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Research on the induction and termination of diapause in
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Abstract [Objectives] To determine the optimum conditions for the induction and termination of diapause in Trichogramma
dendrolimi in Antheraea pernyi eggs. [Methods] The effects of age (parasitoids developed for 40. 96 and 144 h after
parasitization at 26C), temperature (10, 13 and 16°C), and low temperature exposure period on diapause rate were investigated to
determine the optimum conditions of diapause indication. The emergence rate, emergence synchronism and number of wasps
emerged per Antheraea pernyi egg post diapause termination after cold storage at different temperatures for different periods were
investigated to determine the conditions required for the termination of diapause. The effects of diapause inducing temperatures on
diapause termination were also studied. [Results] Diapause was induced in insects of different ages by exposure to constant low
temperatures , but the highest diapause rates (100% and 99.12%, respectively) were achieved when young larvae (26°C for 40 h)
were exposed to 31 days of low temperature at 10 and 13°C. Diapause termination of 7. dendrolimi, and its post-diapause
emergence was affected by both diapause induction temperature and cold storage temperature. Diapausing prepupae that were
inducted at 10°C and then stored at 1°C had a shorter diapause breaking time, a higher emergence rate, and a longer storage
period. These pupae stared to emerge normally, when transferred to 26°C after being stored at 1°C for 30d. After being stored for
60 d, the emergence rate reached 95.24% and the emergence rate was higher than 60%. More than 50 wasps emerged per host egg

after storage for 4 months. [Conclusion] The optimum conditions to induce diapause in 7. dendrolimi consisted of keeping the
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parasitoids at 26°C for 40 h, and then moving them into 10°C for 31d; the optimum diapause breaking conditions were storing

diapausing prepupae at 1°C, however the storage period should be not exceed 4 months.

Key words Trichogramma dendrolimi, diapause induction, diapause termination

AR RIRIRIE Trichogramma dendrolimi 3¢
— B ATz BEE A A 2 R AR AR B OE P R
A PERT, LLILRERS AEFEZE B Antheraea pernyi
ORI A AT R ) M TR v AR AR
dUCEBIAE, 2005) o HET, A2 AR R
FAP) 32 B S e B ORI, IXFPRE T80T AR
IS U1 75 B K B 1) AR IR e, A7 | 2R Z A RS A
AR R 2 o B TR PR TR AN
L TE /R NN v 5 N CAVT ML AR SIES SENTE GBS N
IR ITHE)™ 5 R RHIR W = i 1Y) 5 22 5 B AE AN T b
e PRIl fAERORAE AR T A= rh 2K
HE N IRIREEIC AF BRI 50, A B TR
R e (%) JR A 2 P F A = K, S LR Ak R
FE ISR AR RN Y, TR A v AR HIR B4 1) S
SRR, SN R R, BRI AL
B A (BRR5E, 2005) .

IR A 0 H i /R B T 2B =)z
N AR, AR IR N EH A A, 25 2E
SR I 30 d S PIAERRRAR, W R0 i,
W 1) J i 52 B 7™ L EZ A (Jalali and Singh,1992) .
FRUR W B J5 AR IR 5 B K SRR B, 5K
=R, AR B NI, A ARIR AT BBt
WAEH, RERSINIC AR, T LLARIR G 1R i /I A
TR YRR K AA I B 2R (ORI
2, 1994) o HEA E X 10 2R 7RI A
T T B MO Bt AR AR 1R
MR e el RN 27 AP 2R R R AN ] IR AR AN,
2009) o ARIAEHRIRRE, HICOAHEEN
PR N E R, (H B 45 R AR
KZEF, HIEGEMEREE N (2R 0EsE,
1992; XM A=%%, 1994; Ma and Chen, 2006) .
ATRIS: DAKE 2 OF R B 77 3, A B B AR v
BT LR FAHAT T RGBT, DAL
B HUR AR W T A A 7= R TR FH T I 1)
I K A )

