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Effects of short-term high temperature in egg and pupal stages on the growth and
development of fall armyworm Spodoptera frugiperda
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(Institute of Agricultural Environment and Resources, Yunnan Academy of Agricultural Sciences,

Kunming 650205, Yunnan Province, China)

Abstract: In order to find out the influence of short-term high temperature on the growth and develop-
ment of fall armyworm Spodoptera frugiperda at egg and pupa stages, the eggs and pupae were treated
at 34, 38, 42 and 46°C for 2, 4 and 6 h, respectively, and the effects of short-time high temperature on
the egg hatching rate, developmental durations of different stages, pupa emergence rate and reproduc-
tion were determined. The results showed that the hatching rate of eggs gradually decreased with in-
creasing temperature and duration of high temperature; the hatchability of eggs at a temperature above
38°C for 6 h or at 46°C for more than 2 h was significantly inhibited: the lowest hatching rate was
12.21% at 46°C for 6 h, and the larvae could not survive. The egg stage was prolonged at 42°C for more
than 4 h and 46°C for more than 2 h, and there were significant differences from the control group. The
larval stage was significantly lower than the control group. There was no significant difference in pupa
stage. The eggs developed to adult at 38 °C and 42°C for 6 h, and the number of eggs laid by adults was
significantly lower than that of control. The emergence rates of female and male pupae were 0-15.00%
and 0-6.75%, respectively, at 46°C for 2, 4 and 6 h under short-term high temperature treatment, signifi-

cantly lower than the control. The emergence rate of female pupae was higher than that of male pupae
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at 42°C and 46°C. After the emerged, the number of eggs laid by adults was lower (121.25-186.75) at
38°C for 6 h and 42°C for more than 2 h. It indicated that the population of S. frugiperda was suppressed
at a high temperature above 38 °C. for 6 h or 42°C for 2 h.

Key words: Spodoptera frugiperda; short-term high temperature; egg stage; pupal stage; hatching rate;

emergence rate; fecundity
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Fig. 1 Effects of high temperature on the hatchability of Spodoptera frugiperda
PR B0 R 7 BBl . R ) /NG R R R [l 4 3R] 28 Duncan BB & M 25 A0 56 76 P<0.05 /K F- 225+ % . Data

in the figure are mean+SE. Different lowercase indicate significant difference among different treatments at P<0.05 level by Duncan’s

new multiple range test.
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1.742, P>0.05) ; W H 1 & & 114 12.08~16.65 d,
34,38 42°CAbHE 2 h i R UK B D184 B 5K X
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Table 1 Effects of high temperature treatment at egg stage on different developmental stages of Spodoptera frugiperda

HiJE Temperature/°C (i) Time/h Bl Egg/d %)) H Larva/d 1 Pupa/d JH Adult/d
34 2 2.78+0.09 bed 11.85+0.45 ab 8.80+0.19 ¢ 16.63+£0.75 a
4 2.74+0.11 cd 10.98+0.86 bed 8.95+0.33 be 14.50+1.29 bed
6 2.65+0.13 d 11.45+0.49 abc 9.00+0.38 be 12.30+1.16 ¢
38 2 2.86+0.24 abc 11.68+1.01 ab 9.55+0.88 abc 16.65£1.00 a
4 2.67+0.17d 10.88+0.94 bed 9.48+0.48 abc 15.0340.87 abc
6 2.60+0.07 d 10.18+0.38 d 10.13+0.63 ab 12.08+0.40 ¢
42 2 2.9540.13 ab 11.35+0.77 bed 9.25+0.56 abc 15.4840.61 ab
4 2.99+0.09 a 10.33+0.40 cd 9.75+0.96 abc 12.35£1.25¢
6 3.01+0.11 a 10.68+0.70 bed 10.38+0.82 a 14.63+1.27 bed
46 2 2.99+0.13 a 11.1340.85 bed 9.20+0.89 abc 15.28+0.99 abc
4 3.00+0.20 a 10.88+0.85 bed 9.63+0.96 abc 13.0541.40 de
6 3.01+0.15a - - -
CK 2.76+0.13 bed 12.55+0.88 a 9.2340.32 abc 13.68+1.13 cde

