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Effects of short-term exposure to high temperature at larval stage
on the development and fecundity of Assara inouei
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Abstract: [Objective] To investigate the effects of short-term exposure to high temperature at larval stage on
the survival rate, development and fecundity of Assara inouei. [ Method] Neonate larvae or mature larvae of 4.
inouei were exposed to high temperatures of 35, 38, 41 and 45 C for 1, 2 and 4 h, respectively, and the survival
rate was measured. After neonate larvae or mature larvae of A. inouei were exposed to high temperatures of 35,
38and 41 C for 1, 2 and 4 h, respectively, biological parameters of developmental duration, pupation rate,
emergence rate, male and female longevity, number of eggs laid per female and egg hatching rate were
investigated. [Result] The survival rate of neonate larvae decreased gradually with the increase of temperature

and treatment time. The developmental duration of neonate larvae was shortened by 35 C treatment, but the
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developmental durations were prolonged by 38 and 41 ‘C treatments. After mature larvae were exposed to high

temperature for short term, the pupation rate, pupal weight, emergence rate, oviposition period, female longevity

and number of eggs laid per female decreased gradually, and pupal duration prolonged gradually with the

increase of temperature and treatment time. [ Conclusion] Neonate larvae have higher adaptability to short-term

high temperature than mature larvae. Short-term exposure to high temperature has significant effects on the

survival, development and fecundity of mature larvae of A. inouei. The results reveal the adaptability of A. inouei

larvae to high temperature, and provide a scientific basis for predicting the population dynamics of 4. inouei.
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Table 1 Effects of short-term exposure of Assara inouei larvae to high temperature on their survival rates

iy ] (b3 /h TE 15 3/% Survival rate
Developmental stage Treatment time 32°C 35°C 38°C 41 °C 44 °C

I 41 1 100.00aA 100.00aA 92.62aA 52.14aB 0.00aC
Neonate larvae 2 100.00aA 98.56aA 89.82aB 20.39bC 0.00aD

4 100.00aA 88.32bB 72.14bC 12.14cD 0.00aE
Z A1 1 100.00aA 100.00aA 100.00aA 82.25aB 11.80aC
Mature larvae 2 100.00aA 100.00aA 100.00aA 67.62bB 7.51aC

4 100.00aA 100.00aA 91.57bB 45.27¢C 0.00bD

1) AR kBRI 5 486 R R DN B TR TR R AR R A R £ 5, RUATRIEE R R KB FH A F R R R R A S

# % +(P<0.05, Duncan’si%)

1) Different lowercase letters within the same column at the same larval stage indicate significant difference among different

treatment time, and different uppercase letters within the same row indicate significant difference among different treatment

temperature (P<0.05, Duncan’s test)
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Table 2 Effects of short-term exposure of neonate larvae to high temperature on the larval duration and survival rate of

Assara inouei

(AL FE)/h & B Pi#/d Larval duration TEIE /% Survival rate
Treatment time 35°C 38°C 41°C 35°C 38°C 41 °C
0(CK) 17.56£1.97aA  17.56£1.97cA 17.56£1.97bA 68.24+2.68aA  68.24+2.68aA 68.24+2.68aA
1 16.32+1.52aB 19.16+2.43bA  20.19+1.09abA 64.38+4.51aA  40.06£2.47bB 33.35+1.02bC
2 16.08+1.34aB  21.25+2.30aA 19.83+£2.12bA 53.7442.34bA  37.83£2.39bcB  26.77+2.11cC
4 15.69+1.21aB  20.84+1.23abA  21.74+1.34aA 48.86+1.78cA  34.51+0.76cB 22.24+0.64cC

1) A PRBEAFHME £ AELE, SR —AH, BSHEERR DB FHATRELZERAEREEZF, AATHIESE AR X
B Rk R R FIRE ] A4 R F £ 5+ (P<0.05, Duncan’s %)

1) Datum in the table is mean + SE, for the same parameter, different lowercase letters within the same column indicate significant
difference among different treatment time, and different uppercase letters within the same row indicate significant difference among

different treatment temperature(P<0.05, Duncan’s test)
W 3 2 ) T v AR AL B W) ) S G, e ek SRR

