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Effects of short-term heat stress on different developmental stages of
Callosobruchus chinensis (L.) (Coleoptera: Bruchidae)

. ek . . . kK ke
ZHANG Tian-Hao HUI Qin ZHAO Yi-Tao ZHANG Xian-Hong
(College of Agriculture, Shanxi Agricultural University, Jinzhong 030801)

Abstract [Objectives] To illustrate the effect of temperature on different developmental stages of Callosobruchus
chinensis, including subsequent development and reproductive capacity. [Methods] Different developmental stages of C.
chinensis, which had been raised at 27 °C (the control temperature), were exposed to higher temperatures (30, 33, 36, 39, 42,
45 °C) for 3 hours. [Results] The hatching rate of eggs, pupation rate of larvae and the eclosion rate of pupae significantly
decreased with exposure to higher temperatures, but exposure to higher temperatures had no significant effect on the
subsequent development of eggs and larvae. Larvae were more heat tolerant than pupae having a pupation rate of > 90% after
short-term heat stress, but pupae also had a relatively high eclosion rate after exposure to 45 °C. However, adults that emerged
from pupae exposed to 45 °C had a significantly shortened life span and reduced egg production. There were gender
differences in the heat stress tolerance of eggs, larvae and adults and short-term heat stress also had a significant effect on
fecundity. Average egg production was 32.30 after exposure to 45 °C, significantly lower than that of the control. [Conclusion]
Short-term exposure to temperatures above 39 °C have a significant effect on the hatching, pupation and eclosion rates, and
the sex ratio, of C. chinensis. Exposing pupae to heat stress decreased the reproductive capacity of adults.
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18 Calliptamus italicus #7745 B i iR AL B &
B, ok A P e A AR AR AR
(2017 ) WH5E B, JA i iR 4% 5 % Apolygus
lucorum F1 1 22 H % Adelphocoris suturalis Bl
WP 25 RAETE R AN R B ) B B
Wi ; K K| Laodelphax striatellus 738 BT L i
L A ™ B9 e i 30 ) s T, 2 0 R
30 °CHY, WgH A kd H A5 k= op (k2 RAE,
2008 ); Wi4F/M& Encarsia formosa [ 77 B g 1E
26-32 °CH B I B2 (1) T sy 1 AR (RS
2011 ),

437 4 Callosobruchus chinensis & — i 7t
PE AT AR dL, ZRFENEST | LS
GO PHEYIFNF, 1RO E LT . BRI
CAf L T2 0B IR A LA AL 27 25 ) B 2R O &
(Nicholas et al., 2006; R, 2010), FEHLK
Zi5RE . AEFEAEENE A R (AR,
2010), FHIEL4 ., AR, AKTHIbIRkE
TEJEE

e i 1 3R s 5 e B P PN B R R i)
AR KT AT, SR, RAER
N YIS B2 AR AL, TRAK SRR, 51k
RAKRABIK, SEHIIET: (Henry and Prange,
1996; Gibbs, 2002 ); [RIFT, it 25 R
TR R A 2 (SR, 2018), AT
R/ I Rk, ENIMFZE C T
T e il R U T BB AY (SRR kA
2011 ), B HE B I ey Yk 6T B L BOE R 7 ( Wright
et al., 2001; Boina and Subramanyam, 2004;
Wang et al., 2004 ), J& 9 52 v i -5 N e il
FET R RARKETNZEN (LR S AR,
2013; XU, 2016 ). hBEEXT B HUPPHESE K 152
M (XN EHESE, 2016 ) 5%, Zhang 5% (2014 ) Xt
Se@E g Harmonia axyridis B 37476 it i TR
WG R, SRR T O R L3, X H
4y ORI A & B D0 L g A A R I L A
FREREA L RS AE T WE R . AT, AKX
FHRAT SR TR AEK LB I C A HGE ( E52m
XKk, 20115 FrelsEsE, 2013 ), (HATRS R
XRG4 B SO R B A K5 BEAH 1 52 R

