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Abstract: This paper aims to reveal the effect of atmospheric low temperature stress on the initial immigration of brown
planthopper, Nilaparvata lugens (Stél) in China and conduct effectively warning of the early immigration of the populations
from overseas. In this study, the migratory trajectories and source areas of N. lugens were deduced based on the statistics of
the annual immigration beginning dates and first immigration peak dates of N. lugens during the period from 2000 to 2017 in
the rice-growing regions of South and Southwest China. The influence of atmospheric temperature field on the migrating
processes was analyzed and the difference of the impact of atmospheric low temperature stress on N. lugens’ initial
immigrations between the different rice areas in different years was compared. The results showed as follows: (1) in recent
years, the immigration beginning dates of N. lugens into China were earlier than before. The immigration beginning dates

into South China were earlier than those in Southwest China in general. The dates of early initial appearance in South China
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might be related to the northward migrations of N. lugens’ population over winter. (2) Initial overseas insect sources of N.
lugens in Southwest China were mainly from Myanmar. In South China, the main sources of the initial immigrations in the
year came from the middle and northern parts of Vietnam and Laos. (3) The temperature distribution in the prevalent
migratory layers showed that the probability of low temperature barriers occurring during the initial immigrations of N. lugens
was about 54.4%. The average low temperature stress intensity was 13.45 °C and the average cooling range was 1.88 °C.
Among them, the low temperature stress was more significant in South China ( the occurrence probability was 58.3%, the
average intensity was 13.18°C ), and more obvious in the immigration beginning dates (the occurrence probability was

70.6% , the average intensity was 12.53°C).

Key Words: brown planthopper ( Nilaparvaia lugens (Stdl) ) ; initial immigration; trajectory simulation; insect source

area; low temperature stress
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Fig.1  Distribution of N. lugens’ monitoring plant protection stations in the rice-growing regions of the southwest China and the

south China
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Table 1 Beginning height setting of migratory trajectories in the rice-growing regions of the southwest China and the south China based on

HYSPLIT model

TR B Ml 5 B/ m

FEIX TR /m* ) i s

. . . K Model height X
Rice-growing region Altitude Stations

above ground
P Southwest China  577.7+100.8 700.1000 1300 st oL BT
1294.7+44.8 500.800,1100 TR B )R SO AR I AT BRI T BRI TR
WAL SETE + o+ TN BN BN AR T BN LA
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1.2.3 Bdagiitrk
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Table 2 N. lugens’ immigration beginning dates in the rice-growing regions of the southwest China and the south China during 2000 to 2017

PIREREIX R
Rice-growing region of Southwest China Rice-growing region of South China

H A LS VoS H#1 A H3k

Date Stations Pest number Date Stations Pest number

2000 — — 2000- 04-06 TR M 2
2001-04-03 =M Rl 55 2001-03-21 Il 5
2002- 04-20 = &1 1 2002-03-25 TR M 21
2003-04-11 = B 1 2003-04-06 J7HR M 2
2004-04-25 = &1 12 2004-03-06 TR M 1

2005 — — 2005-03-08 TG e 2
2006-04-07 = RIS 2 2006-03- 17 J7R B 1
2007-04-10 = Bl 55 2007-03-01 I g 6
2008-04-09 = 3l 2 2008-03-08 7R W 2
2009-03-21 P 2 2009-03-09 J7PG e 2
2010-04-10 =R B 1 2010-03-01 TV Bk 1
2011-04-01 =/ it 1 2011-03-01 JUY g 1
2012-04-01 =M st 4 2012-03-02 I R 1
2013-04-01 =~ R 4 2013-03-01 JTY g 7
2014-04-01 =i & 1 2014-03-01 ST Ry 1
2015-03-10 =M JolL 1 2015-03-01 IV 1
2016-03- 10 =Fg JoiL 2 2016-03-01 ST A 1
2017-03-10 = it 9 2017-03-01 TG B 1

* PG AE X B/ 2000 ,2005 4F HUIEEHE

P R DX g L 4 LA —o— O R XI5 LG WA PR/ &AL
VA R X34 4 I3 o TR — AR/ AL2

05-11
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[
04-01

H 4 Date

03-22

03-12

03-02

02-20 I I I I I I I I |
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B2 2000—2017 £HE LEEXECAKRLE

Fig.2 Annual immigration beginning dates of N. lugens in the rice-growing regions of the southwest China and the south China during

