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Abstract [Objectives] To identify the origin of the mass irruption of rice leaf folder (RLF; Cnaphalocrocis medinalis)
moths that appeared in late season (late August and early-mid September) rice crops in the Lower Yangtse River Valley (LYRV)
in 2021. [Methods] Monitoring data, including systematic field investigations, sex pheromone trap results, and female
ovarian dissection, were used to identify the population characteristics of moths collected during the Nanjing outbreak. A
trajectory analytical approach, and the effect of weather on likely migration routes was also analyzed. [Results] The moths

originated from two locations: (i) From 24 August to 2 September most moths were immigrants, and came from southern
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Anhui, northern Jiangxi, northern Hunan, and eastern Hubei. (ii) During 3-14 September, most moths were local and emigrated

towards southern Anhui, northern Jiangxi, and northern Zhejiang. Compared to normal years, the western Pacific subtropical

high-pressure system (WPSH) was much stronger, and its orientation was more southerly, covering a large area of Southern

China to the Yangtze River. As result, strong southwesterly winds (towards the northeast) prevailed over much of Hunan,

Jiangxi, Anhui, and Jiangsu. The wind speed was also stronger than in other years. 87.29% (419/480) of moths were caught by

sex pheromone traps when the downward airstream was predominant, suggesting that the downward airstream induced by the

WPSH was a key factor forcing RLF moths to concentrate and land. [Conclusion] Special weather conditions caused high

numbers of RLF moths to immigrate into the LYRV in later August 2021. These findings can help develop better integrated

pest management strategies for this pest.

Key words Cnaphalocrocis medinalis; western Pacific subtropical high; trajectory analysis; ovarian dissection

YL Cnaphalocrocis medinalis J& .
7R b X e T KA R — . ix AE R E
SEV R A TRIAR 1605 J7 hm?®, FR4F 0] 3% oK R
SR 491 T, 7 E R R E KR A 4
AFRE 10 F—ZERAEYFEF R Z — (ZERE,
2021 ), FEHAS MR — i AR I R
FE IR B R o0 b X Tk A A TR (TR 2T,
1981; H%4, 2013 ), BHAEHRRZE, B AHH
A 5 IR AL R R T I AR EA X (1 AEYR
JE 4 CCAERLLIRHLIX ), it 5 kAbiEid e il
A AR A TR KRR = X DL H A 5
fif s 5 45 (9KFEFRAE, 1979, 1981 ), KIT=F M
TR E O EE KRG X2 —, WERENE
I R A R X I T DX RS N P I o
4-5 &, 5 AN AVIRIEA, 6 AT TFRIZE 7
A EAREETEAS, 7T A TAES A LHZH
A Ml L FE BR ST OR , BCH R AS L 25 S AP LT
APRRAFEE. 7. 8 AW 2 FEE 3 A iz
XEFMN. 8 A TAZE 9 A EPaIrEE 4 0T
WA, — B L A e 7K e 3 i K ) f
(5KZFAF, 1981; PRIEAE, 2013 ); {H 2000 4F- LA
Jo, XA 4 ARG IR B A, WO
T (R UESE, 2008; BRIGESE, 2013; #ZLNIAE,
2021 ), ik, ZEHEFRAINAN, % 4 RFEHE
IR ORI AR (EARRAE, 2012; BRIESE,
2013; #ELIWISE, 2021 ), {H Guo 5 (2022 ) i
FH [i1] e i PR O 58 8 B R, 2019 AREVL9R%
X 7 H A9 A LAl A L 25 5 A1
AR SRR, 9 A 10 HLJEA T H
PR SMTFHZ, BESERIE . B350 &

SRR, KT = AT G I 1 & A s S
AR AR TR AR AL (FRIGESE, 2013; #
ZININ4E, 2021 ), SR X 38 32 FAER 4 R
MR ) R AR i = R A ST, KRR
B R R AT SR ANTE 2

