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Resear ch on diapause termination in an overwintering population of
Leguminivora glycinivorella (L epidoptera: Olethreutidae)
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Abstract [Objectives] To investigate the population dynamics of the soybean pod borer (SPB) Leguminivora glycinivorella
after diapause termination. [Methods] Diapause (4 °C, RH80%, L : D=0 : 24) and diapause termination [(26£1) °C,
RH80%, L : D=16 : 8] conditions were simulated in a laboratory and the effects of different diapause durations on the
survival, pupation, eclosion and parasitism rate, were investigated. [Results] Different diapause durations had no significant
effect on the diapause intensity of SPBs; the average duration of diapause termination was 82 d. However, the longer the
diapause duration, the less active SPBs became; 168 to 224 d of diapause was the duration required to produce a rapid decline
in activity. Diapausing for this length of time caused the pupation rate to decrease from 21.9% to 1.9%, and the median
survival time to decrease from 77 d to 35 d. The average emergence time of SPBs was 89 d compared to 60 d for their parasites,
which indicates a degree of synchronization in diapause termination between parasites and host. [Conclusion] At lower
temperatures, SPB larvae can remain in diapause for a long time but under more suitable conditions larvae will develop and
pupate after a shorter diapause period. These findings are helpful for predicting the frequency of occurrence of the SPB.
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2006 ). VTAEAKER KGR A YK, EIE
I AR AR A0, R RO U S S B AR
& (AL, 2012), RO RAEEEEFN
¥Ih—ERE—N, F7THTHES A LA+
FAblE, 8 A LAZEPAPM R AR R
Je e OP 7E AE ISR T, 4l RUE AL i 3 F
20-30d, BAGH 9 AMIFEA L, G5HE (9
WA, 2007; ZEE", 2020), EHLdiEA
+ g R R A BORAS RN IR AR
RS HANIE S , NHETE8E & B A8y
b, DIMRAR Rk 2 R AR B R (X7,
2017 )o FFFTFEIA K G B0 HUHE B 4 UG FE R AT
Z S PR HIEARE - 14.37- - 24.62 °C ),
4T 0 P Rk (R KR AT 7.5%3K
T 30.0%I X 45 A WS X 2 RARAE,
2015; 1RFE5E, 2018 ). REE.OHA KIS
10 NHLLL, BB 448 B0 W DR AR iR
TR R ERRRE RGBT, 2014 ; FRIE5F, 2016 ).
PRI, 5 R 2 60 RS 75 A B 0T~ T 0 P i) %2
AR R AR R R A R X
KGO A E LRI AR S S
FEFEH, HOGMREE] 14-15 h DL RE 054
AR, WA 16 h L ENIR &AW ;
SR AN NN = IR oS 28 0 R S Y (AR~ v K
Wi A (LRI FIEXERN, 1992, 1993; 2581,
2020 ); AS[R]GJE IR K S 0 B B AR R T
FRm, B0, 10, 15 F1 16 h & FRKERE
O O] g bR & I H P (R R
1988; Yoshimura etal., 2021 ). 8 H FHISREM
KE ORI T RAEAREE (0-25 °C) Ab
P30 d JEHEBBIEH B TR, 1
HRIE 23-25 C T AN B4l , i & B 5
bR (RRIE, 2017; Z7R¥E, 2018 ). REEOH
o R R R A AR S R  dE A B
Gy A AR A LR Y SR | Vs B IR R
FAEAY SRR EFE, KOS EDER,
BB PR S T R, R AR
HIRE F1 LA RO XoF AP IR A5 AS TR B 458 25 12 140 R ife
(FIRS, 2016; ZHH5F, 2019 ), {HHEHFIXT
KGO HARBR A B 5 0935 TR O . f BRI & R

I B 7 I ) S A I T8 D

B SEAN [ it 7 4 252 P TR0 R R0 B A R
A 2 HfR SR B IS, A7 B TN R B
R R A R AR RS A Y
ARFPRERCR, i — SRR R TR U A AL
HI LR G Biin o R At .

