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The effect of temperature and humidity on the population dynamics
of Grapholita molesta in pear orchardsin Daxing district, Beijing
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(Department of Entomology, College of Plant Protection, China Agricultural University, Beijing 100193, China)

Abstract [Objectives] To investigate the effects of temperature and humidity on the population dynamics of Grapholita
molesta, a pest that causes significant losses to pear crops worldwide. [Methods] A monitoring site was set up in a pear
orchard in Daxing, Beijing municipality where sex pheromone traps were used to monitor the population dynamics of adult G
molesta over three years (2018-2021). The data obtained were combined with local meteorological data collected over the
same period to analyze the relationship between temperature, humidity and population dynamics. [Results] G molesta began
to appear in the pear orchard in mid to late March. Four population peaks occurred each year; in mid to late April, mid-June,
mid to late July and early to mid-September. There was a significant relationship between the average and maximum
temperature and population density, which can be described by the equation Y= - 5.62 - 0.16X,+0.72X,+0.52X;+0.18 X4,
where X;is the highest temperature, X, is the average temperature, X, is the lowest temperature and X4is the average relative
humidity. The relative importance of these factors was: X;» X;= Xo» X4. [CoOnclusion] There is a significant relationship
between the occurrence of G. molesta in pear orchards in Daxing, Beijing municipality, and local temperature and humidity
data. These results lay a foundation for developing a model to predict the occurrence of G. molesta.
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HNE L H Grapholita molesta Busck Ji fi
W H Lepidoptera A} Tortricidae /N4 gk IV B}
Olethreutinae /NE L HJ&E Grapholita, #FREL/)N .
BRPTAS IS (ki SCRIXI/IME, 2015), J2—Fh
TR (B BUASESRAE ) B L (Myers
et al., 2006; Stelinski et al., 2006 ), FERME
fAh, Hass (X)) B0, e, R
SEMARURAR X FE I N E (RS CAE, 20105
JAMLTEE, 20115 JE{-R5%, 2013), AR
() USRS AT 50%, B KR =5 AL TR,
LRk LaME, mRy-EaEHik, B
ATAL/INEL R B SR e A 7 v 1 B2 R o R 7
(XIEEAE, 2013; RFIZESE, 2013 ),

ALU/INEC TR g HulE AR S YR fE
S Y BB iR B R ME , AL NV B B R
DI A W A e o 320 BRT, g ) 42 2
FIURPESG BRI S, FEHAVNMT OB
BRI = MARGE R AL, A ahe A
Rl UM 1 B8 FH 20 22 B 115 HUR N AR
W by RT3 AIFihEH:, 5 667 m* &
FE 354, BHEELE 1.5-1.8 m, BMEENN
VE AR B 1K, i U R A 1 5RO
MO iCF R (FhEARSE, 2021), HiBHES
() R B S, H B AR R A D AR
BIEIR LY S0%T, A2 Sl P R e, =
WEHA S 4-5 d BISh ™= R e, 7 Bl e i s 4-
5 d RISk B s W (5K SO/ MR, 2015 ),

AUNET DR E SIS A E, FRE
ST SA T RO A R e AN R AR I EE A
BeR &R, Hp iR E 2 AL N O HU AT A
(% (FHIESE, 2009); B EZEMAUNME
OB FEO0 . Bl . fRim AR IR (JF R4,
2017 ); S B2 M AL/ N O HUR I R (]
ABAE, 2011 ); oK AT H 256 RS fa] 3= 25 0w
AR K A (4305, 2014 ), ARSCR AR
A3AT L A [0 43 B G AR S0 B 25 05 B A0 b T
2018-2021 4F3k AL/ VRO HURPRE I S 22 7
PER EZR I, SRR AR 5RO B AR
BN OCHRRR BEFIE R, DI AL N0 B
) TN T 41 AN 25 Y R LR AR B

1 #R5REE
1.1 RS

AL/ 0> HUPE 5 Jofi 4 0 1 e b T
TEIX P45 B A E A BY = B (116°27°E,
39°59'N, 4K 35 m), LG miFH 53.3 hm®, Fb
M AN RAC A, RS AR EBR (AL 7
), AR AL AR S L A EL IR 6 ¢ 1
1, BB BRI Y 29 7 4F BRI THE R 0.7 m x 3.0 m,
PR 2.5 m, fr]HSRA R, A RFpOEE . B
. HERAE RN D B A AR, R
IR AL I A B

