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Effects of different feeding temperature on the supercooling points and
freezing points of fall armyworm, Spodoptera frugiperda
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Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract In order to investigate the cold tolerance of Spodoptera frugiperda under different feeding tempera-
tures, the supercooling point and freezing point were measured by the supercooling point meter, and the frequency
distribution was analyzed. The results showed that there were significant differences in the supercooling and freezing
points of each age at different feeding temperatures (16, 20, 24, 28, 32, 36C). The supercooling points and
freezing points of 3-instar, 6-instar and 2-day-old pupae were the lowest at 16 C , which were (—13.48+0.53)C
and (—8.97£0.35)C for 3-instar, (—8.94£0.28)C and (—4.9940.28)C for 6-instar, (—18.09+£0.50)C
and (—12.1740.37)C for 2-day-old pupae, respectively. The supercooling point of 5-day-old pupae was the low-
est at 16C, which was (—17.7640.49)C, and the freezing point was the lowest at 32°C and 16°C , which were
(—11.7240.56)C and (—11.027£0.39)C, respectively. The adult supercooling point was the lowest at 16T ,
which was (—17.8740.55)C, and the freezing point were the lowest at 28C and 16C , which were (—11.23+
0.61)C and (—10.98+0.44)C, respectively. The results of this research indicated that low temperature had a
certain role in acclimating the cold tolerance of the S. frugiperda . and the appropriate high temperature could al-
so improve the cold tolerance. The results are helpful to predict the overwintering distribution of S. frugiperda in
China, and are of great significance for its monitoring, early warning, prevention and control.
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Table 1 Effects of feeding temperature on supercooling points and freezing points of 3rd instar of Spodoptera frugiperda

L /C g/ 3k ¥ /°C Supercooling point KWivk 5 /°C  Freezing point
o ure The mumber (L T WA TR FHf SR
of larvae Minimum value Average value ~ Maximum value  Minimum value Average value Maximum value
16 30 —18. 60 (—13.484+0.53)b —8.65 —12. 89 (—8.972+0.35b =5, 53
20 30 —18. 48 (—12.54=0. 46)ab —8.81 —14. 68 (—8.61£0.42)ab —4. 10
24 30 —16. 81 (—12. 3240. 34)ab —8.72 —11. 80 (—7.69=£0. 30)ab —4. 89
28 30 —18. 24 (—11. 73%0. 52)ab —7.72 —13.33 (—8.04=£0. 36)ab —4, 82
32 30 —19. 61 (—12.9240.51)b —7.26 —14. 02 (—8.62+0.41)ab —5.11
36 30 —16. 68 (—10. 78+0. 14)a —38.05 —10. 97 (—7.45%+0. 35)a —5.07

D Fi g o P E bRk RSB R AR A AR F R FORE: Tukey’s HSD 2 22 57 3% (P <<0. 05)., R,

Data in the table are presented as mean=SE and those in the same column followed by different letters are significantly different by Tukey ’s

HSD multiple range test (P <C0. 05). The same applies below.
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Fig. 1 Frequency distribution of supercooling points of 3rd instar Spodoptera frugiperda at different feeding temperatures
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Fig. 2 Frequency distribution of freezing points of 3rd instar Spodoptera frugiperda at different feeding temperatures
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Table 2 Effects of feeding temperature on supercooling points and freezmg points of 6th instar of Spodoptera frugiperda

B /C /R 8 H1 5 /°C Supercooling point R VK 5 /°C  Freezing point
Temperature The number HRARAE FHE R e FARME FH{E R {E
of larvae Minimum value  Average value ~ Maximum value ~ Minimum value  Average value Maximum value
16 30 —11.03 (—8.94=0. 28)c —4.79 —8.57 (—4.99=£0. 28)b —1.71
20 30 —10. 31 (—6.75%0. 28)a —4. 16 —6. 22 (—3.10%0. 23)a —1.63
24 30 —13.23 (—7.76=+0. 36)ab —5.11 —8.33 (—3.56=+0.33)a —1.24
28 30 —10. 45 (—7.58%+0.30)ab —4. 33 —6.98 (—3.44%0. 21)a —2.00
32 30 —10. 35 (—7.84740. 22)abc —6. 06 —7.79 (—3.74=£0.23)a —2.19
36 30 —10. 07 (—8.04=0. 25)bc —4.79 —7.57 (—4.1240. 26)ab —1.55

TERMRFRILE ACAF N TR 6 A BME PR R E BUE 20°C 26 R . 20508 —13. 23°C AN
AR Vo A AR DK A E AR RE BE R 28 57 AR — 4. 16°C s AU DK s B AR Bt BAE 16°CARIFR 26 AF T
PO —ERTERE (P 3 FIE 0o 24°CHRFRIT G A femi {H H BUAE 24°C 256 R, 2050 9 — 8. 57°C Al
RIRVK S A B T8 3 —13. 23~—5. 1CHI — 1. 24°C . SRR A N, B DT 3 6 %41 Sy
—8.33~— 1. 24°C, RS RAMEHBAE 24°C A ARSI M IEZS 7341 (P=>0. 05).,

