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Abstract: [ Aim] The overwintering site of the oriental fruit moth, Grapholita molesta (Busck) and the
relationship between the number of overwintering larvae and adult occurrence were investigated in
different orchards to provide the scientific basis for forecasting and controlling this insect pest. [ Methods]
Six typical orchards located in Jinan, Tai’ an, Feicheng, Guangrao and Laiwu of Shandong Province were
selected for systematic investigation and analysis. The method of scraping bark was used to investigate the
survival rate of overwintering larvae of G. molesta and the overwintering locations on tree branches, and
closed gauze was used to investigate the numbers of overwintering larvae in the soil. Meanwhile, the
occurrence of overwintering adults was monitored by sex pheromone traps and the sugar and vinegar
liquid, and the relationship between the numbers of overwintering larvae and adult occurrence was
analyzed. [ Results] The survival rate of overwintering larvae of G. molesta was as high as 62.99% , and
the numbers of overwintering larvae were significantly different among different orchards (P <0.001).
More overwintering larvae were found in main trunk (28.48% ) and bough (44.24% ) located in lower
(45.10% ) and middle (46.28% ) parts of fruit tree, while less overwintering larvae were found on the
upper part of fruit tree (8. 62% ) and the lateral branches (27.28% ). There were no significant
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differences in the number of overwintering larvae among four directions of tree branches (east: 27.57% ;
west; 26.13% ; south: 23.76% ; north: 22.54% ). No significant correlation was found between the
numbers of the overwintering larvae and overwintering generation adults caught in the same orchard.
[ Conclusion] G. molesta overwinters as mature larvae in main trunk and bough located in lower and
middle parts of fruit tree or in the soil. In the same orchard, the population of overwintering larvae of G.
molesta is not suitable to be the reference basis for the forecast and control of overwintering adults,
because the surrounding environmental conditions also affect adult occurrence of this moth.

Key words: Grapholita molesta; overwintering larvae; overwintering site; adult occurrence; spatial
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Survival rate of overwintering larvae of

Grapholita molesta in the orchard at different location
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Table 1 The height distribution of overwintering larvae of Grapholita molesta on fruit trees

SR A T b DX B ] o ) 28 4 B 850 Number of overwintering larvae in different orchards
Position of e RL HEBE 1 HEE 2 - B i He (% )
. ] ° X . ] 15& Guangrao A .
fruit trees Jinan Tai’ an Feicheng 1 Feicheng 2 Laiwu Proportion
T#B Lower part 1.36 £0.43a  0.69+0.15a 2.00+0.65b 2.14+0.67a 8.20+1.58 a 1.30£0.26 a 45.10
H1#E Middle part 2.29+0.52a 0.44+0.13a 7.90+3.34a 0.57+0.3b 4.30+1.05b  0.60+0.16 b 46.28
3K Upper part 0.00+0.00b  0.00+0.00b 0.00+0.00b 0.00+0.00b 3.00+1.06 b  0.00x0.00 c 8.62

LB YA = bRuETR , B 5 AN R B n R EE 22 57 8. 3% (P <0.05, Duncan PGB E 227545 5) ; TR Data in the table are Mean

+ SE and those in a column followed by different letters differ significantly by Duncan’ s multiple range test (P <0.05). The same for the following

tables.



12 4

RIS SRPE BV O HUBEA &)y U5 7 R AR G &

1421

LR, e, bk 282 IR 2 B, T
iz, Ealicbs TRAE, B R Iy
fii, FEAERALE MR, LRG VAL R Al LIFE e
TR Z2 e, BL/INED O HUBAC 4y it 32 B R AR
AR, ANV E D BBk, A Al BN T 2 A
TERSTRTRER, A AL R s 1 i AL

M2 TR, Br ) 6e ko8 B 2R
B/ HUBAC 2 BUfE FACH T BB,
M o MES T Bl v, ARG A 2 A b 4 4 oy
MO B e S B R S T T B IR
2 BB, 35 R A LB Al mUGR 2 T IA,
HEA BEMEIE SR . AR BREY RO A4 i
TERW B BRI, 1K 44.24% 5 ETFIAL

