012

T JA) 4 April 5 J1 May it T3/ %
Height Direction C B C Total Percentage
800hPa N 0 1 2 5 1.66

NE 7 12 12 10 41 13.62
E 9 3 5 3 20 6.64
SE 8 5 1 7 21 6.98
S 5 15 11 12 43 14.29
SW 19 36 22 17 94 31.23
W 32 18 14 13 77 25.58
NW 0 0 0 0 0 0

2.2 AT AR o HT

FFIT R AR DX QLAY H R b e a2 2800 A X
X2k 3 AN IR, IS IR R T A A
JEHE(23.5°N) S 7 A 0 43 A 1 L — 2K HUUR
24 R 39 A/INDX, A 53] SRy 7 AU IR X P R XL

X 1990—2012 4 45 NiE A g H A8 REUR
VR b (R IR A AT 25 R 3, 4—5 A S (135 KL
I S TR oy A ok U | s N o i R
(D& T T O 52 R (O BT 01 O 1
(LSRR =N o ) B AT T 7 O o
&2 AL, P R KLU DX P8 SO 1569 A, R
75 B 50.40% 5 75 XAV XA 731 A4S, SRRy

23.48% ; 7 KB 75 B XUHLIR X 813 4™, i 26. 12%
39 A/NXH DL 24 XX (AR g AL 7)) B3
Bz, 518 4, b ST S AU 16.64% , HK R 18
DX (L) AT 23 X (AR R S e P LR ) | 7 AR
G3h 467 ASF 477 A, B i LL 43 R 15.009% F
15.32%,

X 4—5 A4 A1 HIE T £ 4 A TAEH
T Y Hl 2 5y A A 4 ) 2R G B R bR &
g % H =S BAb S H A A A i vE AL
W A AR AR ARV RS 5 5 H ) B A TR R
PEACER LA Rk 2 = g AL 5 A R ) B A
TEL VY R AR e P AL

®2 R4—5 AHEAEE CERBERIREBESH

Table 2 The distribution of frequency and percentage of source area of WBPH from April to May in Shizong

0] I8 7% 15 704 The distribution of endpoints of backward trajectories for each period