1 #R5HFE

11 S HiE

2019 4F 9 A 4], Tra/RET AR B
BRI (45°32'N; 126°57'E ) RAE R T AL
i Z L 2 2 000 3k, LA 1.5 mL
SRS B 08 v (B 08 3 FH AT FLALAE B,
BTSSR RE. 14 °C, WE. 80%, St/
WL : D=0 :24) HEAIPCOR TIERZALE LI
14d J5, ikl B4 s, mEgg
T4 CokFE(IRE . 4 °C, 2. 80%, L : D=0 :
24) REFEH

12 REiit

FHEEE 4°C, X R 80%, LRMIL :
D=0 : 24 FEH{EAE 28, 56, 84, 112, 140,
168, 196, 224, 252, 280 #1308 d i KEG &L
B AR (26+1) °C, MIXHEE N
80%, JCEWI L : D=16 : 8 AN T SAEF HEfT
WE SR, LR 11 ANEER, ArAliE e S28.
S56. S84. S112. S140. S168. S196. S224.
S252. S280 Al S308, LI—HET 4°CUKAHY
B AR (CK ). BEAME R IR 105 3k
G, R 3IAEE (35Kx3),

KEEOHEALRTE 1.5 mL BOE R
SEHEL, F B0 A T DL B USRI AU A
Mo BREEZIF IO R G B0 B A B AET -4
TRIREL . PIE S L A R P, H 25
SPMEEIETS . RIS R, B N RS
AR AR R BB WA AR T AR E
o 8 S R P M DU A0y L A

1.3 HESH
KFH SPSS 1 Excel BAFIEATRAHAL R . 4
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HrA% & . it Duncan’s 58 b 22 BG40 70 #r
AbFRTE) 22 S P o A AE T B ) FH 2 B e ]
( Median lethal time, LTsy) 3N,

2 GRESH

21 WEHRENBEXNXEROHRBREERRIE

AT FE LA IR AE AR G AR BRI B Y
S VKRR EE o A [ 3807 3 3 5 I D) o A M AR
WE R LR 1, R, KRR R
i T 7 O O HUA R T 7 P AR B (1) I B
WAL, ST AR R (71.82+10.71) d,
50% LIRS E] R (81.90+11.69 ) d, 455 Ak it
)k (96.11£20.37 ) d, 4 °CAb B[] K % %k
B MU R R B B B SR T R

M (6 1) HARIN 2RIl 5 08 i 4 S i a3
WE 4 JARKZ &0 R F S iR
WK, 60.69d; WiE 44 JE MR 0 Ui
bR B JE LIRS, N 7 do RIS
i B BRI BN, KO B BT A 2 A
SREDpER2N

m 1 ME 1R, AR R R K
AL AR BR A E G AR 2 W ) N R
o BTIRKFES, 4 CIRAF 28, 56 184 d
R G0 U B G IR b 35.24% T %
3 8.57%, 4 °CHALF 112, 140 A1 168 d UK G
D E g R 12.38% FTFE 21.90%, 4 °CAf:
17 196, 224, 252, 280 Fi1 308 d AR AL
i A 4 AR T R B AR B3 (1.9%-
5.7% ). Hodr 4 CIRAF 84 d IR EE.O IR %)

x1 ARHHFFEHEANAZROABRIEEHNZN
Tablel Effectsof different diapause duration on diapause termination of the
soybean pod borer, Leguminivora glycinivorella

iR, H 3
s R e

ALEEAtE] (d)  Pupation time (d)
[FyEain)

SR (%)

4 = N
WM (d) Condition Date of Condition of FTEATLEH  50%1L1H SE AL AIH e Pupation
No. storage of storage warm-up warm-up Start 50% Finish Pupation rate (%)
time (d) (month- pupation Pupation pupation duration
day)
S28 28 11-5 77.00£12.11 a95.69+4.06a 130.69+£14.56a 60.69+4.06a  35.24%=+17.22%a
S56 56 12-3 65.3144.06a 81.69+4.06a 105.00£12.11a 46.69+£10.71a 31.43%=+8.57%a
S84 84 12-31 59.50+4.97a 77.00+£9.87a 116.69+17.64a 56.00+£9.87a 8.57%+4.95%b
S112 112 1-28 70.00+18.55a 84.00+£12.11a 105.00+£18.55a 42.00+7.00a  12.38%+9.18%b
S140 140 4 °C, 2-25  (26+1) °C,81.69+4.06a 98.00+7.00a 107.31+14.56a 32.69+10.71a 15.24%+7.19%b
RH80%, RH80%,
S168 168 L: D= 3-25 L:D= 72.31+10.71a 86.31£8.05a 98.00+7.00a  32.69+17.64a 21.90%=*14.66%a
S196 196 0:24 4-22 16 : 8  60.69£10.71a 72.314+8.05a 84.00+18.55a 30.31424.57ab 5.71%+2.86%bc
S224 224 5-27 91.004£29.68a 91.00£29.68291.00+£29.68a  7.00+£0.00b 1.90%=+1.65%c
S252 252 6-24 56.00+0.00b 56.00+0.00b 56.00+0.00b 7.00+0.00b 1.90%=£1.65%c
S280 280 7-15 79.31+£14.56a 81.69+£16.17a86.31£21.42a 14.00+£12.11b  3.81%=*1.65%bc
S308 308 8-13 77.00£9.87a 77.00£9.87a 77.00+9.87a 7.00+£0.00b 1.90%+1.65%c