WS 2y H R IR A7 S RO T IR (R 2) . Ak ER I (]
(F=102.673, P<0.01), J&J¥ (F=26.756, P<0.01), i /&
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Table 3 Effect of short-term exposure of larvae to high
temperature on the pupation rate of Assara inouei

55 QLB (] 1) 52 BN (F=6.090, P<0.01) X % H 4b#E Treatment L3 %/% Pupation rate
IR R ELW. 4 4 h )5, ¥R R A P S
2R 35 °C ) 48.86% [&F 41 °C 1) 22.24%; AbFE 4 h, ore i Neonate larvae ~ Mature larvae
41 C WAFIE R B E(LT 35 138 'C f7;35~41 C 25 (CK) 87.7244.95a  87.72+4.95a
AREE 1 RN 2 h AR TE R WAFAE AL SR . 35 C &b 35 1 89.35+4.56a  86.49+5.43a
BT h AR T AR 2 A 4 b, (SRR 22 2 85.94+531a  83.15+3.64ab
AL 38 141 C LB 1 h IAETE 25 T AL B A §7 134637 78.8945.20b
2 Al 4 h, HEZFKT X
23 4R SRR R AL TR AT e SRR A 4 3 : s TTRele
A 2 86.09+6.32a  75.40+5.96¢
HH e 3 AT, JF bk BB AR A 57 4)) U2 AN ) 4 85.41£2.56a  67.67+3.67d
JEE AN IR B R A B S, % Ak B AR I 2 5 0 R3S T 41 1 86.3844.27a  70.44+4.19d
7 5R (F=0.753, P>0.05). &%) LA [FRE . 2 88.84+5.19a  58.98+6.04¢
N J) b B S, 2% A B A 0 2R 5 0] R 2 S W 3 (F= 4 956343380 50.5344.77F

42.206, P<0.01). AR [A]AH [F] B, Bl iR A 7 e,
Y IR 2R ) BB PG, 35 F1 41 °C B 1 h
AL B 2 0 1) 86.49% Fi1 70.44%, T 35 Al 41 C
AEE 4 h IALIE 4358 78.89% 1 50.53%. L E
HE TR B, i A 2 () 0 386 1, 32 2440 ) A 0 26 7

1) &b BB £ Ao 2, R RARE AR TR
T £ 5% 2 #(P<0.05, Duncan’s %)

1) Datum in the table is mean + SE, different lowercase
letters within the same column indicate significant difference
(P<0.05, Duncan’s test)
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Table 4 Effects of short-term exposure of larvae to high temperature on the pupal weight, pupa duration and emergence

rate of Assara inouei

AL FE Treatment Ui J5i 2/mg Pupal weight 14 )3 #/d Pupa duration P /% Emergence rate

arc HI554)) R, e SN W4 R e SN W4 R £ RN
Neonate larvae  Mature larvae ~ Neonate larvae  Mature larvae ~ Neonate larvae  Mature larvae

25 (CK) 15.65+0.67a 15.65+0.67a 7.76£0.55a 7.76+0.55b 94.48+2.35a 94.48+2.35a
35 1 14.67+0.72a 14.43+1.21ab 6.82+0.48a 7.20+1.58b 93.32+4.57a 91.74+5.31ab
2 15.91+0.81a 15.07+0.94a 7.74+0.61a 7.69£1.57b 94.74+4.32a 90.53+3.67ab

4 13.89+0.76a 13.91+0.78ab 7.63+0.39a 7.65£1.49b 91.90+5.38a 88.57+4.45b

38 1 14.26+1.13a 14.60+080ab 7.72+0.60a 8.47+2.54ab 93.37+£3.48a 83.79+5.70¢

2 14.75+0.94a 13.87+0.75ab 8.25+0.42a 8.78+2.83ab 93.59+5.31a 84.31+2.61¢

4 13.79+0.98a 12.67+0.54bc 8.41+0.79a 9.31£2.70a 92.86+3.35a 77.62+3.70d
41 1 14.61+0.76a 13.14+0.62bc 7.95+0.95a 9.04+2.63a 92.24+4.06a 79.85+3.66¢d

2 13.94+0.88a 12.8540.83bc 8.04+0.72a 9.23+£2.71a 92.73+4.58a 66.76+4.22¢

4 13.85£1.01a 11.2840.87¢ 7.79+0.86a 9.18+1.48a 91.31£2.34a 68.39+3.38¢

1) P 845 AT 948 + 47K £, B3 8B G R R/ F8 &7 £ 5+ 2 % (P<0.05, Duncan’si%)