2021 4F 8 HFAI-9 H LA, KIL=MAW
FHRU S IR BBl A RS A I L g e 0 v A
KBIFFE 53 BT VR e e (1) & A= sl A R LR AL A%
WFFREEE 2021 AR IT = A N RS\ 35 I [ i)
WA S Pt M DXEE B L MR BT ( AR A
FRUESS ) | DU ELfRRIEE, AT YRR G R
KAAFIRER A A BNAS, IF38 2L 8068504 i DA
KRGS 50T, R IR A R 5 b
XAV = AN AT Cad i S R A5, AT Bl
T B B R S R IR AR AL, Sh R ST
UL ) B T 4 R 2 B R SR e 5%

1 #MR5HE

1.1 #HEKIER

AERE: 2021 HERITR R 115 4
LR 3 114 HRUTSS T e ek 4 ) Ml B AR AR
g5 ARt A AEOR R H IS R b AR
PEZK RS e P B K 20 1 m T4, XTI
KA FE B IE AR R 6 B
AR AR, PR KBGO AT 667 m’ I

AT 5T AT K B T M DX 2 4 I ik
B | ISR S A D R BE . EEOR A
PN Lo i s ARl 2 11 ) B2 R S i, (R
FA S 3l o) P AT kRl R B S it 5 v AR 5



+ 1690 -

o B 3244 Chinese Journal of Applied Entomology 60 %

VAR PTG o VAR PR3 o ) R s D S
B RE R 75 % T AR 1 22 H ORI /N B E5CH FR
VLT DA DR b SR AL . T A B 1 R AR I TR] By
20214E7 H 1 HE 9 H 15 H, Horbop g%
PR ICR S 2021 4E8 H 16 HZE9 A 15 H,

SR RIE T35 [ 1 R85 T4l s

( National Centers for Environmental Prediction,

NCEP ) Fil3 F KA W58 0 ( National
Center for Atmospheric Research, NCAR ) AY4>
BRP43#T %KL (Final operational global analysis
data, FNL), HIKP-I3BERN 1.00x1.0°, i [a][E]
B 6 h — UK ER TR

SEAh b EHE « AT STV S ATL DA M TR
A E&A BATHEIXIE (1:4000000) , KA
T S LAl b 3L B 0 B9 2 (http:/www.ngec.
cn/ ngec/html/1/index.html),

12 HEFAEARZE

ke 202127 H1 H-9H 158, &
RKIERFREK 1 m A5, & KRS TR AT
i, gk R 3 (KA 53 BE b T A
WA R ), TGS GERAE IR T
B, BRK A 9:00 IFTHEAT F—KiH4

DRSS 2021 4£ 8 16 H-9 A 15
H, & H FH H e H ) AR A s, & H
IR 30 SkZEAT, B ST i A 2 1w 1)
WA R w 7 RE I L8R N T [ B O A B Y K e
TEBA R K s S . BB Ak, A
i B U N AR B A, IR IR S A
LIMFETRNTF, &N A o 7RSSR
( Motic A H)4E P2 ) SMZ-161 R&¥4% ) F, HE
HEHR SN, WERYE M I I 5% F 900 I
s, B HICSE IR A A IR ST S A AT,
FRAEAT- 2 25 AR BT, DN S 4 bR e
Fienk 234 (1979) FRIEAIE .

1.3 FECHBER

AWFFER T WRF BEATF AR 2L A &
AT SR = LU T AT R X A s i BT
BRI TR AT, XL AT AR R R T

FORTRAN i& 5% (Hu et al., 2013), A®F54d
] WRF 4.0 {4 ( https://www2.mmm.ucar.
edu/wrt/ ), LI FNL N#JUGE7EAE R0 R 5540,
SR FH 0 1 B 2 0] 3 B oy 27 SR L2 E
) WREF A5 AL A X 38 130% 150 M4 4
SRS, B /N — R P 30 km<30 km
WEER SR ERY, 1R G S AT R 1
B2 A PER IR 5. EAMR T, WRF 4
M G (32.07°N, 118.78°E ), HiAth
BEISE S ER S (2019) HF,