1 #REEE
11 ftRS
B SURIE (S-AC #hE) , Mt &

BEBE A BT A w) $& 4, HR) 3 35 0 2 oK
Ostrinia furnacalis (Guenée) Y, 2011 4 8 H R4,
TRIG T 4h 5T FH BT A E i 5 IR U ZE 26°C, RH
75%~80%, 4= RIS NIEE 3 4K,

12 MEAFRREFTFFSFEAR

DLl O 55 B FFE AR 4% 10 10 [ LRl 7E
26°C, RH 75%~80%, 4RIt 0%, 8 h
Ja 2B, FAEUNARSIRT IR 400 96 1 144 h
JEBEALARS 10 RIERAf e A, HILP K 3
By, RN 104 13 F116°C (RH 75%~80%, 4>
RIS FEEFE, 10 d JERERE 3~4 d HUH 3x3%30
P2 AR ELRIZE 52 K, HUHS IR DR SRR BN /N B,
B (1.5 emx5 em) , 7F 26°C, RH 75%~80%,
SRR A R RS IR 12 d, RSB PR T
AACEE (1981) MIbRHE, 23 AL 2 - ic 200 T
BRI E MR FETURECR AR AR, AR
P AR £ S0 (2005) HI7T S %,

1.3 MERFREFERRRETAR

131 P EHEXRMEERFTERUE KT
10°C A1 13°C Fifs 33 8 1 %5 A FEA B 23 BN
1. 3 M1 7°C R4, & 10 d B 100 k0, N
PR (8 emx10 cm), BT 26 CHEFRATM
AL T (RH 75%~80%, 42MBI%), 4F 24 h W5¢
— UK, WP, R LRI g e R
SRR ( DU S T E S
B 5 LU BRI Ee A T ) R ST
JE o M HEST R =10 3 d PIE sy T A R Ak
14%7x100.

1.3.2 AP HEHME KA 10CH 13
CHRHFH B T EFERIN RN 1. 3 1 7
CTRAM, B30 d B 60 K, RN /N3RS
WE P (1.5 emx5 cm), BT 26°CH;FE50 s Ab
i (RH 75%~80%, 4=fBKG), £FHOPIAk e
B Gt B BRI A AL

14 HEFRITS5LE

FH Excel2003 F1SPSS 17. 0 24 v 1 4k 4k 34T
$dh b ¥, I+ SPSS H1#) One Way ANOVA



14 FMAR A R RN

WETT VB S SRR 2 A 5 47

HEAT BN 27 254981, Duncan  FGH &A% 2533k
T2 HEILE, BCATFEAR A0 56 HE AT AN [R] oo £k
2= L

2 HREQW

21 WMERFREFEEISREWNR

26°C K557 40 h, FAEHURIRIE R B 2/
A, ST 10°CHN13°CHESE T 10 d H B
B, HEERRK, 208 33.57%FH
20.55%, WA A5 S REK, fF B R E i
b, 5519 dWE FEF 60%LL E, 31 dWE
FRIKB s E, 20008 100%A1 99.12%, 2 5
FFLE 90%LL Is 16°C FiELAES 13 d WIS
T, WE R 13.49%, BEEWEF SR IE
Ko, WA RZEWBIN, (HR 2R ERR KO,
W FAE 50% (F 1D .

26°CHiFE 96 h, #a T HIRIRIE K & #1°2 4A%)
A, HAT 10°CESES 10d HIL12.22%
(I3 B VO, 56 20 K B Rk 2 81.54%, ZJ5
WE RAREEAE 70%LL 1, B EREsiRK, #
34 K 8 RIS BB, M 92.69%; 13°CiEL:
7S 10 d I 5.06% 15 & T, 55 20 KiFd
FIKE] 67.32%, ZJah 8 FRFEAE 60%LL I,
B EREshK, B 34 RiE XHEm, N
94.36%; 16°C FH57% 10 d FRIRIGEA ML, A
Rl Twma (KD .

26°CHEFE 144 h, FAEHIRIRIE K 2
BE, MRETNHETWE, AWM IR
PR E T, A E R 0.1% (KBl 1) .