A R D, A G RA T DU, A 4
TERHAR RO S AT S B B A 5%, TE4)
iy IS i a2 s B a1l 2 2 N O
RUEE BT 1, W b, 4o HeAt R R AR
FEELAY R (BFRE B , A AR T
KRB Z . BUNE L IUE SRR AL, B
K iAE A MBS A

M3 ATRLE H, BRE Rk A, B/ Ee iR
A A AR A P4 R LR 4 AT B RO
AR BAT 2 N 22 5, T P 2R el 8] A 31 9 2% 4
TEANTRN 7 o7 AR BT o5 FE AT Y o B4/ IV Rk
A S PR SRR BRI 19 70 A 50, BRAE SR 1 Bkl 951,
P R AY 25 S A

R2 RNIROHMBZYHERMARKTHSH

Table 2 The limb distribution of overwintering larvae of Grapholita molesta on fruit trees

N [ b X ER el FP Y A% 40 B 8CRE Number of overwintering larvae in different orchards

BT Limb v Y [Ty o 2 7 ¥E BRI
Jinan Tai” an Feicheng 1 Feicheng 2 Guangrao Laiwu Proportion
FF Main trunk 0.79+0.28b  0.56+0.16 a 1.00+0.61b 1.14+0.46a 5.60x1.06a 0.90+0.31 a 28.48
F A% Bough 2.64+£0.67a 0.44x0.13ab 4.30+1.41 a 1.14+0.34a 6.40x1.42a 0.60+0.22 a 44.24
4% Lateral branch 0.21£0.11b  0.13+£0.09b 4.60+2.59a 0.43+0.20a 3.80+1.32a 0.40x0.16a 27.28
®3 RIROHMBZHHERMAR AL LS 6
Table 3 The direction distribution of overwintering larvae of Grapholita molesta on fruit trees
5 R[] b X SR ] Hp ) 2% 4y B 80 Number of overwintering larvae in different orchards
o i % Ty 2 i K BREHBIC%)
Jinan Tai’ an Feicheng 1 Feicheng 2 Guangrao Laiwu Proportion
% East 1.57 £0.50 a 0.13+0.09 b 2.70 £1.48 a 0.86 £0.34 a 3.90 £1.51 a 0.60 £0.31 a 27.57
74 West 0.50+0.17a 0.31+0.12ab 3.80x2.14 a 0.14£0.14 a 4.20+£0.77 a 0.30£0.15 a 26.13
T South 0.79+0.50 a 0.56+0.20a 2.50+1.48a 0.86+0.26a 3.40+0.65a 0.30+0.21 a 23.76
4t North 0.79+0.30a 0.13+0.09b 0.90+0.41a 0.86+0.40a 4.60+0.91a 0.70+0.34 a 22.54
BA T Shady side 1.86 £0.50 a 0.19£0.10 a 1.40 £0.56 a 1.28 £0.47 a 7.40 £1.36 a 1.00 £0.39 a 37.22
BHYE Sunny side 1.79 £0.66 a 0.94+£0.17 a 8.40+£3.19 b 1.42 £0.48 a 8.70+1.04 a 0.90 £0.23 a 62.78

2.1.3 W ERUINEL BUBA Sl BRI A Y B
Wi Z AT 0T AR LA 40 SR B R x e
[ENEAS Al AR B i A B A e 22 57 (P <
0.001) , ML | FH AT FREA 4l s A e A o 22
5(P <0.05) , Ll x BHBH mix s gl g i kot i s
WiZE5E 75 (P <0.01) , HABNZR AR 27 A R
2.2 FNROHMZGRETEFHHE