12 Fuhgo s HREEN

FEWE I X PN, BEBUE % & HEY 0.7 hm® AL
bl CETAY 745 ) HUIE MR X, el PN R O A 4R
SVRIEELS AN S IR S S iR T TR I,
HTR/NE OB EST. —ARESIERRN
PRACE AL /INVE O BRI (40 B et b
HEYREARAF), BHEE 1 RIFS, &
B 1 O AR SRR Y 1.5-1.8 m,
BAB A EEA /N T 15 mo JEAEERHE K 2018
F4HI18HEI10H 4H, 201942 H20 HE
2019 4E 11 H 6 H, 202143 H20 HE 10 H
17 H. 7EVHA R B i (0] 32 B 45 K
S, A B ] S AT I Bl ) X I S S
WIS R s T ST
1.3 |S&YEWUE

2018 F1 2019 4 Bk Ab 5t K% X
GG AL SR I A R B S R B
FEALE H AR MR . H iR
B BB S L H s g IR . 2021
AR G WA TR B e s (RS A RC-4HC
JINET B TR A BR A | ) B H R ATl
R

1.4 HESH
R AIHT |« 24 1) 2 Hr RS 42 2 B 55
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T AN D AR SRR Z ¢
#, HPRUNEBERBRAEYFENRA 10 C
PEATHE (22303845, 2010 ), FREESIAAIRE
BiR A Excel 2019 il SPSS 22.0 i T4b¥H,
FIH GraphPad 7 #471EE .
AR CA) THEARXWT .
A=3(T-B)

Kb nfREERAFHLENRE; TiE—
B0 AR BREBEZEFIBNAEYEE
o KhdE Ti<B W, W (T -B)LL0it,

ASCHRUNME.O R F B 2K (n)
SRy AR R W 2 [) P ) B R

2 HREHH

21 RMRULHMBEDERAESETESKET
S

WL 3 XA R A W g it (% 1),
RIBL NG AR — T 3 A
M, 4 AP AR EI R A R, SRR
14.9-17.0 C, FHRE R 43.1%-61.0%, FH 3
A 123.8-174.0 H-FE; 55 1 AQURUR kA e
HAE 6 A h, WA MHE RS, N
610.5-726.5 H-FE; 55 2 AU i kA i 27
7 A A; 9 H ARV RO S 3
AR A m i, = 10 A LA i se 2 7HIR .

x1 HEZR/NEOHBREREED R EREXSKEE
Tablel Peak occurrencetime and related meteorological data of each generation of the
adult of Grapholita molesta in the field

ingl KEBH ) Year
Stage Meteorological parameter 2018 2019 2021

A R 3 H 1 Date — 3A20H-3A26H4 H4H-4H11H

The period of SEHIEIE ('C) Mean temperature ('C) — 11.3 13.0

emergence of the )

adult SEHRE (%) Medial humidity (%) — 16.1 442

A e 3 H 191 Date 4H11H-4H18H4H18H-4H 26 H419H-4H 25 H

Peak of SEHIREE ('C) Mean temperature (C) 16.0 14.9 17.0

overwintering . ) o

generation B (%) Medial humidity (%) 43.1 58.5 61.0
ARBUR (H ) 403.3 469.4 470.5
Effective accumulated (degree-days)

5 Aty Y Date 6H7H-6H14HG6HI13H-6H19H6H 14H-6 H20H

Thekﬁrst generation SEHJEEE (‘C) Mean temperature ('C) 227 25.0 26.7

peal
SEIIHREE (%) Medial humidity (%) 64.9 59.6 57.7
FHROAE (H -3 664.8 684.4 745.1
Effective accumulated (degree-days)

o5 2 fRfCEg  HI Date TH20H-8 H2H7HI18H-7TH24H7THSH-7H 11 H

The second SR ('C) Mean temperature ('C) 30.1 28.8 26.6

generation peak .
SEBHRIE (%) Medial humidity (%) 72.5 73.7 63.2
FHROAE (H -3 887.1 610.5

Effective accumulated (degree-days)
55 3 AUty BB Date
g::kthird generation 35 (°C) Mean temperature ('C)
SEHRERE (%) Medial humidity (%)
ABBUR (H %)

Effective accumulated (degree-days)

IH1IHO9H6H 9HSHIHAIIHIA6H9IH12H

25.0 24.4 22.1
58.3 68.2 86.7
583.0 782.0

— NI TG

— indicates that some meteorological data is missing.



13

B WA LR RS X AL AL VR L IR A AR B S S TR O &

+ 219 -

JHAS [ A LB A AR I 5, 265 1 i
i, 20 3 U NES, A EoRERE
Y, BEFEHZ .