2000 to 2017
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5T TERRAE 4—5 H RN G fa) 2 [ ARG 45 BUR X 2 o [ A PO RS AR R A X A0 A TR A R RS N T4
KAWL, HLI RS IE A 4 fe) 5 2R B4 S 2, R P R AR XL TR R XA TR AR, Ik
Aef HR R K/ R A A RS LS U U s Sl R EGE AR () B2

A EBANVRE ARSI ERAE W CEWIRE A TR EEREREX 0 H SR D 2R T s g 14 d
AAr o WE 3 H TR, B UGG B AT $5 F R SR TE BB 0 0 B ) 22 S, R ER AR R ) Y 25 5 (B IR
AW H FIR 5AEMTA AN B E  L3.13=-0.698,P<0.01 ;14 .14 =-0.426,P>0.05) . #iltn, FEFE RS IX. 2000
12001 4F 5 2016 A1 2017 45 JL-F-H1R] ; VEREAE X 2001 A1 2002 4E5 2011 F1 2012 SEtJLFMIRI (£ 3) . 5
T AU HOAH F 46 W ASIAE AN [ AR 493 1] 22 2 A i B2 B/ 08 LB SRS A ] SRR

R3 20002017 FEE EEBENB CREERTINER
Table 3 First immigration peaks of N. lugens in the rice-growing regions of the southwest China and the south China during 2000 to 2017

Rice-growing region of Southwest China Rice-growing region of South China

H# 3l LISV S H# A Hs3k

Date Stations Pest number Date Stations Pest number

2000 — — 2000-04-16 J7R FF 163
2001-05-05 = &1 590 2001-04-09 TR M 148
2002-05-02 =M Bl 1421 2002-05-01 JUP e 337
2003-05-26 =M Inie 155 2003-04- 11 TG e 261
2004-05-26 = 3l 578 2004-04- 12 IR 1874 116

2005 — — 2005-05-01 TG e 410
2006-05-06 &M OET 440 2006-04-03 IV e 320
2007-04-23 =M Rl 117 2007-04-01 JVE 248
2008-05- 16 =M At 135 2008-05- 13 IR EM 113
2009-04- 16 = LR 355 2009-04-13 TG e 430
2010-04- 19 oM ET 737 2010-04-28 TG E 512
2011-05-01 = L 428 2011-04- 14 I 219
2012-05-05 =BT 196 2012-03-06 TR M 205
2013-04-24 =M B 112 2013-04-01 JER EwM 109
2014-05-02 =R T 153 2014-03-27 TR M 154
2015-04-26 =Fg LI 462 2015-03-15 TR M 212
2016-04-02 =M st 108 2016-04- 10 J7VY YA 184
2017-03-21 =rg it 136 2017-04-08 IR 573 138

« PURAE X Bit/b 2000 ,2005 4F H 15 Kb

2.2 AFNIARIE AR R oA ST RPN

NRW ZFAAE N ORI AR B W CEFR B AU AT, AR SO 18 a FRaE A H [ P g AR R A XY
WIHRIEAGE REVEAT T I I, %A AR DX AN [R] G A S0 K A A5 (] 4 290 308 25 in 3] 4 R b 2 e T 20 A 151
(30 m7pBER) (181 4) o LA 1) K s IRt 3 A D AHE R 25 4F I HE LB REA T 0 2657 (3R 4)

S5 22 AT L 4 B, A5 AR PR AT Y e R XA R o B0 A A 4 ) L A PR RS
AT R DCAE NI AR T A B8 32 20k A 2 il B LR b R ) e 7 AR R VAR IR A P A XY
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Fig.3 First immigration peak dates of N. lugens in the rice-growing regions of the southwest China and the south China during 2000

to 2017
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Table 4 Trajectories classification and insect source areas of N. lugens’ initial immigration in the rice-growing regions of the southwest China

and the south China during 2000 to 2017

R X LN e LRUES itk X Rég L X
Rice-growing region Period Trajectory type Proportion Insect source area Insect landing area
P45 Southwest China i LY BT 62.5%(20/32) it AL LA
Lz 31.3%(10/32)  4iifa) P ARHS = H
[ER/CIUN it 46.9%(15/32) i) L =
el 34.4%(11/32) it rh AR PRl
AR 12.5%(4/32) oAt o i Py e
#E75 South China 7 L A 1 27.8%(10/36) T e Ea e TP P RS R
AR 25.0%(9/36) AL B AL IR g B
HeAR 11.1%(4/36) T A R TARBEMES
BrEN 8.3%(3/36) g T TR M
HUGE AN A 1 38.9% (14/36) il araml o e U e | A TP PR
B 13.9%(5/36) At ARHS 2 EARALE e
AT 8.3%(3/36) 1 A R TAREMES