X 35

Regions ( See fig. 4A) 4 H T4 5 AL 5 HHf SATH 4 A FA—5 A A
F P/ % F P/ % F P/ % F P/ % F P/ %
1 2 0.65 0 0 0 0 0 0 2 0.06
2 3 0.97 0 0 0 0 0 0 3 0.10
3 3 0.97 0 0 0 0 0 0 3 0.10
4 3 0.97 0 0 0 0 0 0 3 0.10
5 6 1.95 7 0.85 0 0 0 0 13 0.42
6 23 7.47 28 3.39 9 1.14 17 1.43 71 2.48
7 38 12.34 37 4.47 15 1.91 27 2.27 117 3.76
8 34 11.04 36 4.35 14 1.78 32 2.68 116 3.73
9 2 0.65 0 0 0 0 0 0 2 0.06
10 2 0.65 0 0 0 0 0 0 2 0.06
11 1 0.33 0 0 0 0 0 0 1 0.03
12 0 0 0 0 0 0 0 0 0 0
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X b K] [PIHEN I V5 5 434 The distribution of endpoints of backward trajectories for each period
Regions( Se; fig, 4A) 4 HFA 5H 1A 5 Hha) 5 H A 4 A NE—5 R4
F P/% F P/% F P/% F P/ % F P/ %
13 0 0 0 0 3 0.38 0 0 3 0.10
14 2 0.65 0 0 9 1.14 0 0 11 0.35
15 24 7.79 8 0.97 6 0.76 34 2.85 72 2.31
16 29 9.42 34 4.11 12 1.53 76 6.38 151 4.85
17 — — 42 5.08 11 1.40 102 8.56 155 4.98
18 — — 125 15.11 70 8.91 272 22.82 467 15.00
19 5 1.62 0 0 3 0.38 0 0 8 0.26
20 0 0 2 0.24 12 1.53 16 1.34 30 0.96
21 2 0.65 12 1.45 13 1.65 51 4.28 78 2.51
22 11 3.57 39 4.72 61 7.76 79 6.63 190 6.10
23 18 5.84 167 20.19 156 19.85 136 11.41 477 15.32
24 24 7.79 173 20.92 155 19.72 166 13.93 518 16.64
25 0 0 12 1.45 38 4.83 30 2.52 80 2.57
26 0 0 0 0 0 0 1 0.08 1 0.03
27 0 0 0 0 0 0 3 0.25 3 0.10
28 2 0.65 0 0 8 1.02 0 0 10 0.32
29 21 6.82 6 0.73 47 5.98 15 1.26 89 2.86
30 5 1.62 52 6.29 63 8.02 32 2.68 152 4.88
31 29 9.42 13 1.57 42 5.34 69 5.79 153 4.91
32 11 3.57 0 0 0 0 11 0.92 22 0.71
33 0 0 0 0 0.38 6 0.50 9 0.29
34 0 0 0 0 19 2.42 1 0.08 20 0.64
35 0 0 15 1.81 16 2.04 1 0.08 32 1.03
36 6 1.95 5 0.61 1 0.13 15 1.26 27 0.87
37 2 0.65 0 0 0 0 0 0 2 0.06
38 0 0 3 0.36 0 0 0 0 3 0.10
39 0 0 11 1.33 0 0 0 0 11 0.35
BTt Total 308 100.00 827 100.00 786 100.00 1192 100.00 3113 100.00
F SR, P R
2.3 FEHHLE WP 5,27 R G A ¢, 3 IS
231 JiREE REE T AR LS TG BEA G, 35 SRR G A 2 IR S TR L

XF2007—2012 4 45 SFAEEHAS KE KA, AT, Bk XCEI2S FV<0i 28 E 4 sh 2 0
FETEDLRIEAT T (3 3) , o g 21 IR HUIE Y SR A CEE R RRIEREZE N T,

£3 4S5 AMMERAECAIETANEANZMEENSKEF
Table 3 The meteorological factors in the major immigration peaks of WBPH in Shizong from April to May

[%7% A7 Landing factor

k&
ek i UL TR 103 L ek
Wind shear Downdraft Vertical perturbation  Low temperature barrier Precipitation

2007-05-11 + + +
2007-05-17 + + +
2008-05-16 + + +
2008-05-17 +
2008-05-18 + + + +
2008-05-21 +

2008-05-22 +
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W1 [%7% AT Landing factor

Pesk period S5 FUA T 143 (R K
Wind shear Downdraft Vertical perturbation ~ Low temperature barrier Precipitation

2008-05-23 + + +
2008-05-24 .
2008-05-25 + .
2008-05-26 +
2008-05-27 + +
2008-05-28 .
2009-04-27 + . .
2009-04-30 +
2009-05-06 +
2009-05-07 +
2009-05-08 +
2009-05-11 +
2009-05-24 . .
2009-05-25 + .
2009-05-26 + .
2009-05-27 +
2010-04-21 + . .
2010-05-09 + . .
2010-05- 14 + . .
2010-05-26 N
2010-05-27 .
2012-04-30 + +
2012-05-04 + . .
2012-05-05 + + +
2012-05-06 .
2012-05-07 +
2012-05-08 .
2012-05-09 + + +
2012-05-10 + )
2012-05-11 + N
2012-05-12 + N
2012-05-13 + N
2012-05-14 + + .
2012-05-15 +
2012-05-16 + + .
2012-05-17 + .
2012-05-21 + .
2012-05-22 + + .