1) Datum in the table is mean + SE, different lowercase letters within the same column indicate significant difference (P<0.05,

Duncan’s test)
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Table 5 Effects of short-term exposure of larvae to high temperature on the oviposition period and longevity of Assara
inouei adult

Ak B 7 BT 3YY/d 7 g /d M Bt A i /d I e A /d
Treatment Pre-oviposition period Oviposition period Female longevity Male longevity

WIS A ZHASE WL BREhE WEEgd ZHgd wimsih RS

0/C t/h Neonate Mature Neonate Mature Neonate Mature Neonate Mature

larvae larvae larvae larvae larvae larvae larvae larvae
25 (CK) 1.71+0.02a  1.71+0.02a 8.69+0.74a  8.69+0.74 a 14.47£1.73a  14.47+£1.73a  12.59+1.46a 12.59+1.46a
35 1 1.68+£0.03a  1.62+0.04a 7.31+0.85a  8.31+0.85a 13.38+1.18a 15.144£2.14a  11.87+1.33a 12.37+1.36a
2 1.84+£0.05a  2.10+0.02a 7.5541.09a  8.14+1.09a 15.11£1.36a 13.81£1.59ab  12.69+1.78a  11.76+1.80a
4 1.56£0.03a  1.74+0.04a 6.5740.67a  7.63£0.67abc  14.28+1.55a 13.44+1.37ab 11.77+0.89a 13.04+1.93a

38

—_

2.05+0.03a  1.60+0.00a 6.86£0.98a  6.48+£0.98abc  13.71+1.42a 15.06+2.00a 12.2841.74a  12.68+1.38a
1.79+0.02a 1.7740.05a 7.25+0.54a  5.59+0.54c 13.69+1.97a 14.87+1.42a 11.12+1.62a  12.31+1.55a
2.04+0.05a  2.08+0.04a 7.84+0.71a  6.25+0.71bc 14.23£2.18a 11.90£1.63bc  10.94+0.90a  11.84+1.63a
41 1 1.7340.06a  1.69+0.03a 6.63£0.66a  6.17+0.66bc 13.56+1.92a 12.78+1.81b 12.50£1.34a  12.00+1.49a
2 1.80+0.04a 1.84+0.02a 7.39+0.82a  5.80+0.82¢ 13.89+1.49a 11.06£1.76bc  11.53£1.12a 11.64+1.07a
4 1.89+0.07a 1.95+0.06a 6.76£0.47a 5.21+0.47c 14.04+1.85a  9.57+£2.05¢ 11.67£1.37a 12.17£1.22a

1) AP 5B A T+ 4k £, BFIHIEB R B D FHET £ 5 2% (P<0.05, Duncan’si%)

1) Datum in the table is mean + SE, different lowercase letters within the same column indicate significant difference (P<0.05, Duncan’s test)

EES S )

&6 FH LEERBELN AR SR AL ER XY Al 1 i = DR 2 K BSR4 AR A9 2
Table 6 Effects of short-term exposure of larvae to high temperature on the number of eggs laid per female and egg
hatching rate of Assara inouei adult

GEE S35 HLHE - BT B HRIEALER /%
Treatment Number of eggs laid per female Egg hatching rate
oc h HIEL) Z B 151 %) ER AL

Neonate larvae Mature larvae Neonate larvae Mature larvae

25 (CK) 89.47+5.26a 89.47+5.26a 57.89+2.65a 57.89+3.65a
35 1 91.87+4.56a 84.45+4.57ab 60.14+1.54a 58.20+1.58a
2 88.69+4.34a 86.60+3.65ab 54.27+2.17a 64.69+2.57a

4 83.79+3.90a 85.09+3.32ab 56.63+2.23a 54.25+1.49a

38 1 90.28+4.96a 90.15+5.94a 59.72+3.75a 60.61£3.54a
2 91.12+4.62a 87.42+4.06a 62.25+2.69a 57.31+2.83a

4 86.34+3.98a 80.62+3.41ab 55.18+2.58a 63.74+2.70a

41 1 84.57+5.34a 76.88+2.94b 55.33£1.63a 54.24+2.63a
2 86.53+3.12a 75.09+4.51b 62.87+2.54a 59.23+£2.71a