TP BRI AR . [RBAS [A) /NG B3R 7R 28 Duncan FGHT & M 22 K 50 7F P<0.05 7K F- 225+ 3% . Data in the
table are mean+SE. Different lowercase letters in the same column indicate significant difference at P<0.05 level by Duncan’s new

multiple range test.
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T 55 2] 3~4 WS I TR T, AR AL B 6 ¥4 &) UAE TR
4 90.50%~97.00% ,34°CALF 2 h 38°CALH 4 h ANl
46°CALEE 4 h 5XF 22 7 B 2% (F=6.446,P<0.05) ;N 38CAbHE2 .4 h,42°CALFE 6 h,46°CALBL 4 h 5 XTI
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Table 2 Effects of high temperature treatment at egg stage on the survival rate of Spodoptera frugiperda at different insect stages

6 h,38°CALFE2 h,42°CAEFE4 .6 h,46°CLLBH 4 h 5%}
HE 5 22 5 1 25 (F=25.050, P<0.05) ,42°CALFE 6 h )5
AL 2R o 1, 46 C AR T 4 h )5 8 AR B R AR 11 5 A [A)
b B 59 P KR K 80.50%~94.00% , 34°C AL 3 6 h,

IR/ C fif [E /b 6 W AT I /% (aTESL PR /%
Temperature Time Survival rate of 6th instar Rate of pupation Rate of emergence
34 2 97.00+1.41 a 88.75+2.22 d 91.00£2.58 ab
4 96.50+1.29 ab 94.50+1.91 ab 94.00+2.16 a
6 94.80+0.50 abcd 84.75+2.87 ¢ 81.75+1.89 ¢
38 2 95.25+0.96 abc 96.00+1.83 a 80.50+1.29 ¢
4 97.00+1.41 a 89.50+3.32 cd 80.75+2.75 cd
6 92.50+2.83 de 94.25+3.10 ab 93.50£1.29 ab
42 2 96.50+2.38 ab 95.50+1.29 ab 89.25+2.50 b
4 93.25+2.36 cd 81.25+1.26 f 92.75+2.63 ab
6 92.25+1.71 de 96.25+1.71 a 83.50+1.29 ¢
46 2 94.75+1.26 abcd 93.75+2.63 ab 93.00£2.94 ab
4 90.50+0.96 ¢ 81.05+2.63 83.75+1.71 ¢
6 — — —
CK 94.25+1.71 bed 92.25+3.59 be 90.75+2.50 ab

TR T BB bR . ISR ING AR 4 Duncan BB A M 22546 55 7 P<0.05 /K724 5 5% . Data in the
table are mean+SE. Different lowercase letters in the same column indicate significant difference at P<0.05 level by Duncan’s new

multiple range test.
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Table 3 Effects of high temperature treatment at egg stage on Spodoptera frugiperda adult fecundity

TR/ i)/ FEBIRITY/d FEERl/d JR R A /d L B i
Temperature Time Pre-oviposition period ~ Oviposition period Adult life span Oviposition quantity

34 2 7.63+1.49 bed 5.15+0.87 ab 16.63+0.75 a 427.00+50.22 ab
4 8.03+0.74 abcd 6.00+0.71 a 14.5041.29 bed 297.00+49.12 de
6 7.00+0.82 cd 3.58+0.43 cd 12.30+1.16 ¢ 377.50+33.00 be

38 2 8.50+1.29 abc 5.28+0.41 ab 16.65+1.00 a 457.50+43.00 a
4 8.0540.10 abed 4.20+0.37 be 15.03+0.87 abc 365.00+£56.87 ¢
6 7.40+0.78 cd 3.30+0.42 cde 12.08+0.40 ¢ 289.00+29.11 ¢