TG AR P RETE IS B T + The factor bringing out immigration peaks of WBPH

2.32  JLKITE ARG AT PG B Y8 2 Tl A 3
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FHIX , 2010 455 A 26 H A RIERGE B Bk FaSIFREAEARE (K 4),5 H 27 H 02:00, s M4
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F4 4S5 PARFEIRZEEBAET CERBLA
Table 4 The WBPH and rice growth stage in southeast Asia and southern Yunnan from April to May
H i e s dhe J %Epi KA
Date Region Location Lon. Lat. 100 hills Rice growth stage
2011-05-05 i ) P 96.20 21.50 322 SrBEAR -SRI
2011-05-06 i ) o it 1L %R 96.13 21.64 310 S BEH AR I
2011-05-09 2 e v o L Pl 96.09 21.89 200 Ze RS
2011-05-09 Aifm rh AL i - LATE 95.69 22.53 992 Iy e
2011-05-07 A ZRIL A ARALHB 97.19 22.56 148 T
2008-04-24 AL R AL 106.67 20.98 410 73 BE)
2008-04-25 o rapl A T TV LAY 105.97 20.22 317 P
2008-04-28 oqeahl Al LA AR 106.28 21.42 635 73 BE)
2010-05- 16 forapl A g 106.62 21.82 7805 Sy B
2010-05-16 A E AL [ RaKap 35N 106.26 21.34 378 FrRE
2010-05-16 o qrapl A T A AESK 105.97 21.09 907 FERE
2010-05-17 A EE AL R A R 105.92 20.42 1280 FERE
2012-05-15 o qeapl A LA RO AT 106.59 21.66 2035 H - oy BRI
2012-05-15 A EE AL JLITAE AR 106.24 21.29 423 GRS S
2012-05-15 AL B[ 106.02 21.18 321 2R AR
2009-05-23 PR LB E K & 101.87 22.63 7455 SrEEI
2011-04-29 Eht RS H 102.87 19.49 190 FR, FAEN
32°N b_ . 32°N

28° 28

24° 24°

20° 200

160 =, N 16° .

95°  100° 105° 110° 115°E 95°  100° 105° 110° 115°E 95°  100° 105° 110° 115°E
20 20

4 2009—2010 FITREMIENIE R 800hPa FE EHIKERIE (m/s) (a,c) FAEEEEH (Pass) (b)
Fig.4 Horizontal wind field (m/s) (a,c) and Vertical velocity (Pa/s) (b) on 800hPa during some immigration peaks from 2009 to 2010
in Shizong, Yunnan
a; 2009-05-26, 14: 00 b: 2009-05-26, 20; 00 c: 2010-05-26, 20: 00; P[RS RIfiEE

http ; //www.ecologica.cn



15 4] KREE 45 M IoR T CECAT U AR ) H 5 A1 55 v pIL 4269

ENREN 1280 3k, HPL 4—5 WA T A
A E o 100 k55 A 21 HZR s R B b
I REH A E AU 85 Sk, FREH DL 1 HbIX 3
AR A A& AT CEVMNER &M, 7TIH,5 H
TR IEER | 2= FE PG R ER A ) AR R R O o 4
A T AU e R AV T B A Ay H U

3 Fit5itig

2005 4ELCK , mRA HE CEEZIREAKEHE, 4
i AR E A A R T B R AR TR R
TREAGIIR B IG 2 TR ISR S, X T oM A H
T REUHU I N R T BR 4n Ak I 5T AR A5 5 i
i