2.3 Rl ra gtk

AT 1.2.3 BlRGe i or i A AR LS BMRIR A S R RN R R (R 5.8 6 £ 7) . NEIBI#R
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Fig.4 Distribution of source areas and trajectories for N. lugens’ initial immigration in the rice-growing regions of the southwest China and

the south China during 2000 to 2017
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A AR L8 2 [R] R R W7, FLVGA = B B B AR T = pg b Ll &R 6 23 S B A B /N1 75 7 e A
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LG VAN SR 90 E i SER L N
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X AN ) T2 A B 0T 8 AU Sk ol 38 2 2 55 L B8 1145 31, 16 WA 204 70. 6% 1) R 75 2o 32 AR 52 A1 T 588 13 oh
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TR A ) 22 SRR /N, — 7 1 TR R AT g SR b 2 R v R BEL P PR 2R 2 (3B 448 K B AR 38 2R T Rl
Gy WLV W ) ST (T Re S Bl 13 7 i b= = W A L - A= R = N 2 ST
PR HLIX 12 KA L T4 CERNEE 16°C ©AT BIE A HER 22 5 /0N, DT 32 S0 260 52 e o8 e o 7R 1
A ) 22 S0/, DRI, A ) A3 A 88 P e o AR R A 52 1 1) 25 S5 7 P R A IX AR AR /DS

ZE b 4 CEWI AT A TR [ S22 0 8 5 3t AR A e 0] N 25 () A0 A L ¥ A 22 5 R ) S A s ) 3 A
SN LG DI A e R DX 6 T NV A R DX (AT 38 7 e R DX e A R
FU PG R R X R A e R B R T 1 UG AU b AR T 0 A VY R R DX A S AR L R R RS X &R
Bf ] SR EE K BERIR IR R (R 7)

&5 2000—2017 E£FHEEXZE 800 hPa (KRB 4FEE

Table 5 Characteristic variables of low temperature stress on 800 hPa in the rice-growing region of the southwest China during 2000 to 2017

i UL H UG A
First appearance date First immigration peak date
E WG REMEE/ T RRRE ~ We RS/ C I -
‘ fi g el o 2 Fxp@ 18] WS IR E/°C / it e el 5% £ Fd A 8] W B/ C /
Year Low Low (B Z1) . Low Low (BZ0) .
. Cooling . Cooling
temperature temperature Cooling temperature temperature Cooling
. range . range
stress strength period stress strength period

2001 1 15.96 2:00—8:00 0.54 1 15.03 20:00—X H 2:00 0.50
2002 0 — — — 0 — — —
2003 0 — — — 1 14.76 20:00—X H 8:00 5.36
2004 0 — — — 1 15.27 20:00—¥X H 200 2.05
2006 1 13.08 20:00—¥X H 800 247 0 — — —
2007 1 8.52 20:00—X H 8:00 3.15 0 — — —
2008 0 — — — 1 13.50 2:00—8:00 0.82
2009 1 15.20 20:00—X H 8:00 4.82 0 — — —
2010 0 — — — 1 14.16 2:00—8:00 251
2011 1 12.82 20:00—¥X H 8.00 1.36 1 13.63 20:00—¥H 8:00 1.21
2012 1 12.69 20:00—X H 8:00 2.81 0 — — —
2013 0 — — — 0 — — —
2014 0 — — — 0 — — —
2015 0 — — — 1 13.49 2.:00—8:00 0.72
2016 1 13.51 20:00—X H 8:00 6.15 0 — — —
2017 1 13.85 20:00—X H 8:00 2.54 1 13.93 20:00—X H 8:00 3.98

1 ARERAFEMRIR G, 0 ARG T
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R 6 2000—2017 EEHEFEX ZEE 850 hPa {KiEMBIFEE

Table 6 Characteristic variables of low temperature stress on 850 hPa in the rice-growing region of the south China during 2000 to 2017