PRI AL IR ()3 A WA AE, TR
MM ESHO TR E . RS

(1) RATHHE A E . 7R R AU,
TR TE]RAT 1) e 28 AN 5 I 45 ] D 4 RAT
2 b, BAER BT IR I R TR V%
(Riley et al., 1995; #ELRF-F5KZE, 1998,
Chapman et al., 2010 ), B, AAHFFELLAb 5T [E]
bnife, BEE R REEIA K 20:00, RV (]
U H 02:00, HiEZE AT 3 A (J8S7BHAE,
1995 ), H3BE ®AT 6 h, Jf HIMAEA R MES R AHL
IR 2 R AR A (GFEE S,
2019 ),

(2) A3 CITHEE . AHFSE 5 R I
(A E RATHEEE R 0.8 m/s ( BTk,
1998 ), HHIC TR M 1) AT ) A 1Y)
WEBAEE, BT T,

(3) TR E . AR BE 4 AR
AR AT i B, 3 )2 B IS 1 1 500,750
1000, 1250 m (B {RF-FITKZEE, 1998)

(4) RATRYMRTE B(E - 7E i 25 v RAT IR I
WSR2 SR R AT AR R, R AR
R SR 1L, RRRRIE S — X,
AR BIF 5 1 ARG IS U 1 TR AT IS TR B (E N
12.9 °C (LR FI5KZEER, 1998 ), MR T
PN (V5] By - B2 g |

fEi i WRF =4t Uit 8 s, 15
| — RINIE PR EAE , AT EARE NG
W A 2 R AT A A A R B ISR TR
R R AT , 15 20 0T R T4
RCPGT IFE o (1) [HEBIE 9 28 55 A A b



6 14

HIRTHAE: 2021 4F g mUR AN B8 SR A A e 1) AR It

+ 1691 -

XN, DB ISR A EAEY), JF HA A
PIEAL T EE AT ) HERE A R
WA R IR A A 155, I HZ0A PRI
Hon] RIS AT 1 B i (3)iE R 1k
SR 2T EA S RN AT TR I ]

14 KRERKERIGHHI

AW A GrADS 2.1 # A4 ( Grid analysis
and display system, http://cola.gmu.edu/grads/ )
FEECFNL H1 2017 - 2021 4 7-9 Ay 20:00-%X H
08:00 ) 850 hPa ( BEif-F-HIZY 1 500 m) ¥
K7 . TR AR S, R A B
G R R AT REXS AN R R A I AR T

AR ELAASZ i)

>

2 000 |--o- F 55 Baima
-o- ¥4k Chunhua
-o-JL7* Jiangning

2 GBRE59H

21 20214 8-9 AEREMWNEMHIEL EHE
AL XYL T8 (V7)) L A (7%
b)) UISEOKX S8 (A5) 3 A MNSEH
B E o, 2021 4E 7-9 A 15 HE £5E
3 AFEAEIIE R k. 7 AR, 8 A L
P 8 ATA]-9 A LA (B 1: A) o Hrhi 2
Ao AR, T ELEE L . A S EdEh T2
B PE N 5 ] T BOR S IC SR TR . A AT
O 3 ANIRIEAROORE R, T H RS R
3T SEN 8 A 23 HETEIFMS, —H sk
#9 A 10 H, #ELEZLZH 667 m> it 1000

