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Tunnelling and cocooning behaviour of Carposina coreana larvae
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Abstract [Objectives] To investigate how mature Carposina coreana larvae enter the soil and construct cocoons, and the
effects of soil humidity and temperature on cocoon formation, in order to better understand the overwintering habits of this
pest and predict its future population size. [Methods] Mature C. coreana larvae were observed burrowing into soil and
forming cocoons under laboratory conditions. Soil humidity and temperature were set at 0%, 5%, 10%, 15%, 20%, 25%, 30%
and 5, 10, 15, 20, 25, 30, 35, 40 °C, respectively, and the soil penetration and cocooning rates of the mature larvae were

recorded and compared. [Results] Mature C. coreana larvae overwinter in cocoons in soil. Entry tunnels differed in shape
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and could be categorized as either flat U-type, V-type, Y-type, inverted Y-type or vertical type. Temperature and soil humidity

significantly affected the time required by larvae to burrow into soil, the penetration rate, the cocooning rate and cocoon depth.

Larvae could not enter the soil at soil moisture levels of 0% or 30% and the penetration rate of larvae was lowest at 10% soil

moisture. The highest penetration and cocooning rates (100%) were recorded at soil moistures of 10% and 15%. The fastest

penetration, and the highest penetration and cocooning rates, were observed at temperatures in the range of 10-25 °C. At

temperatures > 30 °C, larvae entered the soil relatively quickly, but the penetration rate and cocooning rate gradually decreased

if the temperature continued to increase. The cocoon depth gradually decreased with increasing soil moisture and temperature,

but cocoons were never less than 10 cm below the soil surface. [Conclusion]  Soil moisture in the range of 10%-20% and

temperature in the range of 10-25 °C are suitable for burrowing and cocoon formation of C. coreana larvae. Too high, or too

low, soil moisture and temperature reduced the soil penetration and cocooning rate larvae and could even cause death.

Key words Carposina coreana; the mature larvae; enter the soil; cocoon; the soil moisture; the temperature
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1 WREHREERGANTERTE
Fig. 1 Cocooning process of the mature larvae of Carposina coreana burrowed into the soil
A-H. B HRIZHIFAA T, -L. 2R BT L B s M. OB (a: B HAM AR );
N. A BN IERAL R ; O, B BT,
A-H. The mature larvae of Carposina coreana burrowed into soil; I-L. The mature larvae of Carposina coreana

created the pupal chamber; M. Overwintering cocoon of Carposina coreana (a: Gravel used to seal cocoons);
N. The mature larvae in overwintering cocoon; O. The shell of overwintering cocoon.

Fig. 2 Thetunnel of mature larvae of Carposina coreana burrowed into the soil

A BRI AL B, m “U” BIMGE; C. “V” BldGE; D, “Y” BHGE; B8 Y BIMGE; FORERIAKGE,
A. The mature larvae of Carposina coreana burrowed into the soil; B. Flat “U” type tunnel; C. “V” type tunnel;
D. “Y” type tunnel; E. Inverted “Y”type tunnel; F. Vertical type tunnel.
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Tablel The proportion of the tunnel of mature larvae of Carposina coreana burrowed into the soil
Ejﬁ%ﬂ ﬁ “U” E_lj‘ an E! uYn ﬂ 'ﬁ:IJ uYn ﬂ %Eﬂ
Tunnel type Flat “U” type tunnel “V” type tunnel “Y” type tunnel Inverted “Y” type tunnel Vertical type tunnel
BB Total 46 11 11 9 2
B33 0,
Prdi e (% ) 58 14 14 11 3

Proportion (%)

HHERE R 5%, HUfE 43k AT,
HeA T3l A AE RN 0% BN IRE, If
FH K il + 3 ORI R A 37 R A, IF
WG AT A b 2h BUGF- A HIHEN (28.7+
4.4) min, ALK HR 6.9 min, HEKA 0
K 240 min (£ 2 ). ZhH A L FAl K
57.78%+8.01%, 45 HERIETL T RE, 4 31.1%+
22% (£ 3), HEEPERER 2-3 cm i+
(R 4), T AALMYHR, ke %
TREEFENE