B HUIR HIR W8 D/ %) 21 0 11 25 L A& 34 g
FPIE , HUUNEY B 3 A SO el A
7] & & B BRI R B de R IR A AN ) S0 R
P B R RIMA, ALl 10°CIH FhE %
Rflf, RAAKRE, T 26°CHFE40 h)E, HA
10°CHI 13°C NH5FE, BIREAS BB UT I3 B A

ol gL 31 d MW E S, T du R G i
HRIIAF] 100%F1 99.12%, WA TS
BT BE 2R (=1.892, P=0.068) .

22 MEAFREFEBRRFEAR

221 HEFSERERBEREMNLERFRE
P HERFIHERTENER e 5 SEE
R o 10 gL P 6] A B HU iR R e A Ik i &
JIT i W TA) R S5 i 6 i 1R P A0t e S B A7 AR R
P (& 2), & 10CIESFHF AR, £ 1C
AR I, WEE 30 KIFLAFIL i, P
R Ky 57.69%, 5 60 R PIAL H IR I ey
IKE] 95.24%, BHAE AR ZEK:, 2RIk g
BAAR, Y29 120 d J5 PHALH I6R ) 68%, 137K 150
d J5 P4k i R PR R 23.33%; 45 3°C R AN
AW, A 30 RIFU P g, Pk g
H934.48%, 55 70 RPIML IR d5 R, 4 51.61%,
B 5 BRI, VAR 100 d i PG H IR BRI 05
e 7°C AR G, WA 50 RIFUHPILH
e, (HPME I RER, XA 10%, 5 70 KM
i v, R 58.06%, B JE FRAK, ¥ 90 d
S PIE R BEAR A 0.

Z 13 CE T B, £ 1°C PG
W, MEE S0 RIFUEFIE HIE, P g RN
15.38%, £ 60 RPIb iR i, b 82.14%,
BEE VR I TR AE G, Pk R A, VAR 120
d J5 Pk i R R 50%, ¥ 150 d JE P4k
Hg R B F 33.33%; £F 3°C AR I A I,
M 30 RIFUEAE D =Pk, Pk R4
3.45%, 5 60 RPMLHIEERIAT] 43.10%, 5
BAR, YA 90 d J5 b g R BRI A 05 £E 7°C
AR E K, AR 60 KA 70 KAT/D
=L, PR T 10%.



N B 23 Chinese Journal of Applied Entomology 2014, 51(1): 45-52. DOI: 10.7679/.1ssn.2095-1353.2014.005

100
90
80
70
60
50
40
30
20
10

0

i 8 # Diapause rate (%)

100
90
80
70
60
50
40
30
20
10

#7 2 Diapause rate (%)

100
90
80
70
60
50
40
30
20
10

8 2 Diapause rate (%)

10 13 16 19 21 24 27 30 34 38 41 45 48 52

144 h

17550 B B E] Exposure period (d)

—O— 16C —&— 13C —{1— 10C

* REIH: EERRHESERITIE (2012BAD19B04)
*EIE#, E-mail: luxin58@163.com
Wk H 3. 2013-10-08, A2 H: 2013-11-06



1 #

FMAR A R RN

WETT VB S SRR 2 A 5 .49 -

1 REBRS.

REE B IESA AR E R IRRER B XN

Fig. 1 The influence of age, temperature and exposure period on diapause rate of Trichogramma dendrolimi
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Fig. 2 The emergence rate of diapausing Trichogramma dendrolimi after cold storage at different temperatures for
different periods
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10°C and 13°C are diapause induction temperature, 1°C, 3°C and 7°C are cold storage temperature of diapausing prepupae.