PIARIAGE . A, A IKE 0 = I A P ek a4
A SO m A RO BT TIE , B 1R
FERLIN R R Sk ELRAYSEN , Ry e B A O ik
SRR

1 #MR5ERZE

L1 R R

P 2 T4 i 1L P ARV R 2x B U S SR
FEEIR, WIREE R (2741) °C, HXHEE K
(70£5) %, YGREEFE] LA 8L @ 16D,

1.2 SKBHE

1.2.1 ERERAIEIN. 414, BN RIREK
EBENE FPML 24 h WS T LR EET
WA E T, F 27 CIEERFE, 24h )5
Phikf 1-2 KiBPILR G, RAF A B EFTION .

P SCHk i IE (X)) B #MESE, 2016; Rameswor
et al., 2017) FIfUREEE R, FE - )E 1-6 d
RO, 7-12.d R 12 @B H, 13-18d 2y 3-4
B A ], 20-25 d NI KA BRI AE S E
TSI, S35 7005 1A ), 13 d( %)
HHA). 23 d CHHEE) SEATRIRAL TR, AbPEIE R
I3 30, 33, 36, 39, 42 i 45 °C, LB}
K3 h, MEET 27 CHFHIREETE, UASHE
TP B S S 4 IR, AR AEEE 3 R
2, BAEE S0 RN,

PP T A S, SRR WS Sk 4 51 (1)
RGN, GeitiefbR; 08 25 d J5HFLG, & 24h
Bt 1 KPRk T G MR R A E, IR
Bk 5 X HEAT AR BRI A o PR R
gt B, FRRHIRSE R, Gt P
MCE, THERIR AR AT .
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N7 BVEERS B R SRR, 27 °CHkLLTH
7%, 7T 0 h 1 6 h J5 3 HA TR Rk r 41t
WA A 24 h Geit 1 k. FRfT A R & AET )R,
Gt e

1.3 HESGITS I

8 1585 SPSS17.0 X R AT 44T
XoF AN [) i B A B 2 ] iR fb 26 | fRiR | P4k
R MEHEMERI L . A R I T R R O 2
M1, SKF Duncan’s ;50301722 55 B & 0T o

2 ZREHSH

2.1 EMNSELBERIRIIMHEBURERGH
SRR

T T v ik Ak B 2 15 52 O X LR AR B LS
AT IR 1, 2% 5 00 i Ak e b b PR
Y T 55 B F AR (P<0.05 ), 45 °CAb3HS i 5P i
ERAUH 81.33%, XTI (90.06% ) 225 3%
(P<0.05); 42 °CALHZHRHE RN 82.00%, 5
MR ZEREARE (P>0.05), HEEKT 30 °C
SEFRZH 93.90%, MAh, ANFENREEAIES, fhi
PR | R E DA R A S 6 IR TS
BEZR (P>0.05), UL, B9HARY &R
SRS O G HL L S AR R AR | e o
Y i A 2 R {E N TR A T R 2 i 2
M Ak S5 B A 51 L (P<0.05 ). 4530, 33 Al
36 CCAbHRJE , Bl i) e b AR Fe 25 B2 1
1, 50 (1:1.15) Z2HA8E (P>0.05);
MZ 42 °CHI 45 CRiRAbs , s 5] L D
EFHE (P<0.05), 43 llik®] 1 : 1.24 A 1 @ 1.42,

22 ERSELEZFERHINELGHESH
F M

Jot B e i Ak PR 2R 5 2 &y AR L R S AU )
ML 20 MACPEIREEE 30, 33 Fl1 36 °CHY,
LR IR Y E T 97%, SXIEER AR E
(P>0.05); BlA WAL TR, HALERIT 4G
B EAIG, HAbFHR B B 42 °CHIl 45 °C,
41 AL R0 51 93.04%F11 91.51%, 835K
TR LI 30, 33, 36 °CACFHZ ., B4