F2 WHEREHRBEERDBRERE
BETIERHNLTEK
Table2 Theduration of mature larvae of
Carposina coreana burrowed into the soil
with different moisture

Ik A LR (min)

(%) Duration of burrowing into the soil (min)
Soil water WlEebrER  BoME RRE
content (%) Mean+£SE (min) Minimum Maximum
0 ND ND ND
5 28.7+4.4 6.9 240+
10 1.4+0.8 0.1 2.4
15 18.3+3.3 0.3 23.1
20 28.7+5.1 0.3 29.2
25 60.4+£23.9 2.9 240+
30 ND ND ND

ND: A fph At

ND: No larvae burrowed into the soil.

H BTN 10% ., 15%F1 20%H, 4 UG IR,
TE TR VAL AT, FfA FSL 0 b hll -+ I RUh: 19 A
IR NE, — BRI Al , AL,
Bifi 4 VR AR, 4l H A R B
2R TR IR R 10% . 15%F1 20% 5514 F
HAEHA B35 (1.4+0.8 ), (18.3£3.3)
1 (28.7+5.1) min, HH, RN 10%0],

AL, HEHA LKA 0.1 min, &
KMALBK N 2.4 min; +HRE N 15%HF,

YR HEA LKA 0.3 min, KA LR
9 23.1 min; T RN 20%HF, 4 HUr S
A A B4R 0.3 min A1 29.2 min (%
2). ATHMA L RAGEER, ELHERER
10% . 15% Fl 20% B 34 % F W & 1 % 7
(P<0.05), #HEILT 100% (£ 3). (40T
T A R, W REE R A
BRI 13 . 76 T 5HR AN 10%0), %)
HEBERTE 7-8 cm WER TZhain, Hs
HURAGE 51.1%; M HHERE R 15%F 20%H,
4y P28 R B IR TR AE 4-5 cm Fl 3-4 cm ¥R
R E, HE5HEE G000 68.9%+2.2% il
77.8%+5.9% (% 4 ).,

x3 WWFEREHREZADRERE
BELIERHN T RMERE
Table3 Penetration rate and cocooning rate of

the mature larvae of Carposina coreanain
soil with different moisture

HEg ke (9 (9 e
* /%SE(l’)iikvit:r ) j;ilira(tifn) %E$ (%)
content (%) rate (%) Cocooning rate (%)

0 0.0£0.0 d 0.0+£0.0 d

5 57.8+8.0 ¢ 31.1+2.2 ¢

10 100.0+0.0 a 100.0+£0.0 a

15 100.0+0.0 a 100.0+£0.0 a

20 100.0+0.0 a 100.0+£0.0 a

25 71.1£8.0 b 62.2+4.4b

30 0.0£0.0 d 0.0+£0.0 d

TP BRI AR ER . RSB EARE AN FNE
FHERIR N [E) 585 /K AL B E] 28 Duncan’s B &2 ) 25 7%
Mg 2= 5 2 (P<0.05 ),

Data in the table are mean +SE, and followed by the
different lowercase letters in the same column indicate
significant differences between different soil water content
by Duncan's new complex range test (P<0.05).
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TR EE R 25%0T , 7E HIERZ H IR IR T
UL — 2K YAl i fih + R0, ok
FEEFR MR, &l MR ICA T B 50 LA 10% . 15% A1
20% BHERE A TR L, FHA LKA
B, A (6044239 ) min, fiATEKR
2.9 min, KA LB 240 min (£ 2), KZ
B A A BRI SR, HAE A 1 i
PRGNS, — 4 BB A £ 5 R RD &Y
W, HA LR, H 71.1%29.5%. Ti4hHmrE
A L5 B B R ETHAE 10% . 15%F1 20% 113
WK, M 62.2%+4.4% (%£3), HE%E
HFE 2-3 em IREM L2 (R 4),

T IR R 30%0T, HHEE IR R IR
A, BEEOR, R84 i+ s S/E
e, frshZ RIS, Tk AL, HA RS
HORYIN 0 (£ 3),
222 MEREMNLUFEHRBEZALSIANL
EEEMIRM B, 115 e Rk g
TER IR 5 F A B Fpgemt k. A+
FALREMAE LS SR WA ES