10C-1C indicate the treatment that diapausing prepupae inducted at 10°C, stored at 1°C, the same below.
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Table 1 Emergence synchronism of Trichogramma dendrolimi post diapause termination
: . ST (%)
A7) (dD Emergence synchronism
Storage period

10C-1C 10C-3C 10C-7C 13C-1C 13C-3C 13°C-7C
30 95.00 90.00 — — — —
40 100 100 — — — —
50 100 100 100 100 100 —
60 100 100 94.44 92.86 100 100
70 100 92.00 98.70 100 100 100
80 100 100 100 100 95.87 —
90 100 100 — 96.43 100 —
100 94.87 — — 1 — —
110 100 — — 1 — —
120 100 — — 94.11 — —
150 95.00 — — 90.00 — —

i — FORMAAE T IERA T LRI PIAL i

— indicates no wasps emerged from Antheraea pernyi egg.
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Fig. 3 Number of wasps emerged per Antheraea pernyi egg after cold storage at different temperatures for different
periods of Trichogramma dendrolimi post diapause termination

B EXC A ne

The digital indicates sample size.

RIS, X4 PEER A KRR BN T %
BT MERE, oA AR KR E N
FUBAL R, )2 JE K T i 1 0 28 1 42
BT —FhT AR (2RSS, 20105 EHE,
2011) o FABHIRHR S —Fhop %5 2B, DIFE
AP oh 25 LT AR EH AR B R 2
FFHiia Ak by, ERILA 7 3 bR & 1F
HAHEEE L,

6 JE SR I T S S i B U ) O A
R CEWREZE, 1999) , fEFRHRIG R R 3
BUE T A8, 9 & s CRE 75,
1992; Ivanov etal., 2008; Reznik et al., 2011;
TSR, 2011), WEETE AR R I E
B E N GKHIZE, 1994; Reznik ef al., 2008),
T A IR 45 A 7T A5 5 K 22 B0 IR e 30 N 3
B, HIE 3 AR PR AR TR 20 RN 25 = Fhk
R IUANE] CGREAEE, 2009; Ventura Garcia
et al., 2002) o ANREE LAAE A B o4 B0 27 A2 (R F
FHRIRIELE 10°CHT 13°C MER;FE, Bhes
PR IF IO E BOR, 26°CH £ 40 h 5, #A 10
CTHI13°C FELLES 31 d, WEFIA 100%F
99.12%, PRI/ BE NI B R AL R E 2=
(+=1.892, P=0.068) , 55K 314 (1994) K& Ma F
Chen (2006) [T 45 AR .

AR W PR 7 PR 2 Ok T, DA BN B0TOT 4 A
WU, YnT s R IR T ORI 5E, 1992;
RYVFAAL, 2003) o AR, 7EFAE HURIR
W (1) AN TR) A 7 0 BB KT L 30 AT 4R 488 1A A i 3
R IL S NHF A HUL/NGI B4R 5 5 5 &L
B, RIS e B BRUER, AIF
KRB W B TN A AR IR G R ]
REAFAEZE 5T, Kb T4l Huh RN 22 &) H s 1) AR HIR g
B R, W TR NSRS, 4k
SR

HENHEE RS AR I, 2L it — B )
PRI R SE S B K E, WBREE . W5
HEAEAZ ]RIE Lambdina fiscellaria 5P 150Nk
I T2 minutum, ILWFE K E 775 2°C F I 28
d A fe5E % (Laing and Corrigan, 1995) . | /Rl
I T. evanescens {F 3 CARIEYA R 3 A~ H ol HFE
KRBT E, JERS RGP R R,

1992) o A A B HIRAR S ARBR I & 1 %, B
U A DR o« ARG I T AR R 55 S
B A B BRI I AE AN [R) ¥4 L B2 1 &
BRI TE], DAACPIAb H e L H e 3855 R R B B 1
BRI 4 BN TH) TR AR A I 00, &5 SRR B B 5
T S R 05 1R ek it 8 6 A B R AR IR e A Ik
il IR A A= SRR A ] S P
R, BARKE, £ 10C N AT E A
BT 1C R ARG B d 7R IR A 5 it & BT 75 1
R dpc R, P e R R B O G T ey, BT £y
170 BLAPE RYA0 30 d TFURPIE i, A 60 d
PUE g R TL R 95.24%, A 4 DA RSP
WEANAE 60%UA F, FRONH RS T 50 k.

zg LR, WA HRIR B B S 4
HRFEEE 26°CHI R 40 h G, BN 10°CIE ST
T 30d; AR AR A N TCAREEAE,
HAEAFIIAREEIL 4 N H, 647 60 d IR0
e 2 L O e e

SEZ ik (References)

Ivanov MF, Rezinik SYa, 2008. Photoperiodic regulation of the
diapause of the progeny in Trichogramma embryophagum
Htg.(Hymenoptera, Trichogramma): dynamics of sensitivity to
photoperiod at the immature stage of maternal females. Journal
of Entomological Review, 3(88): 255-265.