T Ak AT O I 4 P4 | AT S | A A
P L K™ B 34 JC R 2E 2 (P>0.05 ),

23 ANSELEKERBMHEPAURFERTS
HIS N

¢ 3 AT, e sl sy iR A B Ak 5 G i o L3R
5 K il B HR A R D R A A S S, (X
HARFINICEE#m (P>0.05), 4RELHH%
30, 33, 36 £139 CAbRHJG, HOPMERSEERE
98%LA I, MAFRETE R 42 °C, HPMER
BERE 2 92.23%, WEMLT X (P<0.05), i
JEAREE TR E 45 °C, HPMLRFE—L T EE
85.06% , S ZATAABAY AR R EER
(P<0.05). AT UL, MG T 42 °CHT, 4GHf 3 h
o T R 2 X B 8 SR AR = A AR RS o RIS,
e TR AL TR G £ 5T G M e 1 ) B A — RE R
42 °CHI 45 °CAbFRLH A 5HPIAb 5 , M 531 e 43
W1 128 A1z 1.35, SXPMELE (1:1.13)
TEES, HRERT 30 °CH 33 CLRd
(AR50 12 1.03 F1 1 : 1.05), Heah, iR
b FRRE P I 1) 2 2 S 2 B 2 (P<0.05),
H A A= o s A Rl R B TR R TR, A
X LA B2 (P>0.05 ), 25 42 °CH145 °C
Ab B M B R ) A 430k 5.53 d F5.33 d,
FART 30 CAbIHAH (6.40d); 39, 42 F145 °C
Ab FRZH BAME P DR B 43 0 32.73 kL. 33.27 LA
29.27 ki, WEMLT 30 °CALFHLZH ( 40.93 %7 )( P<
0.05 ),

2.4 FEREEIRE R HEERME

R AN 2 PR G R ST BIBE T, it
AR AL 3 h )5, SR ELRMERE R B AT

S5xtBICREES, BN 100%; B Rt
HAEMAMEIERE 1w & (P<0.05) (£4),

i A 3L 3 T R, o T G A R T ) S R
LT RS, H, ERZEREmER, &
39,42 F1 45 CAFRJ5HAFAr 3k 5.20. 4.60 .
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FirE A, e R O e B A BRI A T AR AL
239 42 °CHI 45 °CAbFRA = Op 435K
37.40, 37.00, 32.30 %7, SXJHE (44.80 %) 2
S HE (P<0.05),

F4 ENSELENETRBBES RIS

Tabla 4 Effects of short-term heat stress on adults of
Callosobruchus chinensis

IR (°C) MihFFay (d) MERFEdr (d) F=ope Cki)
Temperature Female lifespan Male lifespan Egg production

CK 6.70+1.34a 6.70+£0.95a  44.80+6.02a

30 6.50+£1.08ab 6.20+1.03ab  45.30+5.01a

33 6.00£0.94ab 5.90+0.99ab  43.10+1.98ab

36 6.40+1.17ab 6.20+£1.69ab  40.20+4.42ab

39 5.80+0.92ab 5.20+0.92bc  37.40+3.60bc

42 5.204+2.30ab 4.60+1.78¢ 37.00+6.49bc

45 5.00+0.92b 4.20+1.75¢ 32.304+2.51¢
3 tig

Zhang 5§ (2014) WF5RERW, FEIE H.
axyridis FEITE 37 °CUA L Ab 3 1 h 5, MY
FAR T U0 AR AR, 3B X L4 BRI 5 % B DT
W1, AR | PRSI . . ORI O
SEpR T WA, ARG REN, S 40
2% 42 °CH1 45 °CriiAb¥ 3 hJm, A0 B )5
AR ) H A R A5 MR, X IRk I 8 %0 R
WA % T B S ) 2 A B A R R
A DLASTR) R HR O A i Ak 22 AR K