BRI R 5 °CHY, 2K HIGSPEE 2,
AL HEB HES, FHA LS (38.3+
5.4) min, HMEMA LKA 3.2 min, FTKHA
H AT 240 min (2 5), AEHIRBESMET,
ZRALRETA L, ALRA 100%0% (£ 6),
45 BRI AR N 80.0%+7.7% (% 6), HA
TIRELZETT 6-7em JEEN (£ 7).,

R R 10 A1 15 °ChY, ZaghEAEw
TGEK, 7 £ RZ A es), FHREE A A0 E,
/AN w1 1 1 0 | i B O 3 /AN ol 1 8 N 11
(2.3+1.0) min 1 ( 15.7+3.6 ) min, HHRE K
10 CEMTF, hipimm AL KNH
0.4 min, KM A LKA 54.3 min, 7EIREH
15 CA4&MF, #idmifE A 8K R 0.5 min,
KA LK N 240 min ZA (£ 5),
LA R A LSRG HRAE 10 A1 15 CHAS
WS T 3553 100% (32 6), A TIREE
A3k 7-8 em, HRZHETT 6-7cm KL EH
(£7)

x5 WWEREHRBEZAGHRERE
RMEREFHTHNLRK
Table5 Theduration of mature larvae of
Carposina coreana burrowed into the
soil under different temperatures
ABHE (min)
IEIREE (°C ) Duration of burrowing into the soil (min)

Temperature (°C)  pyffiaprsficist M/ ME KMl

Mean+SE Minimum Maximum

5 38.3+5.4 3.2 240+
10 2.3+1.0 0.4 543
15 15.7£3.6 0.5 240+
20 138.8+26.9 12.3 240+
25 225.5+43.6 25.4 240+
30 0.4+0.2 0.2 10.0
35 0.3+0.2 0.1 0.6
40 0.2+0.1 0.2 0.2

(& NS R4

Only larvae entering the soil were counted.

F6 LFEEMRFE ARG RERRRE
BESZHETHNLTEMERR
Table6 Penetration rate and cocooning rate of
the mature larvae of Carposina coreanain
different temperature

R (°C)  A+E (%) ZEHE (%)

Temperature (°C) Penetration rate (%) Cocooning rate (%)

5 100.0+£0.0 a 80.0+7.7 b
10 100.0+0.0 a 100.0+£0.0 a
15 100.0+0.0 a 100.0+£0.0 a
20 100.0+£0.0 a 100.0+0.0 a
25 100.0+£0.0 a 97.842.2 a
30 77.8£11.8b 64.4+11.1c¢c
35 578124 ¢ 53.3+10.2d
40 13.3+7.7d 0.0+£0.0 d

TR B EEAR R . RIS S bR A A RN
FEREFRIR AN R PR B IR AR 38 ] 28 Duncan’s it 8% 2274
2 3 (P<0.05),

Data in the table are meantSE, and followed by the
different lowercase letters indicate significant differences

between different temperature treatments by Duncan's new
complex range test (P<0.05).

REEIREE K 20 I 25 °CHY, ZELhdmgA
T AR S, KEE L R E A L L
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Ja, NEHRHEHERZ, K5 HIFREEN
BHEHA L. 7520 CIRERMT, BHAL AW
SN IS Ky (138.8426.9 ) min, [ 7E IR JE N
25 °CHF, Z2L R EHA LB R (225.5+
43.6 ) min, HHETAWREFMET, ALRKIX
el (R 5). MIREL) B TEX PR 5%
TN TE NGNS, Frst sk, (AL
RFNGERCRBEET 100% (55 6 ), &A% 0
FIZEHIRETE 20 °CHE FEAEH T 5-6 em WE
+2, fE 25 CHmEi bR, ZHE T 4-5cem
TZE (F7).