[FIFIAR)/NG FRER R 2257 3% (P<0.05, Duncan’s $i M 22545 ). S28. S56. S84, S112, S140, S168. S196.
S224. S252, S280 FlI S308 43K~ 4 CHRAF 28, 56. 84, 112, 140, 168, 196, 224, 252, 280 f1 308 d WY KE &
OHEE A, B 2 [,

Data with different lowercase letters in the same column indicate significant differences at 0.05 level by Duncan’s multiple
range test. S28, S56, S84, S112, S140, S168, S196, S224, S252, S280 and S308 indicate diapause larvae of soybean pod
borer preserved at 4°C for 28, 56, 84, 112, 140, 168, 196, 224, 252, 280 and 308 days, respectively. The same for Fig. 2.
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Fig. 1 Effectsof different diapause durationson
pupation rate of the soybean pod borer,
Leguminivora glycinivorella
A AR ENG SRR 22 5 A (P<0.05,

Duncan’s #EWEFRL ). FEIF.
The different lowercase letters above bars indicate

significant differences at 0.05 level by Duncan’s multiple
range test. The same below.
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Fig. 2 Effectsof different diapause durations on survival parameters of the soybean pod borer
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A. The median survival time of overwintering soybean pod borer larvae with different diapause durations

in the warm-up environment conditions; B. The survival rate of overwintering soybean pod borer
larvae with different diapause durations in the warm-up environment conditions.
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KO UM A 2 H s 3 R it )i, K
TEOHIE L, 4 CHEE 168-224 d KT
B0 HE G T R ST

23 XKEAOHEEFEXEMBREENRSYE

KL HUBRA L H (RSREEFME ) B3 AR
B GO AN IE B Phanerotoma garpholithae,
2144 d {1 0% Chelonu spectinophorae FilH ¢
Vi B 4% Pristomerus chinensis, fifi#5 K & £0 H
TE 4 CCORAERTII T, oA Py 25 25 e P fh o
EIEEEARA G (E13), 4 CLRAF 28 d 1
KGO BRI ZF AR P AR 5, R 6.67%+
3.56%, Hh RO RS A | 2048 e R A
B R T A U TR A 44 P AL 38 00 TR 4.76%+2.69%
0.95%=1.35%7H1 0.95%=*1.35%
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Fig. 3 Effectsof different diapause durations on

emer gencerate of parasitic waspsin the soybean
pod borer, Leguminivora glycinivorella
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(75.46+27.30 ) d, HHIE/NTRE LR
(P<0.05), R E.CH AP g T H A A

K, —Hfgbrina BA—ENFREE.
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Fig. 4 Eclosion dynamics after diapause termination

of overwintering larvae of the soybean pod borerswith
different diapause durations and their parasitic wasps
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The dotted line showed the average eclosion time.