A AR 5 AR, A, P4 e AR 4
fi] R EAE CEURINE A SR —uh, 34, AR
VAR | 4 ) B A A b X R A S R
i H, o Ze s KRR G 2 14, 88 CElRY 7 32w
KK, 2006 4, 4 ] J6 5B ) 25 S AR 48 7K Fg F ke
AR F] 7.33 5 hm? (110 JTE) , ZHALER X7 B
BRI 107 hm® (15 TR A1 1.667 J1
hm*(25 JidT) . BEEKZEAIN TR A & R, &5 40
i) 55 [ R ALER— S b X AT 7R REAE 19 4 H 4E R, LA
FAKREAEBR 1A, A XA T Rg
HURERBRY AR 5 A R A g R A AR L
BBAKAFAL T 43 BEAR - R 8 20 T S 10 5 A LK
IKREALF S RE-ES I 1 = P g ERK RS A B A
A, T3 b X KRS T A AR AR, A — o SR B A 1
JR (% 4) . ZREE b X K FERRAE il B2 0 AR £k DL K 2%
ZAKRERHET, AT IR T R R A
MAALEZ i, K A S CEFM AR E A
FEDCER AL T R U, X R Aok R = R R X
T CEUATHAE A S R 2R

RTG53 0 LA s g O (VA ) 5T
(EARR ) # CEUECE M & B, 0 b 0 RO 50 1) s
T i B AT A Py Y 0L, DA A Wy i S8 S R S 1Y
1R HLIER F SR AL X2 P B S X T
VUSRS CEH) 4R HOUE A A58 & B, R A VL 32 2
HUER A 4 2R E AR AR AT B G, VR AR
P 05 S ) v A R 2T 9] = A X T

I 5% e A (i o 2 34 900 3600 X3, B8 P L 2 AR
SEINE N Y o= N A e [ o B A Y

o PR, = IS AT CEA I UL 2 ATk
PRI AR R AE RS i, 2012 4 4—5 H 34T
SRR 927380 Sk FUT L H AT IR R AE 5 7 kDU
AR R 5 IRZ 2 I E N T AR Y U
T, AWK, %S 4 A AR SR 320k A g
AL, S G i ORI 32 Bk A MR PE LR &
PACEANE DY R, 4 H N A), diie) AR LK A AL T 43
BER- BT, AT RE TR, AT |
BV BV XUZR A, B AR B ) U % B (AL iy 109 A
Ui, 5 H _Eha), B e AR A R I i /K R AL 14l
FE-FERE], 1 CEUUF IR KA, IR B AT Y
A dLE, B85 H FA) EVE R A CEJF
GRS B 4 ) 7R b S v e AR
3 MR, R 2E R U S A XA 2 LA A U,

FI7 R G A PO S8 4 2 8 b i XU
Wi, MR —E R A E e PR K i, 4%
SITERER U KU R A S IS 258
GErhia 7 CATRE IR T FE S ol I 8 TR AR T L
RAT AR S PR SR Hodr B AKCR
TR TR RS CEE PR I EHE R R P
T E ARG X 1977—1978 AR LY 67 YRR
REJLT AL B 15 R P i R B R AT
it R IR AR DU E R A EE R
METEIZHFE? ) RSN T 2003 45 7
H 10—11 HHBHAE CEGE AR, RIFARFEK
IR AT VR PRI B B RN Y AT
G T 2007—2012 4F 4—5 A Ifig B A CEA
45 WaE A AR, 25 R WA 35 Uk i 5 K A
K, A 2 WG S TR TR A O eAh, 7 27 IR
AR T AR B S, A 21 IRFEARLS
WYIAEA 56 0 3 R i AR IR e B i 3, I
b Ak i i VA KU, B K S R AR R R OK
1235.57mm, 4G F 5 H Ay, ASWF5E Frk By 52
A EARETA 47 S BAE 5 A0 AUA 5 A1
£ 4 A FA), A RGN LS N 2B R 2, v]
L 68 T 2 5 M U 5% 1 QU AR R 4 v A 5 1
B A, IS b FG A AR AL, B PE AL 1 AR e
BRR, M TR R IR AE B s B rh i T b
FaTH e R 5 A 2R LY S X R R B R B —
FEER