UL T A
First appearance date First immigration peak date
temperature temperature Cooling Cooling temperature temperature Cooling Cooling
stress strength period range stress strength period range
2000 1 15.63 20:00—X H 800 0.76 1 13.50 2.00—8:00 0.53
2001 0 — — — 0 — —
2002 1 14.30 2.00—8:00 0.33 0 — —
2003 1 15.96 20:00—X H 2:00 0.28 0 — —
2004 1 9.65 20:00—K H 2:00 0.30 0 — —
2005 1 10.94 — -0.39 0 — —
2006 1 13.04 — -1.26 0 — —
2007 1 12.90 20:00—X H 8:00 1.03 0 — —
2008 1 9.29 20:00—X H 8:00 114 1 15.74 20:00—¥X H 8:00 0.80
2009 1 7.88 20:00—X H 2:00 2.77 0 — —
2010 0 — — — 1 14.34 20.00—¥K H 2:00 0.37
2011 1 12.26 20:00—¥X H 800 247 1 13.30 20:00—¥x H 800 171
2012 1 12.95 20:00—K H 8:00 1.38 0 — —
2013 1 15.24 2:00—8:00 2.12 1 15.67 20:00—X H 800 0.89
2014 1 12.99 2:00—8:00 1.23 0 — —
2015 1 747 20:00—¥K H 8:00 9.83 0 — — —
2016 1 9.25 20:00—X H 8:00 171 0 — —
2017 1 9.83 20:00—¥X H 8.00 111 0 — — —

1 ARERAFEMRIR G, 0 AR AR i ia

®7 20002017 FHEE EERERAREERKRBRESIT
Table 7 Statistics of low temperature barrier on different levels in the rice-growing regions of the southwest China and the south China during

2000 to 2017

ARG e B (R AR % )

yH i /OL
iRt Number of low temperature (R 2

. e/ C
. . . e w temperature strength K
Period barriers ( Incidence probability% ) Cooling range

7507800 hPa  800/850 hPa  850/925 hPa  750/800hPa  800/850 hPa  850/925 hPa

PR IR LI

First appearance date in southwest China
PR EAEE

First immigration peak in southwest China
AR I WL

First appearance date in south China

T T

First immigration peak date in south China
PYRIREIX AT

Southwest China

K R

South China

BRI

First appearance date

TR

First immigration peak date

WHRIEA B

Initial immigration

16(100) 8(50) 5(31.3) 12.04 13.20 14.42 2.98

16(100) 8(50) 2(12.5) 12.36 14.22 15.49 2.14

18(100) 16(88.9) 12(66.7) 11.04 11.85 13.38 1.55

13(72.2) 5(27.8) 2(11.1) 13.55 14.51 14.99 0.86

32(100) 16(50) 7(21.9) 12.20 13.71 14.96 2.56

31(86.1) 21(58.3) 14(38.9) 12.30 13.18 14.19 1.21

34(100) 24(70.6) 17(50) 11.54 12.53 13.90 2.26

29(85.3) 13(38.2) 4(11.8) 12.96 14.36 15.24 1.50

63(92.6) 37(54.4) 21(30.9) 12.25 13.45 14.57 1.88
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2.4 iE AR ST

SRETE AL T AE S CEGE A S IR P R AR SO T AR AR R AR R RO A T R Y
HYM, A H R ERELES ., WES ol WL, 75 X A0 G A B 7R T 16°C BAIR 7 8 ik
P BARSD b W B UGE A AR AT, 31X 2 BH TG R R DM TR LR R AT BB S R A T R TR
BT A K, Fh BRIFIEERER & 55 (KT 16°C 1 BE ) # K E Lz BT AREH X 21T AR
T BEASHAT & KT 16°C I 2544 (ANTET 5 v 2010 4F) o 3 15 B A IR 1l 485 e A A KRS i i) — > E 32
2, AN S5 M0 0 U A B 301 I A 2 Pk PR 2%

SRtk — 20 T G DL IR RAR 5 AR SR B R XS T I RJR IR B AR A R Y G R FRATT I L PR A AR R P
FEF DX I A 238 S5 (e (1) 7510 A (P R R DX it TH 42°F JP BRi PB AR R IX E M LZ g WM Bk FC)
2000—2017 4F 3 A3 BATiE 2R H B, B 5o 18 45k H ¥R A0 4% B (8] A2 1645 . 3 47 ok VH p AR X 1Y
i SEREA TR R (B 6) |, AR ARG X1 s R LA AR (B 6) o Hk, B A 935 1k W
BUE [R] AAHOCPERS . VO R AR X 3 T 0 Aot A UL 5 43 DL A0 PR EL A A 55 1) S G | BB A T3 2 Ui B
1o, U DU R k15 I T T R XA KRGS WL AT T B S HUS AT IR 2 B RRIRE T A O, AR R X
AR WA AT S HURA T W2 B R RIRE AL T,