Sk, HE 2000 3k (K 1: A) . [, TTKX
B
80 o~ #13 Hushu o

-0~ VL7 Jiangning

3
K g g
ZEois00f X E 60
2 E i 2
£ 2 = &
&= E1000- & 540
55 = =
EEY ® &
=~ o a 500 3820
g2 g
&< S
0 [ ey . (}Jﬁ 0 - | |
7-01 7-21 8-10 8-30 9-20 7-01 7-21 8-10 8-30 9-20
H#i (H-H) Date (month-day) H#] ( H-H ) Date (month-day)
C c100f Dg
< < -0~ £ A Immigration / ~
$ __E -0~ 1 H} Emigration \
S8 sl 2100 /
o5 « g
a0 ~ o
Ra i /
o 50 £ e
5 BE 10} / ~
& o e ,
HE st ‘5§§ \
S U AN
o
0 I II Lica Ill = b 1
8-20 8-25 8-31 9-059-10 9-15 k18 00 22 ()0 2: 00 6:00
H# ( H-H ) Date (month-day) iHE] Time
INERFHFR =RUT =% =%k
Ovarian development grade Below level 3 Level 3 Above level 3

1 2021 % 7-9 AERBHEHIEL £
Fig.1 Dynamicsof moth driving and sexual induction of riceleaf roller in Nanjing from July to September 2021

A. HIRGEEEE; B.

BREMARE BV s C. MEAIATEE; D MBI R TR

%IJO

LIS 8 A T AIEAW, AT
A. Dynamics of average moth population per 667 m” of rice leaf roller in Nanjing from July to September2021;
B. Dynamics of the trapping amount of sex attractants of rice leaf roller in Nanjing from July to September 2021;
C. Rhythm of pheromone trapping; D. Ovarian development stages of female moths;
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Fig. 3 Themigratory track of the 2021 rice leaf roller during theimmigration period,
and the corresponding horizontal air flow field at 850 hPa
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A. Horizontal air flow field at 850 hPa from August 24th to August 27th; B. Forward trajectory chart from
August 24th to August 27th; C. Horizontal air flow field at 850 hPa from August 28th to September 1st;
D. Forward trajectory chart from August 28th to September 1st.

The light purple solid line at the 500 hPa pressure level with 5 880 geopotential meters represents the northern

boundary of the western pacific subtropical high. The black dotted points indicate the area of Nanjing.
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Fig. 4 Deviation chart of 850 hPa horizontal airflow field inlate August 2021
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A. Deviation map of the 850 hPa horizontal airflow field in late August 2021; B. Subtropical high-pressure index and average
meridional wind strength in the Yangtze River middle and lower reaches from 2008 to 2021.
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Fig. 5 800-975 hPa vertical wind speed at 20:00-8:00 in Nanjing during the migration of rice leaf roller in 2021

AL AREE/RT 2021458 24 HE9 A 1 H, fERMAHIX, MEK 20:00 X H L4 8:00 Z[H], 800-975 hPa S
14 JEE 9 R A P B XU O . 2L R RIS, I EFR IR, 3 G B R/l LU B h 2 7 . Ak
PRFOR KRR, FEE IR AT, KRR . BEAL b2t B, /R T Y H % 1 20:00 B2k H %= 8:00
(R IELBE o AN/ 1y 1 X 107 2 1] B P P ORI 800G o TR0 A A 2 B 500 il B R A I ol
AT MCEIN 8 A 24 HE 9 A 1 H A% .

A-I. This figure covers the vertical wind speed in the Nanjing area from 20:00 to 08:00 the next day, between August 24 and
September 1, 2021, at 800-975 hPa. Red represents downdrafts, while blue indicates updrafts, with the magnitude of vertical
wind speed seen in the legend. The y-axis represents atmospheric pressure, which decreases with increasing altitude. The
x-axis is the time axis, covering from 20:00 on the current day to 08:00 the next morning. The dates above each small figure
correspond to the observation times. The dot color indicates the number of moths trapped by sexual attractants.