20 tH2g 70 .80 AR A CHL A | 55 Ll 4 & DA

http ; //www.ecologica.cn



4270 GO O 34 %

Ja H/‘J %iﬂjm?ﬂﬂ i’}]ﬁﬂﬁ‘ﬁ%ﬂ B@ﬁ%%ﬂ:fﬁ?ﬁg%% [ 9] Deng W X. A general survey on seasonal migrations of Nilaparvata
: - e . lugens (Stal) and Sogatella furcifera ( Horvath ) ( Homoptera:
9-11,34 74 — 8 8 P

BT R R B R A LB GG | . |

Delphacidae ) by means of airplane collections. Acta

TREAE (16.5°C) BT A —2 ) DS T 24.8° Phytophylacica Sinica, 1981, 8 (2) : 73-81.

> = YE 45 NElE 3 N 10] Riley J.R., Cheng X N, Zhang X X, Reynolds D.R., Xu G M,
N HEIE 4 F SRR, I R R LA 2 g (107 W R Chone XN, Zhang XX, R D8, o
_ ‘ . (6] Smith A.D., Cheng J Y, Bao A D, Zhai B P. The long-distance
*Hﬂﬁﬂi&ﬂ‘{ﬁ%:\ﬁ@ii\ E"JE% % 5 5 H EF‘ T/EU migration of Nilaparvata lugens in China: radar observations of
ﬁﬁﬁﬁﬁﬂ“% , {E& ﬁxﬂ-*ﬁ%ﬂ T K urﬁ‘]‘/}ﬁjgg R Ufﬁ mass return flight in the autumn. Ecological Entomology, 1991,
16 (4): 471-489.

=235 NS Wk — H H: > )

KEW:’:%@*&E 1800 lgoom’{—"}ﬁﬁq%g% [11] Riley J.R., Reynolds D R, Smith A D, Rosenberg L J, Cheng X

LRI TIR & (AR SO ST e i) B IR & N, Zhang X X, Xu G M, ChengJ Y, Bao A D, Zhai B P, Wang

%i‘lﬁﬂi*ﬁ'fﬁ ,Eizji‘j?’j_:‘ 1200m ZE/erlo X‘—J-Uﬂi%; 45 /l\i‘: H K. Observations on the autumn migration of Nilaparvata lugens

(Homoptera; Delphacidae) and other pests in East Central China.
e YN S
N [Il% H 850hPa ( *H é‘ ﬂ:@ﬂi 1500m) \SOOhPa( ;FH Bulletin of Entomological Research, 1994, 84 (3) . 389-402.
WMFEKR 2000m ) i 750hPa( MY TR 2500m) 3 [12] Lai Z L. Investigation on the overwintering and migration of
. N N N N Sogatella furcifera, in Guiyang. Acta Entomologica Sinica, 1982,
e B R B A G o A R B ACA 3 UK e L ad 7 25 (4 307-402,

Sfﬁﬁrﬂﬂ{ﬁﬁ 3‘%0 PN OL R , R AR n] S8 [13] Zhai B P, Zhang X X, Cheng X N. Parameterizing the migratory

= . 5 N behaviour of insects. I : Behavioural analysis. Acta Ecologica

i REE PR RBETE B 21 KRR Sinicn, 1997, 1 (1) 7-17 ! °

Sinica, s . 7-17.
S RIIAA G, RO G R PR [14] kadpste. sim )Rl 9 %2k 27 > ARRL 195 0
AN . - E& B TIRSY . . % S oy 1
IR RS B R M T FH T A6 G i 7 KBUTR K1 47 10RL ) ol
R ) . UZIL5HIC5 2 2 MBI EREI XD . HARIGHI £
i, W HE R R R AL T A5 S80I R AR s 2EE 1973, 17 (1) 10-18.
WER = B AR M TR Z RS K LA 4E EPF%?E.—[’E%@—~ [15]  Zhai B P. Computing the day length for programming insect
A N behavior. Entomological Knowledge, 2004, 41 (2) . 178-184.
el oA LR EEER=A Tl | A =R SY g ge, s
XE'EI/J w m ’/f—‘/\ w mE/J*ILﬂ?Jﬁ{T 7 EL ﬂ} }I:jLO [16] Feng C H, Zhai B P, Zhang X X, Tang J Y. Immigration of the
1991 outbreak populations of rice planthopper ( Nilaparvata lugens
pop p Pp P! &
References ; . . . .
and Sogatella fercifera ) into northern China. Acta Ecologica
L ) Sinica, 2002, 22 (8) . 1302-1314.