PRESUREE N 30 F1 35 °CHY, 34z
B PN ) STE RN (L) B Y3 s LY WS 2 4 L S
TG e DUk i, A D853 40 B R
EHERIEANAL, 7E 30 F1 35 CHRMUT, fE
A B4 B A 43 2O, S A R
I3 (0.4£0.2) F1 (0.3+0.2) min, FREMA
TS0 0.2 F1 0.1 min, KA A L]
390 1.0 F10.6 min (£ 5), EALHA L
RNGE M AR BRI SR B B FA, 7 30 1 35
CHRMT, HALREGHN 77.8%+11.8% Fl
57.8%%12.4% ; 45 8R4 64.4%£11.1% 1
53.3%+10.2% ( 3% 6 ) 1M & A4 HURY &5 AT )
BARRAF THEZE, 28T 3-4 eom +2
(£ T7),

BRI TR 40 °CHE, AR 2 %)
Hgh A v, iR 2804 B A A R IR R ek
e Hrp, BEA ML RES A b s AR R
W, HAP A EBRAR (0.240.1) min, fx
A LR AR A LR A4 0.2 min Fl
0.2 min( 3K 5 ), ZAY WA MR IE 54F ik 24 h
J& , TGS AR, ADERRIE A £ 14 HO 4
T oRAESS 3, 3 dJRZASIFIRSET: . 4k
A LSRR Z5 BR300 13.3%+7.7%
0% (%6 ),

3 #Hit5ifig

TEEH H B B A3 ARG s SE G U
gEHAL ISR A B A AT (He et al.,
2021), HZEHE AL 2R 2r:, FE 5

o b CAF FEAEY) MR ) AR (A AR )
28, Horb, PR A R A, AR
WA, AT MR ISR SIS, DIZEFF NI
MR AR 2, BT Maruca testulalis,
“Ak¥E Chilo suppressalis, K# i Clania variegata
G (HSEEAREE, 2010 ); BEFEHL T HIE45 A IL I
AL, A IR EAZ IR, I 22k
W) UK VK - SO RS 7E — R AR — 2 TEAR 1Y
WA, A4S i Helicoverpa armigera,
FiSE7k i Spodoptera exigua. FiHLFZE Agrotis
segetum %5 (ASEEARAE, 2010 ), XFF A L4580
eI R A, HATZEFERENT 48 2
Fifr s WA AL L AR e SR Ay R ] g SR
IR B, Hg S TR E AT, A
B, JPIFME B T AR TE PR, DOSGA Y 2R
Serp gl ok, A B E ) PR TR A BT 22 7%
ALK, AT EEEE N T, R ED
DL oy S A

A B A A R T B i 2 AR
IRAGHGE, DUE T2 A AR R P £
WARES UPE b o A Ll AP e,
PR A PE TR C 58 0, IE Rt 2 2
FIEAR (BREEZEAE, 2002 ), T L 2B i 5 ik %
AL A A HUE SR RUERL, AT UL 5 R
AL HGE, Hf, “U” BdGER AL, H
B Al 58%; “v” ORI YY" RIANfE Cy”
R HGER RO, B 5 LUTE 14% 45405 B E
R AGER D, HEG 5 AU 3%, (AR
WELPEEE 2 AN EiE, BA 2 EE A 4
8, FEH AP, A s R ST E 2
ZE TR 0 PR Y A HGE RS 5 T 2 g SR ik 2
AL T - rp HOW— NG S0l I, s s
R AT, SR LR OB AAE, gk
MR A4 B Je o T 2 R S50 AP Ak e &
AL R A B ) £ RS R RS SR
eI HUE S T, A Rt —P 5% .