3 iTitFLit

AR ANFAEFR AR R, 8 TSN
AT ARk ST MR AL T 2K E ( Masaki,
1996 ). il an — Ak H 7% 1 Mamestra brassicae
HHEZEm X, EEUWEAENE, kE%
BE—AX, &FLIHEALA TR, b B EhK
IR RIS S, A0 E R IR ATIR S S ;
FH L TS0 B0, A0 B M TR S R P T e
SHRYRE (Gotoetal., 2001), TMREELH
KPR, WE S A . 45 SR RIS D
XN (1992 ) [AIFSE 25 5 A 57 S Hh i 4 &
W, RegOoRAERE RIS (R -mdk-
WS- L8048 ) B —F 48, BoRm oy
TR 12 JH, AR 10 A4
EERALIT, WEMA N 10N H . BN,
KEEORY I LR SEE N 471 °C (8
BEFRSE, 2014), REMILEEFEKR, HE
ISR BT 1-4 A RFR &0 fugh Uik
SUEBIREE, KRG BRI, B
RO B B T B A —E MR 2% . Yoshimura
4 (2021) KRGO HBEME B UL, B9
AR 1 ARZEEN B, L EmERE 1
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s, JOCRMIm R ;1 H Z 58 S 5 R
BB, RS A R K B0 0 R A
Lk, KE LA E 2 HUfE 1 A AL B
A AIZAR IR AL T 528 Blan, PR RIKE
B0 A TR 1 AW E SR RAL, KB ERAT
H 5 PR R ( Yoshimura et al., 2021 ), A<HF
RERGZHMML, HF 84 d KGR
R R ARG (32 1), XYl BB
BlELER AL (K1), Bk, 1-2 HEAb
KOO H (HEE 84-112 d) W REAL T4 & 5
A R (ANR RS, EhE
SR R I O ), PRI AR AL A P R REXT
Z R T 0 B BRI B S 1 R A
W, Bilan, e (POD ). o F L&
(CAT). WAL EALEF (SOD) J& R ik
HEE B R G EE, KT B0 R 4 ]
3 3 1 R O PR A 3 0 O AL AR 5 495 LA 3
NGRS (2%, 2019), WFRAH, K
T HUR A BE], /KP POD. CAT F1 SOD i
T2 BRAR-TH = -FEAR i 8 R R ka3, WE 90 d
T MEEAR (229, 2020), AR EM,
1-2 03 RSB0 HUPR A 1L R 58 S R T i
W% S ETF (24, 2018 ), Hh LB &
Tit RIS e S A Bk T 0o AR P AR 0
LAY R A S S PL R BT R B o ( Bt
8, 2006 ), HUBEATIL, KRG .0 R E L RTE
1-2 A 43 ] BE3E A P81 (R A AR S g, T
AR, itk AN B B O o AR IE R
IR CRE (IR 26 °C, JGHE 16 h ) AbFHAT
DI SR T B0 HARBRATE o BN B0 iU
MR R ER)Z B L RB R L, T
6 H NAIZE 7 HHa) BB ZE 1-2 cm A ETHT 45 E i
JEARERRIAE (FR4EEMAR B AR, 2000 ), HIRIK
BFREELEEAL A 3-8 cm T2
2 (AR5, 2018), RIZKEELHTE 3-8 cm
TREE Y A )2 X DUBG R, IR 406 T T i
DIt 11y NS S N [ w3 P A1 B S 2ol
MFEERE, HRKEEOHRAELFE 12 cm 45K
ZIREERIESHMRN ERSL LT LT E
PE— B I0IE . FETF EIRBFIE SR, MRS AR

HEMBE (XA AT ) Ul #1740
THNFE: 9 HEWAE 1 A I&RHE, KlaheE
SRS 12 AN E AL, RN &
A7sAk, TIFENLHIRGS, & E MR E ik,
H SR 3-6 H RS, Eambrhii
JERDGCRAE S 7-8 A bRt & T ikl AN
Ho PR EEA B HLH T REA Ir2E S, dLF KE R0
MW BRI, M RE SO R,

WA R R AU KR B R A
7, WIS W R AR Y2 E SRR R, BES
O T B AR . ARESR R, R
168-224 d ( XFRiHHE] Ky 3-5 A ) AR E AL HRE
G R AR . SRR, 3 A BAIF 4
A LA PR EERG O kAR N ET
Kz —, SIS, Y4ER G0 R AR
( HIFA=4, 1990 ). 5-6 HAIRA% (1 F15
M EIHMEMT 112 °C) B RS &0 B A A A&
w% (R4, 1973), 5 A FAIFEHAIEM 5 A
AR K R R R O BUR AR R
5 A TFAPFSIRIAR, 5 H DAk EgZ,
KEELHEFEBRL (BEIESE, 2015), FHit,
3-5 AAMRAE AR R R AR T B O B BRI R
() CEERT I, B RN IE W AT e R K&
O MU SR A B E], LTS 0 RA7 s SRR, HF
(0K G PN S R N Y o

AT FT I WA T R GO HUR AR B A
PR & A 1) AFEEF RS RS &
DR ERE LR EZES; 2) KaEL R
[ Vi B 2R B Ay 7 R A T P B S 0 3l T R
B 3) REE.O R A RFEA R, %)
M, HhE 168-224 d KT AL HUIE 1R
R BT 4) RGO BUPILE E]#E
FHAAERE, ZH MR R —E W FE L
P o LIRAIFTE 25 R R0 BT K G0 R R B
25, ER TN O () A AR T B
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