Mo S R A 4 AR (R 5) AT AR B, (AR BE R
I 2 2R el o ] 5 B BN B B AR R R, 0531
93,53 K/ R (BT 2 m® 242 ) #1141 3K/
PRORHAE RN 1 m® 2f 42 P ), 30 994 S el o 77 2R
el TR B AIEE A, oAt 4 >R 4T SRR BRI TE K A 2R
bel, bR BR B BRIV O HUBA AU RUR

x4 FNROHEEYHHHYESHHFRE
Table 4 F-test on the distribution of overwintering

larvae of Grapholita molesta

df 0 A 2 Influencing factors F{H F value
5 Bpd Orchard 13.241 ***
2 EE Height 11.026 ***
10 HBE x B Orchard x height 4.209 ***
5 SR Orchard 15.671 ***
2 A+ Limb 2.510
10 BB x AT Orchard x limb 1. 608
BB Orchard 16.633 **~
J5 1% Direction 0.203
15 B e x J7{ii Orchard x direction 0.737
5 P Orchard 16.294 ***
1 BH FH T Side 6.225"
5 H5E x BAFH A Orchard x side 3.391 "
*P<0.05; *"P<0.01; ***P<0.001.
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Table 5 Number of overwintering larvae of Grapholita molesta in the soil in different orchards

ST b DX SR ] - 458 o A8 4y B 850 Number of overwintering larvae in the soil in different orchards

; BE HE Sk 1 A3 2 S

% N IEHE [ai

T Jinan Tai’ an Feicheng 1 Feicheng 2 Guangrao ARIE Laiwu
3.53+£0.48 a 1.41+£0.73 b 0.00 +£0.00 ¢ 0.00+0.00 ¢ 0.00 +£0.00 ¢ 0.00+0.00 ¢

2.3 MEFR EREFENELARRYEESKHE
HME L HHERNBE XS

HIZE 6 AT LUA Y, P07 4 2 e & Ay
o2, FOROBEBETR, TR BRI i 25 o 14 25 5]

B A P SRR D I 2 AT A 2]
A Iy L SR el F 7 S LA 1y PR Y A
TR R AR, 28 R e rh A 4y
PR IR 110 2. 83 A, BFRaAREE Ol 1. 21 £,

*6 REFHARERPAEAEZRENRNROCHEZKERBE
Table 6 The total number of the adults of Grapholita molesta collected by different methods in orchards

ASTr] b X5 Bl v 8 8 & AR L B0 Number of the overwintering adults in different orchards

s - . .
Tre: g B’ fE Ak 1 JIE K 2 I T
reatment . X . X K

Jinan Tai” an Feicheng 1 Feicheng 2 Guangrao Laiwu
15571 Sex pheromone 394.25 £52.59  644.80 £57.77  352.40 £64.29  439.00 £47.66  121.20+19.78 26.00 +5.83
WL Sugar and vinegar liquid 17.25 £3.09 54.00 £10.84 14.80 £3.10 11.80 £3.56 8.60 £1.93 5.40 £1.21
Tl|# Fz Scraping bark 2.93+0.77 0.50 +0.13 7.70 £2.66 2.00 +0.58 13.10 +2.01 0.80 +£0.29
+ 4 Soil 3.53+0.48 1.41 £0.73 0.00 +0.00 0.00 +0.00 0.00 +0.00 0.00 +0.00

®7 RIROHBEZREAFEESHLRYRYEHBX LT

Table 7 Correlation analysis between the number of adults caught and overwintering larvae of Grapholita molesta in orchards

r F J7 1 Equation P
TR 7 - iR
. ,”WEZ e 0.442 6.56 y =430.491 - 13.290x 0.016
Scraping bark-sex pheromone
JARE K i it v
AR 0.292 2.519 y=24.533 -0.753x 0.124

Scraping bark-sugar and vinegar liquid

Ferp y (CFRMEBFI B A B E R B, o [RETIR A S 4, v represents the amount of adults trapped by sex pheromone and the sugar and

vinegar liquid, and x represents the amount of larvae gathered by scraping bark.
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