Jalali SK, Singh SP, 1992. Differential response of four
Trichogramma species to low temperatures for short term storage.
Entomophaga, 37: 159—-165.

Laing JE, Corrigan JE, 1995. Diapause induction and post- Diapause
emergence in Trichogramma minutum Riley (Hymenoptera,
Trichogramma): the role of host species, temperature, and
photoperiod. The Canadian Entomologist, 127(1): 103-110.

Ma CS, Chen YW, 2006. Effects of constant temperature, exposure
period, and age on diapause induction in Trichogramma
dendrolimi. Biological Control, 36: 267-273.

Reznik SYa, Vaghina NP, Voinovich ND, 2008. Diapause induction
in Trichogramma embryophagum Htg.(Hymenoptera,
Trichogramma): the dynamics of thermosensitivity. Journal of
Applied Entomology, 132(6): 502-509.

Reznik SYa, Vaghina NP, Voinovich ND, 2011. Maternal regulation

of  Trichogramma embryophagum  diapause photoperodic



* 52 N H B 243 Chinese Journal of Applied Entomology 51 4

sensitivity of adult female. Journal of Biological Control, 57(2):

158-162.

Ventura GP, Wajnberg E, Pizzol J, Oliveira MLM, 2002. Diapause
in the egg parasitoid Trichogramma cordubensis: role of
temperature. Journal of Insect Physiology, 48(3): 349-355.

WK<, TRV, ZRIEP, 5K, 2005. FIRIFE A 5N BRI R 0
AR M O E VS T ORI B R e % AR, 48(6):
903-909.[GEN JH, SHEN ZR, LI ZX, ZHANG F, 2005. Optimal
stage and temperature for cold storage of Trichogramma
dendrolimi reared on Antheraea pernyi eggs. Acta Entomologica
Sinica, 48(6): 903-909. ]

WA, BB, SKRFER, 1999, MiE UK E 5 SREE. IR
AR, 10 (1):60-62.[JIANG MX, XIE LQ, ZHANG XX,
1999.Characteristis of diapause induction of cotton boll worm.
Chinese Journal of Applied Ecology, 10 (1):60-62. ]

FEWE, ARUTT, BRITYE, SREE, Ib.F A ME AR RS, B BT A
RARHE, 1992, IG5 3 ARIRIG R 53 IR, BIUR
1, 14(3): 117-125.[L1 LY, ZHU FD, CHEN QX, ZHANG ML,
SHLIACHTICH VA, GRCENBERG AM, 1992. Trichogramma
SPP diapause induced by low temperature relation to host.
Natural Enemies of Insects, 14(3): 117-125. Acta Entomologica
Sinica, 14(3): 117-125.]

TE, TR, BTz, XME, KT, 2008, AL
i A I O B R R T IR S . R AR, 51(6):
635-639.[LI WX, LI JC, LU ZY, LIU XX, ZHANG QW, 2008.
Critical photoperiod and sensitive stage of diapause induction in
Microplitics mediator (Haliday) (Hymenoptera: Bracondiae).
Acta Entomologica Sinica, 51(6): 635-639.]

AR, JRALAR, BRZCEN, 2010, A4 DN 1 X B A e B (K R ).
RN, 47(4): 638-645.(L1 YY, ZHANG LS, CHEN HY,
Effect of biotic factors on diapause of parasitic wasps. Chinese
Bulletin of Entomology, 47(4): 638—645.)