PkiE, MARIRE AR E—RER, s
SRR RN KER K, FEBUKTPHERIE, H .
K. Ca™" | W AR W T A, BBIETHE,
T A AR N FRBE AT, X B s A BRI (B
R, 2015), [y, WEFESEEAR . ZR
ST FRBNJIsERe R K, S E R JIRRIR, B
KPR, BRI 1 BE TR, 25 ]
P52 J M oA T RETE5R( Jaenicke, 1991 ; Somero,
1995 ) £ FA DI RE Y 2 2 I 23 52 i) [ L 1 1R 5ok
FIACHE R (MK, 2018 ), 4l Neven( 2000 )
5T, S5 0% Cydia pomonella e 44-48 °C
SAF PR R TR, 2 5 RIS RS 25 10 H IR
FKMET, ABSBOET; BRI (2016) K3,

S Z R ik Athetis lepigone 2l L 7E 35-41 °CF,
Wi 5k v AL B ) A, A TR 3R A7 3 I
SR, ARG X ARG 4 2 W4 kAT 39-45 °C,
3 h R AR Z B, SRS FESR S LY
HPAENG TR, X AT B2 T i i A B A IR
TG R REROKEE, Wl el T ik
i TG RAFIRAVER], SRR AA R TP
¢,

ARSI, Gk TG 28 B e i A HE
S, HMERE R . HER IR R E TR, X
IR 5 A (2017 ) Hr B By ke i s i 2s
g R C. italicus BB . FRAG
R R B eSS (2016 ) HRIERY 35 °Crailfia g
S0 S 12 5 LR BB ) 1 R 3 R e A Y
GER 3, AL, MR B AR (2016 ) A5
F U, M E R R AL FE 4 4 % Oryzaephilus
surinamensis ¥ HL 2 X H BT 7= B ) A0 S5 1 A
K2R, AR i e i 2 S (LR AL 2R R 0, A
WSO i IR AL P S i 2 7 5 i e AT T WK,
PRI IE A 5 i B s IR AL B ol R A 2 ) R — AR
B P I Ak 8 B4y T AR I A R i — PR S

Rameswor 4§ (2017 ) #5335, IR
FER T 39 CHISX e G20 kR - EMEIE
M, SBOLEFER , A8 39-45 °Chy
3 h AR ER XA T % AR R B T R
NATES A RS r U ESES =R T PO S Ik Iy A =il
SR, T E R R AN B B A
GEFRI, — S0 B B A SR BB s Bl I
oA e TR R v iR AR R A 22 TR, GRSk
4B Danaus plexippus 1. 3. 4 4 HUEAIE K |
F TP KA Metopolophium dirhodum i H i
iy R B E ) B AR v R R S R A 1
Z M 4% ( York and Oberhauser, 2002; Ma et al.,
2004a, 2004b ), {HJEHAVEH S iR X E G R0
S QA i — PR

HRFKNE— e FE R Lo FL bk, /i

AR FE K, W E RS =R AR
(Levins, 1969 ), £t5E GAE —Fh/NE g 2
W, BRSBTS SZ PN B 2, (HIR G4
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AR WIER G 5 HA BRI HPE , XA 68 5 =il
il T e R ARG A I (Heat shock proteins,
Hsps ). #BEALYE LEG ( Superoxide dismutase,
SOD ) S AR R ILE FIRAC, Wil
B2 HH T 2% O 2 4 RURU AR A7 T RN, k3R
IKITZE NG, T Tk BE AR
LRI, A [m] B HEAA A (6] 0 P s ke e AL

i, X EA VG A AR R A, AR T
PEYeta R X 5% 2 B3R JE ( Erickson and Quintero,
2007; XIENARSE, 20105 XG4, 2012); *f
TG R By, HME e E T iR % H
(B4, 2016; SFardk, 2016), (HARE
fal APk PesE AL, AT REYS S transformer |
transformer-2 F1 doublesex 4 5[] (1 2 ik 1% it A
K (XHERESE, 2015; SRk, 2016), B4k,
T ANPREEIR BE | A B A AE IR R A ) i 2
B A M s 7 AR s e ( XIDHESSE 45, 2015 ),
FRATH RIS R W, 28 % ek e YA %) 4t K2 52 B R i
PSS, BCR R SEREE S B T 22 .
T HHTA RS G 0 PSR E DA R AR
PAR] 0t B T S ) L 552 i) %) R B R D TR A
2P
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