4 88.67+4.37a 64.30+5.37¢ 53.62+1.06a 58.48+1.48a

1) &P RIEHTHME £ A £, RIS HIAEE R R F 84T £ 5 22 (P<0.05, Duncan’si%)
1) Datum in the table is mean + SE, different lowercase letters within the same column indicate significant difference (P<0.05,

Duncan’s test)

EKE?&&KEN@M@}E, %mﬁﬁiﬁﬂ’aﬁﬁiﬁ 3 Tt 5sip

BEHXEZEREE (CE: F=3.152, P<0.05), 51

% 53 I % %R 8% (BIL%E: F=0.945, B U A A7 AR A AR IR B IR, — Ty 40~
P>0.05). ZELH 41 C ZACE T e g 50 Co Bk, B R ATt T ARHT S
SRR R, 41 C 4 h AABLOPIA s g R B R T R AT AR BRI (R AE G, S B R B R 4
BEDSTHARLIA. HU T R IR WD o ) 4 o 20 e I i A



74 g A LR 22243 (http://xuebao.scau.edu.cn/zr)

41 %

1.2 fl 4 h J&, HAFIEZEH 32 °C ) 100% [#%2E 44 °C
[¥) 0. & #4h RAE 32 A 35 °C Wb FEAS RIS I, -4k
PR 8] (A7 15 2 22 e AN W R (H 32 2y (A R I 1y
IRALTE 4 h J5, HAFE 2 38 °C ¥ 91.57% [#28 44 °C
10, BAEgE U, 35 °C LA ASEE XS S b
DU &) B () A0 ANAEAE I8, 44 °C 1A% B v i %
By EAFAT

ARE S5 R R, b R0 2 2 g U7
35~41 °C £ Kb BE 1) A7 2235 = T AH IR 26 R 4
% 40y H, 2 B R T v iR 6T I bk SR B MR G 4y U
SEAE 2., 22 24 &) HOos & il A BRIV T 52 68 75
4y UK AE I B AN B2 R FE S AR BR IS [R] (1) 52, H S
L ve it JH A8 I PR 8 A 0% . X I R OK IR
Ostrinia furnacalisV?'\ RSB Tribolium
castaneum™, Bk/NE O U SERIRF AL A5 R — 3 R
PRI AT e 2 W1 90 4 R A R A SR, A o 2 A T
2 AR U AR R AH 0 B R A, A U ER, FRAK T
ARG, DRI N AR A i 30 IR 1 2R 471

B2 HUTE ey il W 08 S5 RE W A7, L HG e P8 0 v
2352 BB L P42 AR IS, S i SR B E A
5 4y e 22 I R AL B S, R U RS R R
BB R s, eSSk E L EH
IR 32 3 B 5 5 e 5 (H 52 2AA)) 28 R N e e Ak B
Jo, FCU ) B AR IR A B 3552 B — 8 1) RS,
Rl 41 °C 254 2 BRI RE IR R O B o 3 O
a2 A R E AT 22 5 1 R R, T RE S RN
TRAC R S5, 4195 ) B ] i B b A A R K
S RALHT I A% [R] B e i A K B T ) 4 H A
SRR ZS R, R LI il R 4 FH 3T T A
KEeBE, MEmiRhFEA LS FERE, XY
LN v Ui XS S e SR R SR G 0y ERPYY 5 e o BT R
1), 1IX 52 IEFEEN N = M 25 € I A KBk
ANECO HURBIE AT 45 SRR s R0 2 &l H g e )
FEALE I RS, 22 74 %)) B BIDRE 3 N AN 6 AN B ) P i
W, B iR AL S, A re ol i BCR SR AN AR A
K Gy, TRER S BT B RAE S A, B AT
TiFfeihsy 7 F — B, X5 Zhang 50 X/
Wk Plutella xylostella Piyaphongkul 2577 X #5 & |
Nilaparvata lugens- % )i 2571 X - B 30 20 1 iy
Tetranychus turkestani MW Tetranychus
truncatus BT 25 FRAL . AR E S L 72 W)
2y, SR R AL S, S b B R BT
B () A 26 38 5000 B TG Il 35 22 e, SR BH 4 OB
I v i A AN 2 S e LA 2R

ARG 25 AR B, H i BT IE 2 2440 AT
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