A-I correspond to August 24 to September 1, respectively.
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23 2021 FEFEMXBAEHIEFHTHIE
S

2021 4F 9 H AR G M SRR
RN = AT B (B 3: AL C. E)
BB 9 A3 H-8 H, FE4ht I W] 71
R AL, HEZELAT b £, IHERLE B
R 75 DX =R TT 90 | LGB B Wi V38 43 b
X, H, 943 H-5 HOmm X IEH, ki
=AM, 9 A 6 H-8 HARILA S EEHEK,
M SOZ R g WA (& 6: A) o BUBTER
FAAC ) & AR A AR, B ARG MR L
ML IR AARTES (B 6: B) o S HirE
9 H 9 H-11 HIHERE W7 A A R 1] Hy
IR VU R S K, RPN AR,
BT FIR ARG IS (E 6: D) o SBE=MEH 9
H 12 H-14 B, RS B R FE G I B ARk
Ii1) DY A PR B KRR B B | VLIS A
PANTLERE (N 415 Wl 3 B i 7 e N NS O
AL (K 6. F) .9 H 9 HIFIRREI 2B L,
KIT= MMz G X i msgm, KL =/M
WEATARR, B#iARICRFE, BHHTFRAE
misE g el (&l 6: CL E) o

P NI B 4EL 285 TR R R A X S5 KT R
UiF 9 J1 I A AN AG IR et AR A 70 L A
TG AT T R), T BE A R s XY 2B
#B . YLPEILER A i IR F] 10 000-15 000 3k,
B 2 T R IX . Wiy bR ik dL ik 1 000-
5 000 kA 2 TRV R AR o . A SR AEAT
BT R o A A B AT A B 30 AR A
(El6), EMMmFHREEE, EHBBrfE
S B RE YA M W HE AT 1) DY A O Bk b 4 K
WIR A AL, S B . X IR AR BE (&1 2)
J IR AL VG bR S me A4 A6 A S I 2
i, XS RN AT KB B R IE X — 3K AT
BB RS DX R R B AR AT
AEJE T UL p o X R 2z 2> ([
1), FEEMH DT ACE B A s R

i

AN 2021 4F 8 A FAJ-9 H AR =
FA U FES DA AS I M0 RS T B A o e e A 1
VEPEFCRIT, 255K, 8 A FALISMNITE AN
I, 19 A BAIVAHWAEESME R 3 1 DA
FEEHFINA, 8 H A9 A LA 4 (A&
I TR R (AR AR, 2012; PRIEAE, 2013;
W AFAE, 2019, EHLLWIAE, 2021 ) , SASCIFS
I A —3 . Guo &5 (2022 ) ARk FH [] i i A
P LR B OCHINT, 2019 4EVT R EHIX. 7 H
FA)-9 H LA A B 5 A b AR Y
RAEFEE, 9 A 10 HUUSA T HAEE, s
ARIFFRERA A BT 2021 FRFHHEMTIE
KEAEFRRFE, 8 A FaIEA R B2
FERIT A UL X A R AL . YEPE e . Wit
AR AL TS, UK 9 A FRIIRFAEAR
HAPEER AT, X R A IZEHH T R i
DX AE YN A I WP o AR, A7 AE RS A i
o 2021 FERRFIR YR (RIS D 5
P E e ) 523000 g KR T4, RGN IR
M REERFET ARV =M LRI UL, S 4R
WRIT T ENRE 4 ST ER AR ER S
AN B TR SRR o A ) B T H R b IX
#5 K@l Nilaparvata lugens . [a) 35 5 A7 75 & 4=
W, MHCIFIE R, LRI R ik, %
i (R B S R R N AC I, 3 KAy ) B
B T R5A7 XU (Hu et al., 2011, 2014 ) . [A] B,
T 2\ 5 I B0 g B 08 A, TT DA A S YT R R i i X
FEA DI P B B PP RS T

HH 8 AT AI-9 7 AR IR E 2 KUk A
MY, ) AR ) KR AR AR — 3,
R R A I B H) B B R O ) o e AR A A
K (Huetal., 2011, 2014) . KIT=MAM8 AT
-9 H S REUL A KRBT AT, 8 B
A3 Pa B PGAE R, T A i X 4 R ELRB AR
K P 4RI € (Huetal., 2014 ) , AHF5EEE
MR, FHPBMIEREE AR, D
Bk A RIT A IX AR 32 A B R
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Fig. 6 Themigratory track of the 2021 riceleaf roller during the emigration period,
and the corresponding horizontal air flow field at 850 hPa