PURES
16 -
16C 16} 20C 24C
10 14}
14+ 1
8+ 12+
10+
7 6l 5 101 B
Q9 Q Q 8 L
X § X § 8 X §
gz / g . Bg o
= = 3
4 4l
2t / 5
i N : o
ol \ . . . . Py . . . . 0 - , . . s .
-11 10 -9 -8 -7 -6 -5 -12 -11 -10 9 -8 -7 -6 -5 -4 -3 -2 -15-14 -13 -12-11 -10 -9 -8 -7 -6 -5 -4 -3
33 ¥%#15/ °C Supercooling point i &% 45/ °C Supercooling point g 134145/ °C Supercooling point
12r 28¢C 10f 32C 7L 36C
10F 3 6
5 8t z St
K5 K§ o K5 4
g of g K&
&= = 4f = 3 N
4t |
. — 2L
2/ ﬂ 2 1}
O 1 1 1 1 1 0 1 1 1 1 1 1 1 J 0 1 1 1 1 1
-12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -10.0 9.5 -90 -85 -8.0 -7.5 -7.0 -6.5 -6.0 -10 -9 -8 -7 -6 -5
33 %155/ °C Supercooling point 3 2301 55/ °C Supercooling point 1343155/ °C Supercooling point

B3 AEIFFEBEE TEMIRE 6 84 HEide RS2 %

Fig. 3 Frequency distribution of supercooling points of 6th instar Spodoptera frugiperda at different feeding temperatures
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Fig. 4 Frequency distribution of freezing points of 6th instar Spodoptera frugiperda at different feeding temperatures
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Table 3 Effects of feeding temperature on supercooling points and freezing points of 2-day-old pupae of Spodoptera frugiperda

B /C WK /S R #H 5 /°C Supercooling point VK5 /°C Freezing point
o e Thenumber AR P R G T s i
of pupae Minimum value ~ Average value =~ Maximum value ~ Minimum value  Average value Maximum value
16 30 —21.85 (—18.0940. 50)c —10. 62 —15. 43 (—12.1740. 3¢ —7.48
20 30 —20. 62 (—13.50%0. 55)a —8.32 =13, 55 (—7.752%0.58)a —4.08
24 30 —21. 30 (—15.5040. 67)ab —8.04 —15.32 (—9.81£0. 57)ab —4. 86
28 30 —21.99 (—17.3140. 56) be —10. 31 —18. 38 (—11. 30%0. 51) be —7.19
&2 30 —21. 39 (—15.3040. 71)ab —7.79 —17.97 (—9.78%£0. 60)ab —4.07
36 30 —21.63 (—15.99740. 74)abc —6. 39 —16. 39 (—9.89=£0. 65)ab —2.15
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Table 4 Effects of feeding temperature on supercooling points and freezmg points of 5-day-old pupae of Spodoptera frugiperda

L /C W%/ S &8 HI5/°C Supercooling point KWk &5 /°C  Freezing point
o ure The number AR P R EE P s
of pupae Minimum value ~ Average value =~ Maximum value =~ Minimum value  Average value Maximum value
16 30 —21.46 (—17.76%0.49)¢ —10. 45 —16. 05 (—11.0240. 39)c —6.41
20 30 —21. 65 (—14.1740. 58)a —8.74 —15. 67 (—7.81%0.59a —4. 11
24 30 —21.48 (—14.32740. 70)ab =17, 33 —15. 41 (—9.52%£0.56)ab —5. 26
28 30 —20. 24 (—16.70%0. 59) be —8.60 —15. 88 (—10.6940.47)c —5.87
&2 30 —23.07 (—17.65%0.51)c —11. 08 —19.52 (—11.7240. 56)c —7.26
36 30 —20. 80 (—16.0520. 73)abc —6.33 —16. 43 (—9.78%£0. 45)ab —3.16
2.5 ARAFERETEMITRBRAMTRR  MRBIR M FE IR E KK Y. 16°C <28°C<24°C <
Rk = 20°C<C36°C<C32°C . Hirfr, 16°C 451 F 1 ¥4 300 45

ANTRVAR F5 R B B RO A e A AR (17,8720, 55)°C . AR A i IR E R Y
AWK S AFAE B 22 57 (R 5) . Hd @Al SR IR MR 28°C <C16°C << 24°C <C32°C <
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Table 5 Effects of feeding temperature on supercooling points and freezing points of adult Spodoptera frugiperda

. - it K/ Sk ¥ /°C Supercooling point AW VK5 /°C  Freezing point
o e Themumber R FEf Rl RIS Ff R
of larvae Minimum value Average value ~ Maximum value ~ Minimum value Average value Maximum value
16 30 —22.06 (—17.87%0.55)c —9.58 —16. 71 (—10. 9840. 44)b —5.74
20 30 —21.10 (—13.62740. 58)ab —8.19 —14. 35 (—6.49740.59a —2.79
24 30 =21, 55 (—14.8940.77b —9. 20 —15.57 (—10. 6840. 64)b —4.95
28 30 —21.79 (—16. 2540. 60) be —9.57 —18.32 (—11.2340.61)b —5.17
32 30 —19.78 (—11.1640. 73)a —5.63 —12. 84 (—6.94740.54)a —3.56
36 30 —16. 37 (—11.6940. 70)a —3.90 —11.96 (—5.83%0.52)a —2.28
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