42 2 8.15+1.03 abc 4.03+0.88 cd 15.48+0.61 ab 386.00£26.00 be
4 6.50+0.62 d 3.03+0.26 de 12.35£1.25 ¢ 301.25£25.00 de
6 9.50+0.58 a 3.40+0.70 cde 14.63+1.27 bed 287.00+48.76 ¢

46 2 8.20+0.36 abc 4.33+1.34 be 15.28+0.99 abc 297.75+60.25 de
4 9.18+0.95 ab 2.43+0.84 ¢ 13.05+1.40 de 362.00+£16.00 ¢
6 — — — —

CK 8.2541.26 abc 3.63+0.48 cd 13.68+1.13 cde 355.00£40.00 cd

R B R . RIS NG FRER IR 28 Duncan [OBT M 22 K 50 7E P<0.05 /K22 5 %% . Data in the ta-

ble are mean+SE. Different lowercase letters in the same column indicate significant difference at P<0.05 level by Duncan's new

multiple range test.
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Table 4 Effects of high temperature treatment at pupal stage on the emergence rate of Spodoptera frugiperda
15 Temperature/ C B E] Time/h — ERH3PI{L R Survival rate of female pupa/% M 342 Survival rate of male pupa/%
34 2 90.07+£3.35 a 90.71£3.02 a
4 89.63+£3.94 a 88.89+9.07 a
6 90.63+541 a 93.25+4.71 a
38 2 91.25+2.50 a 91.25+£6.29 a
4 90.00+4.08 a 87.50+6.45 ab
6 91.67+5.60 a 91.67+£5.56 a
42 2 88.92+4.56 a 76.11+£7.71 ¢
4 91.70+5.54 a 80.56+6.32 be
6 87.70+7.13 a 77.78+£9.07 ¢
46 2 15.00+5.23 b 6.75+£2.50 d
4 2.78+£2.10 ¢ -
6 - -
CK 91.48+2.98 a 93.59+£2.37 a

PR P BRI . [ SRR NE FhE 7R 2 Duncan [CHT S R 22T 0 4E P<0.05 /K722 5+ i % . Data in the
table are mean+SE. Different lowercase letters in the same column indicate significant difference at P<0.05 level by Duncan’s new
multiple range test.

RS IFETIRAIE X E M SRR R E R
Table 5 Effects of high temperature treatment at pupa stage on Spodoptera frugiperda adult fecundity

R/ C [l /b 7 BT/ d 7B /d L i/ d FPHfE 7 B e
Temperature Time Pre-oviposition period Oviposition period Adult life span Oviposition quantity
34 2 6.13£0.40 bed 4.98+0.34 a 12.15+0.60 a 327.25+59.76 a
4 6.50+0.64 abc 4.68+0.25 ab 11.88+0.48 ab 333.00+66.67 a
6 5.73+0.43 cdef 4.23+0.30 be 10.98+0.41 be 276.00+34.61 ab
38 2 6.95+0.31 ab 5.00+£0.41 a 12.15+0.87 a 341.75+47.02 a
4 6.53+0.41 abc 4.3340.42 be 11.83+0.74 ab 304.25+27.87 a
6 7.05+0.79 a 3.90+0.45 ¢ 10.984+0.92 be 176.25+40.51 bed
42 2 6.08+0.59 bede 4.15+0.37 be 10.38+0.55 cd 186.75+15.76 be
4 5.20+0.29 ef 4.08+0.46 ¢ 10.2840.63 cd 157.50+30.49 cd
6 5.00+0.71 £ 3.88+0.44 ¢ 9.75+0.97 d 121.25+17.37d
46 2 5.48+0.75 def 0.00+0.00 d 5.48+0.75 ¢ 0.00+£0.00 e
4 - - _ -
6 - - _ -
CK 5.73+0.61 cdef 5.20+0.34 a 11.93+0.65 ab 349.254+45.67 a

FPEHE VAR . [P [R)/NE 81378 2 Duncan [OBT A B 22 K B0 7E P<0.05 /K- 22 5+ i@ % . Data in the

table are means+SE. Different lowercase letters in the same column indicate significant difference at P<0.05 level by Duncan’s new

multiple range test.
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