[1] Sfuenuﬁ(: Research Coiordmaledi Group ' fot' Planthoppers  of [17] Diao Y G, Yang H B, Qu Y F, Chen X, Fang C H, Wu Y,
SlCl’lufln, Yunan and Guizhou Provinces. Migration am.l occurrence Cheng X N, Zhang X X, Zhai B P. Analysis on population
of Yvhlle—backed planthopPers én.d brown planthoppers in Southwest fluctuation and properties of the white-backed planthopper in
China. Acta Phytophylacica Sinica, 1982, 9 (3): 179-186. Huizhou in 2009. Acta Ecologica Sinica, 2012, 32 (9):

[2] HuGW, Xie M X, Wang Y C. A suggestion for delimitation of 2872-2882
the incidence areas of White-backed Planthopper in China. Acta [18] Rosenberg 1J, Magor JI. Flight duration of the brown planthopper,
Entomological Sinica, 1988, 31 (1) ; 42-48. Nilaparvata lugens ( Homoptera: Delphacidae ). Ecological

[ 3] China and Japan Coordinated Research Group of Rice Entomology, 1983, 8 (3): 341-350
Planthoppers.  Investigation on the overwintering of rice [19] Rosenberg LJ, Magor JI. Prediction wind borne displacements of
planthoppers in Yunnan. Yunnan Agricultural - Science and the brown planthopper, Nilaparvata lugens from synoptic weather
Technology, 2000, (4): 3-6. data. I. Long distance displacements in the northeast monsoon.

[ 4 ] Gui R F, Ly H, Han Z L, LiZ Y, Lii J P. ThP causes and Journal Of Animal ECOIOgy, 1987, 56 (1) . 39_51
management for the outbreaks of rice planthoppers in Yunnan. [20] LuoJ, Wang Y K, Zhang X X, Zhai B P. Migratory biology of the
China Plant Protection, 2008, 28 (9): 15-17. white-backed planthopper: Take-off and emigration. Chinese

[ 5] Dang J T. The Southwest Weather of China. Beijing; National Journal of Applied Entomology, 2011, 48 (5) . 1202-1212.
Defense Industry Press, 2007 110-111. [21] Zheng D B, Yang F, Zhao Y, Xu J F, Wu C L, Zhang X X,

[ 6] Shen HM, LiJ P, ZhouJ Y, Zhang X X, Cheng X N, Zhai B Zhai B P. Formation of white-backed planthopper Sogatella
P. Source areas and landing mechanism of early immigration of furcifera (Horvéth) population: Case studies in Qianshan, Anhui
white-backed planthoppers, Sogatella furcifera ( Horvath) in province, 2009. Chinese Journal of Applied Entomology, 2011,
Yunnan, 2009. Acta Ecologica Sinica, 2011, 31 (15): 48 (5): 1242-1252.

4350-4364. [22] Wang Y K, Luo J, Zhang X X, Zhai B P. Migratory biology of the

[7] LiwYB, Yang J L, Lin L, Kong F F. The study on occurrence White-backed Planthopper Sogatella furcifera ( Horvath) . Case
characteristic  of  white-backed  planthoppers and  brown studies in Suzhou, Jiangsu Province. Chinese Journal of Applied
planthoppers in Yunnan. Entomological Knowledge, 1991, 28 Entomology, 2011, 48 (5); 1213-1221.