A.9 )13 H-9 J] 8 H 850 hPa /KFiitAl; B.9 H 3 H-9 A 8 HIFHEHER; C.9 H 9 H-9 A 11 H 850 hPa /KF i

YK D.9H 9 H-9 A 11 HINHERIER; E.9 H 12 H-9 H 14 H 850 hPa KPS 3idsl&l; F.9 H 9 H-9 H 11 HIUfEH
R PREE IR 500 hPa S5 R 5 880 S5k, FonPUACF I AP R AL A . RO KRR B s bIX .
A. Horizontal air flow field at 850 hPa from September 3rd to September 8th; B. Forward trajectory chart from September

3rd to September 8th; C. Horizontal air flow field at 850 hPa from September 9th to September 11th; D. Forward trajectory

chart from September 9th to September 11th; E. Horizontal air flow field at 850 hPa from September 12th to September 14th;
F. Forward trajectory chart from September 9th to September 11th. The light purple line showed the 5 880 potential meter

contour at the level of 500 hPa to present the location of the western Pacific subtropical high. The black dotted points
indicate the area of Nanjing.
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POIL MR T B P R GE TR . 2021 AR =
AN Z BT LARESE Y BRI A, 5 4B RS
WL HEAE . 2021 4F 8 A FA-9 H LAIEKT
KA PRl —F" FERmRAL, AT P8P8 A
b X P AEXT Y - 2 dagpm JESF-, FIIFE S
ZZ SRS o PRI R R B P, SRR
.55 [ 100 A A i ) et TR s A, 2021 ), K
LA TR R LA, MR XS
F o X RGP T s 8RN
M. 9 9 HAZ 14 5B X “hIER” 2R FlisZmm
R VLT Ui b DX %A T 58 2 ) ZR A6 XU 45 S AR L
LR g PR T RIS, (HI A R 5t
i IX i O 2L, TR R A Y R T g
FACE R (MR A RE AL, 2021) &

i R HRAEAEH TR TR R ARIRSS
KA ZEAM A% ( Westbrook and Isard, 1999; i
A, 2007) o AP LI 8 H T AIRKIL=F/MIM
FEIA IR JOUBLTE A EZ 2 FUUR R, i
AMHE SR A2 480 RN IR, Hir
I Hb 2 A7 T AT AR TR B0 B 5 2 A R
A 419 K, H AR 87.29%. BIFMEANE
RS, FEHEGT, RRUBRRIE, KFER
HELES, Iy LR UUR R £, KIT =AU
9 A s CEl AT Hui 5 R A R o i A
IEARDG, WRIATE RIS PR N IR 535048
KEEEMRE (Luetal,2017) .

sz PR BT TR, 38 5 1 AR A L
R, AW FEAE DT B, RRSRAT I
BRRPEERIE A . T (FFaa5E, 2014) o
AHIF 5T B S R 45 R R R A I 52
BRI RIS, X RIS E ]
e E RSN A B A, T A AR R
BCRANGS o PRt , ] H B0 L e b, PR iF5
B )75 AR e I T () R I ) 45 o X AT RE A B
TR LRSI 2R & B A bk, 1 5
TS P Bl A AL AR B M B, 54T
PER AN B, ATREXT SRR g . o HAE
TR ) 50 BT R, AT 7S R v A s o o
AR EAFIEM R . AL, HIEAE (2017) B
FEHR, i R PR B e S AR R R

Aath—, BRI, PR E AR S AR G b S
FETASIAS, (BT RESHEN S T Had /e, 1
TP —B T

28 FRTR, ABFSERT 2021 4E LI sTHBIX N
R = ARG I B R T
AT T AT, BB AR T2 X 8 H T 4]-9
H A FFERE 4 Q0 M, R b A 25
5 A0 AR BT A IR . MRS TPI R R
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