XUBEAE, BEALAE, HEHIL, (R4, #A% dUR IR IR R 2 Y22
PEMILLE ST V. XA 199455 3 M. AWy ik w4,
10(4): 145-150.[LIU SS, SHI ZH, SHAO MIJ, HE JH, 1994.
Comparative study on the biological characteristics of geographic
populations  of  Thrichogramma  dendroliml [HYM.
Thrichogrammatidae] in china V. response to diapause induction.
Chinese Journal of biological control, 10(4): 145-150.]

BB, A, RE L, XA, R, T, 2005, BRI
ARG )™ IR AR ST SRR, 30(3): 6-8,
28.[LU X, LI LJ, ZHANG GH, LIU HW, WANG YZ, DING Y,
2005. Study on temperature storage in industrial production of
Trichogramma  dendrolimi Masumura. Journal of Jilin

Agricultural Sciences, 30(3): 68, 28.]

AR, PRI, 2005, P I RAR i AL B ORI I B 15
SR, MY, 32(2): 174-178.[MA CS, CHEN YW,
Effect of alternating temperature and time on diapause of
Trichogramma dendrolimi, Acta Phytophylacica Sinica, 32(2):
174-178.]

Fl, HAL, 2003, H 8B SRR i  EST. b AROl BRAE,
7(1): 22-26.[SONG K, ZHENG L, 2003. Study of the
diapause of Trichogramma brassicae. Journal of Hebei
Agricultural Sciences, 7(1): 22-26. ]

INSFEE, BRI, 484, 2009. [k EC MG /N T A S
BlEKE. BRI, 52(12): 1307-1311.[SHUN SH, ZHAO
LW, QI JY, 2009. Diapause induction and post-diapause
development in  Chouioia cunea Yang (Hymenoptera:
Eulophidae ) . Acta Entomologica Sinica, 52(12): 1307-1311.]

EAAE, ERHSL, ER R, B, 1981 4 R I g
Trichogramma dendrolimi Matsumura MAEKR & SR KR,
BT, 2: 317-326 [WANG CL, WANG HX, WANG YA,
LU H, 1981. Studies on the relationship of temperature and
development of Trichogramma dedrolimi Masumura. Zoological
research,2:317-326. ]

A, RALAE, BRECEN, FEEHE, dkih, 2011, Bldum BRI R,
RRY", 37(5): 27-33.(WANG W, ZHANG LS, CHEN HY, LI
YY, ZHANG J,2011. Research progress in diapause of the lady
beetles, Plant Protection, 37(5): 27-33.)

gk, SRALZE, BRLLED, ZEERHE, £, 2011, FRIRIERE A5
HERE. FORBHBCBHT 59 B2 b A —rh R R 2 2
2011 4E2RAESs. JRJN: 325-333. [ZHANG J, ZHANG LS,
CHEN HY, LI YY, WANG W, 2011. Research progress in
diapause of Trichogramma SPP. Plant protection science and
technology innovation and pest control professional —

China society of plant protection 2011 annual conference.
Suzhou city: 325-333. ]

kI, TR, Mk, AR, 1994, FI G 544 T dURIR %
W B AW YRR K223, 25 (3): 254-258.[ZHAN J,
WANG JL, YANG CC, CONG B, 1994. A study on the method
of inducing Trichogramma dendrolimi Matsumura into diapause
stage . Journal of Shenyang Agricultural University, 25 (3):
254-258.]

TR, M6, KLICHE, BriKAR, 2009. FRAREEH A 5T N A
R, HMARRI, 34(1): 29-33[ZHANG JJ, SUN GZ, DU
WM, RUAN CC, 2009. Review on researches and utilization of
diapause of Trichogramma SPP. Journal of Jilin Agricultural
Sciences, 34(1): 29-33. ]

RUTT, RIS, ARUTTE, 1992, [ ARARMEHE KO AR
EHURH, 14(4): 173-176.[ZHU DF, ZHANG ML, LI LY, 1992.



Ll FMAR A R RN

H S IR A

© 53

A study on the dipause and cold-srorage technique of

Trichogramma evenesens. Natural Enemies of Insects,14(4):

173-176.]