(5): 257-261. [23] Diao Y G, Zhang G, Yang H B. Migratory biology of the White-

[ 8] LiM, Xie GQ, Lu]J P. The study on meteorological factors and backed Planthopper Sogatella furcifera ( Horvath) ; Case studies

occurrence characteristic of rice planthoppers in Yunnan. Yunnan
Agricultural Science and Technology, 2009, (S1): 101-103.

on Huizhou, Anhui Province. Chinese Journal of Applied

Entomology, 2011, 48 (5): 1222-1230.

http ; //www.ecologica.cn



15 4

KIS mmIiR A

LIS AR 4 U o3 A 5 R HL

4271

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Yang F, Zheng D B, Zhao Y,
White-backed Planthopper Sogatella furcifera ( Horvath ) .
studies on Qianshan, Anhui Province. Chinese Journal of Applied
Entomology, 2011, 48 (5) . 1231-1241.

LiQ, Luo S Y, Wei S M, Huang F K. An analysis of the

relationship or

et al. Migratory biology of the

Case

biotypes and seasonal migration of brown
planthoppers in China. Entomological Knowledge, 1999, 36 (5) .
257-260.

Huang F K, Wei SM, Huang S S, Luo SY, Li Q. Studies on the
virulence characteristics of the rice brown planthopper collected
from Simao and Kaiyuan,
Agricultural and Biological Science, 2004, 23 (4) . 278-281.
Shen H M, Zhao X Q, Yin Y Q, Shen A D, Lii J P, Zhai B P.

Analysis of the source areas of the early immigration of the white-

Yunnan province. Journal of Guangxi

backed planthopper, Sogatella furcifera ( Horvath) ( Homoptera:
Delphacidae ) , in Jiangcheng and Xichou in Yunnan Province,
China. Zoological Research, 2011, 32 (Sul) . 17-24.

Shen H M. The study on oversea source area of Nilaparvata lugens
(Stal) and Sogatella furcifera ( Horvath) in China. Nanjing:
Nanjing Agricultural University, 2010.

Zhai B P, Zhang X X. Behaviour of migrating insects: adaptation
and selection to atmospheric environment. Acta Ecologica Sinica.
1993, 13 (4): 356-363.

Hu G, Bao Y X, Wang J Q, Zhai B P. Case studies on the
landing mechanisms of the brown planthoppers Nilaparvata Lugens
(Stal). Acta Ecologica Sinica, 2007, 27 (12) . 5068-5075.
Jiang G H, Tan H Q, Shen W Z, Cheng X N, Cheng R C. The
relation between long-distance northward migration of the brown
planthopper ( Nilaparvata lugens Stdl ) and synoptic weather
conditions. Acta Entomologica Sinica, 1981, 24 (3) . 251-260.
Jiang G H, Tan H Q, Shen W Z, Cheng X N, Cheng R C. The
relation between long-distance southward migration of the brown
planthopper ( Nilaparvata lugens Stdl ) and synoptic weather
conditions. Acta Entomologica Sinica, 1982, 25 (2) . 147-155.
Bao Y X, Xu HY, Wang J Q, Wang C H, Miao Q L, Zhai B P.
Analysis of the atmospheric dynamical backgrounds for the great
immigration events of white back planthopper ( Sogatella
Sfurcifera) . Acta Ecologica Sinica, 2007, 27 (11) . 4527-4535.
National Coordinated Research Group of Brown Planthoppers.
Studies on the migrations of rice planthoppers and its forecast by
means of alpine net. Entomological Knowledge, 1981, (6):

241-247.

S 30k

[1]

[2]

[3]

[4]

[5]
[6]

P BN a AR CERHITMEA. TR E VR RS X AT
TKmL, MRS E A AT G R A R AR AR i, 1982, 9
(3): 179-186.

AR S, WEHEE, TEHA. W IRE AT RER KR . Bl
24, 1988, 31 (1) ; 42-48.