MR REXS TR AR A B e, BB
SRR ) TR 2 AR EE . R B R AT (I
B4, 2008 ), X T A LS5 AR AL, 7EiE
FAGOUT, THEREEER, WAk E RS,
BT BT, ARER R D R T
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— 2 R (AR 2 1 A R A S ) (58 R I RN R ik
7, 20115 XUAARSE, 2016 ). R AE M I = 1
Lt iR T AR F R U447 (Zhang et al.,
2014 ), AR5, 76 RN 0%, 148
0 S i 4 R R SR S K IR G 43 A i, A R
FER 5% TSN, AL A 43 RIHE
MAEFRE 30%2544F T, 3P A2 oK T
W, HEEERME . BEEEIMG R, Nmifl 2L R
AR, EEHERE R 10%-25%H, %)l
(AN 235 RO 3 TV 3 i AR v, X 5 3k
38 FVRE 5 A TR B B AH — S T &y
A B AR A , FE R (3 A+
B[R] S AH R R, Pl B S A R i 4 R B e 1k
P, KR TN, b ax 1l i E R
RETEPAFE , 2L [ B 0936 J1 7N B I 52 ) 49
BRI SRS SR PRI AEA AT R . A
REERER, ELHRER 10%-15% 5%
A ) 1 2 0 SR gk o gy A - 2 ) e
TR L DA SR EL A AR R R
9T, Renkema 55 (2011) K, K4 50%HY
ikt Soi Rhagoletis mendax AMATE 3865 K &
et SR T IR AR, 5 A,
H ¥ 45 N i# Ectropis obliqua H1 K 45 N i E.
grisescens MALLERAT A AYSLIE AR R], AR
WK A5 ROME ) UfE T (5%IB ) AR IE
(80%M & ) (1) - 48 v B fiit 1) 7 - 193 1 Ak
(EEES, 2016; FETY, 2018), HIEA/KE
SRS A A AR - o e s R Y
AR 5K 1 SOk L Mythimna separata +
WK EAET AN BERIAL T 4 (ZES7 48, 2019),
HERE S E MR RN ERET SEAE
B, T EE AR = AN AT B AR AR (i
S, 2017 ), fE—EIRBETEEN, BHREE H
RGN R BRI IMA (LW,
1982 ), #2253 & T BT B U5 e A 1
KT JEREHESE (2019) K, s RIRAE
fit 2 FRAR AT A% RS2 Bactrocera minax 4 H1 i
fiohty, fefai 4 CA&MFFY¥IRREILIR ALY,
FETER 8 CCHMETN, SRARRTH LAY dU g iy
B Ak R ) ARG . TR BE B TR Acleris

fimbriana 7£ 22. 25 F1 28 °C&it, MR
i L B I 18 B I B ) e B A (X kA
45,2019 ), /INSEIK Plutella xylostella (1) %451 /1
SR R AR OCE , RIRLE i s i Ak
YIS /N i S e ) ((HAESE, 1995 ).
HE/NE L B Carposina sasakii, 7F i T i 3
WERJE, HAEamai, P TR, fEmT
29 CHUALIT, JCieMrBitE A 1 hif & 3 h,
187 2 X6 H B L ) - 2 A AR B SE R, TTAE
43 °CHFZfhin 3 h, W25 R AL R iy 23Rt
(Kim et al., 2014; EMITE, 2020 ), A5
v, Ll 2 B e SR i o AL R AR AR SRR
(5°C), 45HRY 10-25 °CHI LA TR, i
TE 40 CTEE KR ZEAMT, HEAL SRR
FET, XKL (2019 ) BFSE AR i I 28 X
TR R A —3 MALIRESRE, iR
JEEXT T 110 2 0 e SR ik 2 s Ay HROAY S T AN T
R m R, MALBKRE, 7
5-25 °Cil BEYE IR Z 0], Pl IR B i, 24
FEANFUSIRT B TR A o T 23k 30-35 °Cpiiid,
2K HURAZ RS IR G , I BT A
G HOR Pk =R AR B BB . 2R A LR
B S E AL A LR S8R 7
MR — B OL TR, 10-15 °CHa Ll 25 8 i S ik o
AL AR A AU B AR

ZEAA L8 g R S A A B AT
23, DA R) - 4900 B S 0 SR R A
T ARG AR, FESLBRAE P R SR
AN AN Bl TR T, AnTE 2 2040 A 45 5 By
Bt (BkARA) ) T EIR | 4K, S&FF
HEATHAUE, R I EKE, IR R 4
Y siss, DA S A4 iU, ik gl
SRAF U2 B Y o IS T I L 4 B
SR Wy 2R R DL R T L2 B SR i 2 45 B
HHAETEE L,
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