22 FMRLHREHSESKEFHHEXMY
S

NP IEHRERVNE AR RR,
3ARRR BEAT TR, S55R (1 1) 3R,

SEA

“Ha
PEIIREE | f T AR A A X

SEY N A A AR RO 2 [ B IEADE R

LU 3 AR RINR 5HN R
MR ZEB SRR, PR (X)), &ES
I (X)), wfRE (X)) FPFEIFRHRE (X,)
SRR (Y) BT TR F T, 45PREN
PR (X )RR il (X)) SR (Y)
ZIAAREE (£2),

23 |SEEFHHRNMOAMBELERS DA
S

WA RN S 3 AFRR T HZ

_ 40 A

53/35 °
—~ O 30(ea2%, °« .
O F se g Pl -e T
=~ 820 ,:-—c;"’ . .
BEIsh e * e
gg 10 y=0.066 6x + 19.589

& 5 R*=0.070 9
g o meEEE e

Z_s® 20 40 60 80 100 120 140 160

- 10 WO%E (CGkAFf#R)

Population density (ind./trap)
C

~ 35

@)

< 30 .

[}
~ 25 () o8 .. hd o __
8% 20 !\‘ "t,_——"’.’ b
g 15 L o o .
re 10g% e ..
o & y=0.065 9x + 14.554
B2 3 * R=00561

g _5$"30 40 60 80 100 120 140 160

=N 10 ROHE G/ )

Population density (ind./trap)

E1

WA, S AN MR EE 5 R ER
ST R, IRV O BORVEE & AR A
HRAER (YY), SKEERMERHZR (X), 5%
ARG T BN E O R B A A% 4 Bl
ST R RIS R AL R MR,
SIAMR LT, BRI RE 7
Y= - 5.62 - 0.16X,10.72%,+0.52X;+0.18%,, iR
T, FRLRHET (X)) SEVNC AR
(Y) BYIRAHICRECH : r (y, X ) =-0.0057; r (y,
X) =0.0735; 1 (y,%X3)=0.0268; r (y,%X4) =
0.061 0, FHILFIE A &R (X)) SRU/NMTLR
TR Bl 285 1] 8 D AH G R B K, U2 AE X
WA (X)), JARIE (X5), TS5 FHRE (X))
EHRAK,
24 MENMRORMBHETIHINSKZEF
BESH
ETEEGTRE, #E—Lath 2 mWES
WOHERNCR, SREVEHE (X)) W3
ANVELO YRR A B B s AR, B

5 4 B
S 35 [ ] \ e _ - -
S 30 [ ® oo .,.,—0” .
— E > [ o =T e °
\%j g 2(5) ft.’o’ s °
mE 1S o’
g@’ ‘é loge 320,099 9x +20.338
B (5)  R=00781
5 ) 5‘ 20 40 60 80 100 120 140 160
= 10 W O%EE kAR
- Population density (ind./trap)
X 1007 p
~2 90 o
5% gg !' o o e °
s °___
2 60"". o s e - . °
B2 sl <
ES 408 oo .
ﬁ'; 30 0 y=0.116 2x + 53.900
B 20 4 R*=0.045
(5] 10 1 1 1 1 1 Il 1 ]
E 0 20 40 60 80 100 120 140 160

WO%EE (CGh/AFHER)
Population density (ind./trap)

HNROHYPEBE[SKATFHXER

Fig. 1 Relationship between meteorological factors and population quantity of Grapholita molesta
B AR SR 5 EU MO MR RRECR S E &R, ok AL PR B s Ui
C. FARA I D. FEIRIREE
The figure shows the relationship between different meteorological conditions and population dynamics of Grapholita
molesta. A. Average temperature; B. Maximum temperature; C. Minimum temperature; D. Mean relative humidity.
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x2 FNEOHHEOFTESTIESKEFHEXE
Table2 Correlation analysis between population
density of Grapholita molesta and main climatic factors

¥ Character X, X, X X4 Y
X 1.00 0.79** 0.92%* (0.35%* (.23*
X, 1.00 0.56** 0.40** 0.24*
X3 1.00  0.34** 0.20
X4 1.00 0.16
Y 1.00

SRR 53 5K RAE 0.05 F10.01 KFEFEE. X: Ty
iR X BORRIR; X5 BARRIE; Xe: SFEHARHEE,
* and ** indicate significant differences at 0.05 and 0.01
levels, respectively. X;: Average temperature; X,: Maximum
temperature; X;: Minimum temperature; X,: Mean relative
humidity.