PHRE CEAERE SR, ApAE AR ERFEELE. 25
FlRHE , 2000, (4): 3-6.

HEER, 204, W R, 2K, 887 aFEafE Lk
A TG R R BT SR . T EL AR ], 2008, 28 (9) : 15-17.
FeVE. PUR AL deat. Rk M, 2007 110-111.
TE, BEF, e R, ik, BB, BT, 2009 4
ZHE AT LAV T thﬁfﬂﬁmdﬁim@lﬁ SRR HLEL A

[12]

[13]

[15]

[16]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

AR, 2011, 31 (15) ; 4350-4364.
XIEMH, MRE, HF0, LK. aFATT CEREREE L 4
FrAIOESE. BHUEIR, 1991, 28 (5) . 257-261.

25t WHENE, B@RY. 2 CEUR R RRIE LB R
Br. =R RHE, 2009, (3F]) . 101-103.
SR, M KK AT CE S AT R RO A IR
4%, 1981, 8 (2): 73-81.
HPPRR. SR X T BRI DL T R IR, R A
i, 1982, 25 (4): 397-402.

BT, kg, BBgE. RREITHHNSEM 1. 170
OIMT. ARASEEIR, 1997, 1 (1) 7-17.

BT, BRAT RSP H K. B AU, 2004, 41
(2): 178-184.

B, BAET, KER, B REILFRX 1991 F5F

REKR & A B A AL A B 2R, 2002, 22 (8):
1302-1314.

KRN, i, R, MR, R, RE, BB, 5k
3, BT, 20094%”%3[5 S AUFRE T 4 T AR

. AR, 2012, 32 (9) ; 2872-2882.

B R, K, BT AW AT WEY R
KT, B ERAER, 2011, 48 (5): 1202-1212.
HKE, B, &z, R, RER, kER, 2RV H
T TCE BT R A TE A : 2009 422 0k L B A 43 4.
FA2AHE, 2011, 48 (5): 1242-1252.

R, B2, Kk, BT A AT WEY ST
TR MBI BT R HU2A AR, 2011, 48 (5) : 1213- 1221,
KNI, SRE, A, AR, kR, BT AT G
BT CA W2  ERBON A1 53 B, 7 B B2 4f, 2011, 48
(5): 1222-1230.

L, AREE, &is, T, g, FEE, Rk, ZE
¥y, ookEEE, BBAE, BT AT AT WY BB
WA oA, R RS AR, 2011, 48 (5): 1231-1241.
2, BB, FERE, BN B CaEEYRINE KIS E
KERT. BHEAR, 1999, 36 (5) : 257-260.

WG, BERE, ¥k, P, T, sEEFAFERE
M REECHE R . TR AE R, 2004, 23 (4) .
278-281.

WEM, BEN, PN, R, BT, B2EF. ML
AN TGS 1 B T A RS T, RS, 2011, 32
(HT]) ; 17-24.

TLEM. TREW CES A CENBEAN SRS, M. ML
Lk K2, 2010.

BT, k. F IR PR BT . X RIR A IIE Y S
Bt AR, 1993, 13 (4) : 356-363.

iE, W, TEE, BT 8 CE R RRIE LS. B
%, 2007, 27 (12) ; 5068-5075.

YL fE, Rk, ThioT, BEAR, BRISHE. # U m IE E ih)
JUiE CAYR G . RR2EIR, 1981, 24 (3): 251-260.
YIPfE, SRRk, TRt , BEAE, BREEIE. 18 CEGE R
MIIE GRS R . BR2EdR, 1982, 25 (2): 147-155.
WRFF, HAm#, T, TRAE, 2ad, BHTF. AT L
B EKE AR R 5. R, 2007, 27 (11) .
4527-4535.

S E AR IR UMEAL. & L R AR RS EE
FITIN A AFE. REHUAIE, 1981, (6) ; 241-247.

LR

http ; //www.ecologica.cn