FEAERERE X W LR A, B2 46 WL (1 5) B9 AHUBATIE WZ IR T 16°C BBRUGR AR £ 41k
T AAHA AT, 2 = 83.3%iE A H 1Y H XRAMET 16°C , MM K T 16°C (FfKE 9.75°C ) . HAST
JAA 4 REEMRT 16°C BYIE T2 T0TR 4L RATHY . F Bt | A g e X4 DL H s ) e AT FE — e I T
1500 m( 850 hPa) , [F] i [ i HL G b 5 8 H b ) 8 2 A 0T 400 0, e o] A bl g I 30 s DX ol 0 g A T i T A X
FEAE I /D i 0 2% R IR B vt i AR S P28 A R AR AR i 1), AT PR B 4 ROV ) 3 S B 4 i 5 SR R IX A 6
VKT T b WA PR AT 5 AR R A A M {4 R mUB A R A R AU A G,

3 Fig5itig

3.1 i RERIERIT AT [ 4 AT, 46 R DX R WL ER R T B A AL AR i IR A 56

UTAER , TR REAE NP ER T A FTIERT, A OTTE R B AR T 5t N )0 o g S A Rl
TR LA | UG I A S AR AR IR R 3200 R EUEE AR DA i £ B RR A T R S )
FAAERE 26 5% TERIRIZE B IR A DM Z R T X 20, ASCHE it 2 AR CEGE A U 153, 48 Kl
W IR TE AR DN AR P R A IR 9—14 d, M RERI UG A TR IR AR VU AR A DX B i 18] 22 5 A5 B
HUIX AT RRREE F5 1 KRS RIS SR A G, H st ) s 0 LA R e 3 H il ) s it 5 2 B DDA O
AR R XY R T I O, S M A B A (AR AR, S S i B R 2 T M B S HL G RHY
RE ) A DX AR SR AR U, DL 28 RV TR AU R L T 4 gt Xt Aok 75 s SR pig 0, AN
2B 2 AR B 2 X R s 5 o AR G (0 5 SR I 7 T L VS e DX A v | b 34 2 4 TR
TEASZ Ml PR DR 2R B AR, 1 U AR Rt ML R LG 2R B HA A iy BN A2 2%, Z2 R0 R R 25 S B0 Rl
AR I AT FE DY AR DL 20 T AR ML IX

ABEFEH A BE, AR R XA A T W2 BRI T S (BRI AW REEAT 1, HF 2
TERE R RE X AR DL, 2947 83.3% 4 R EIE A AR AY R tR X il i R AR T 16°C  fEX M O T 46
REVEICHE ATHY (H LRGSR A, XIS REE 3 A il A SR A X 91T B R T
1500 m, i), AR A5 2 W S A0 A8 I A4 K mUBR AL AL RS, (E A2 1 R 3SR DX A7 AE D (B A s > A
Ao g R DU AAZE AR 25 Sk i R4 ™ . Hu S5O ZEWFST 2008 A7) 74 JL3H0 v 5 X470 i i A 1o ek o
AL 500 m e BT A HUR, 4550 s I s AR A PR R R IR AT BESK B TR & o BN O AT LA A7 AR D
A HUIRAE AR N RN S e At r R IX R Al et B AU WHLHI s R Sk © b A, — i
HIA 16°C AR A5 LT, A2 12 3 3l I PR RE A LR AT (B B Bk 16°C UM R IEE
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Fig.5 Daily mean temperature on the prevailing migratory layers (on 800 hPa in the southwest China or 850 hPa in the south China) of N.
lugens' landing areas during the initial immigration dates in the rice-growing regions of the southwest China and the south China during

2000 to 2017
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Fig.6 Monthly mean temperature in March of the prevalent migration layers (on 800 hPa in the southwest China or 850 hPa in the south
China) of the stations in the rice-growing regions of the southwest China (JH, JP, and PB) and the south China (LZ, WM, and FC), and
N. lugens’ immigration beginning dates during 2000 to 2017
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