AR (X3) Rz ok, FHE (X)) M
SERIFRHEE (X)) W RHEAE R F BEHEAEH
(£3),

25 SEEAFHFNRORFEBEREXEK
Bt

XRUNE D A SRR T (X)) Z
[T K IR HT, 5 SRR (X)),
e A (X)) AR (X5 ) AP 2R X0
FE (Xy) 5AVNEO AR 3l 1% JCHE R 2055
4 0.6174, 0.622 8. 0.613 6 1 0.606 0, FHLSE
HEFE R Xo>Xi>Xe>Xy o Db 435 5 36 B i i3 Uil
(X)) WEERZMNZE, XR/NEO B
SRR EEE, AR (X)) Ak
S (X)) IR HAP RS S s ik z, 5
H = A L AR (X ) WALV U
BRSNS WA, (Hm /N,

3 itig

ARG T T RN E N ILH R, 3
AR ST« BRI  B AL RIS . KB
ST RS, R ALY/ INVELO ANEE R AR B A
SR RERER . X 3 AEMAYINE L
FEESh BRI E S k3, 3 Hdhdl, B
PPRRIAE] 12 °Ch, AUNELO BB R T
IRfedE, X S5HCHRE I T X R N TR
13 °CHl AR R HUOR Ak fE FE AL (8 K AR,
2016), KA H PSRBT, 3UNELR
R AR EWA T, IFT 4 H b Ak a4
B A e, 52311 B AL NE O BRAAR
EER—2 (E2ER, 2020), BOEEHEE
14.9-17.0 °C, “F-BRE N 43.1%-61.0%, A A
RN 403.3-470.5 H-%., 6 H¥ajE 9 A fif
AL INVE O R A e AW EE T T IR 3 R A e
HARES™E, HEETE 22.1-30.0 CZ[H],
X EAE 57.7%-86.7% Z 0], A % IR KM
610.5-887.1 H-J&, ICHHEIFEAURAY S,
AL/ HUY R e A R A SRR O T
TERM . 9 A FAJ-10 F rpa) TR 28 8 5 A1 i
BCAL/IVE O AP RE R 2 R R X S5 HTA
(3K B, 1980; FHA%%E, 2009; JH K AR5, 2016)
RIE AL NE O U R B IS B 24-29 °C 16
HIBETE 60%-80%AH—2, mbnl &, Jtx
TR SF M X B/ N O MR R AR 8h 5 kR
KRG HTHEVEKR

EEHNE T . B BT BT
FIR A8 TR B 3 A 25 R mT R, ZEdb 5T R4 AL

£ 3 FMEMROCHAMBEDNSHSKEFEESH
Table3 Path analysis between the fluctuation of Grapholita molesta and main climatic factors

e HEEE [B]42VE [EH2/E A Indirect path coefficient
Character Direct path Total of indirect
coefficient path coefficient X X X3 X4
Xi -0.028 8 0.259 4 — 0.1415 0.094 5 0.023 4
X, 0.179 3 0.061 3 -0.0227 — 0.057 2 0.026 8
X3 0.1023 0.096 6 - 0.026 6 0.100 3 — 0.022 9
X4 0.067 6 0.095 8 -0.0100 0.0712 0.034 6 —
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W AR B e AR SRR S R B R AL NVEL D
PRI SN EERRZ —, HRARZHER 5300
Bl HUR A AEAE—E MG . AV VRO BUPE R —
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M Be )32 2R A9 520 ( Yokoyama and Miller,
1987 ). & JE M F =4 iy N E o LT
B, PO R B ECR (FEIEEAE, 2020 ), AHE
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55, 2019 ), ZEBREAEGE (2013) WFFTFR IR
AL AN D R AE K E T KA
LU INTINERZS AT P v S = R = vy Bk o
FRI, EEZYF—k/N .0 H Carposina
sasakii Matsumura H', SRS, Sk EEOR,
A, + P A H R R S Y SRR R
FIEME (A CHSE, 2019 ), REREENE
WRGHERER AR AT SR HBA EEAE
Fo BEAL, I A e R X el Ry JH A 3 o
K A AL S RF AR, RN
Fh Z A S - R 23 B A PR B IR R ) AR kT
A, RARUNE D R A A R R (S
WRAE, 2022), JREFIAXEE SR NE LR
A TC i AR DG (BZ5 & 2R i 7 ik ni 4
SATA IR R 2R 2 (6] 2 AR R SORE B BR Al
1, ARPKRZERLGA B T RE LR
Bi, BAR SR IR U e 25 R IV U U
KRR SRR

MEBRGWMERE, RFLERE -
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