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Abstract: We determine cold tolerance of Spodoptera frugiperda (Fall Armyworm) by assessing
the survival of larvae and pupae under different low-temperature regimes. Our aim was to better

predict the overwintering distribution of this pest. The test adopts the method of combining
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constant temperature and variable temperature. Constant lower temperature experiments were
conducted to understand the mortality of larvae firstly. The 3% and 5" instar larvae of S. frugiperda
were exposured at 0°C, —2°C, —5°C, and —10°C for durations of 0.5, 1, 2, 3, 6, 12, 24, and 36
hours, corresponding (called short-term low-temperature experiment). Moreover, the emergence

rate and mortality were observed after pupae with 4 days-age exposed at 6°C and 10°C for 3 and 5
days. Another fluctuating temperature experiment was carried out for test the cold tolerance of 5th
instar larvae and 4-day-old pupae. Daily temperature was controlled at 6°C and 10°C with diurnal
temperature fluctuation of +2°C, +4°C, and +6°C. Mortality, pupation and emergence were

recorded in different days (from 0 to 30 days, interval 5 days). Under short-term low-temperature
exposure, mortality of larvae and pupae increased with the decreasing temperature and duration of

exposure. After 36 hours, larvae survived at 0°C but all died at —5°C and —10°C. Pupae could

emerge normally under constant temperatures of 6°C and 10°C, but the emergence rate decreased
with duration of low-temperature exposure. Under long-term fluctuating low-temperature

conditions, 5 instar larvae survived for 30 days at 10°C with a mortality rate ranging from 21% to
57%. At 6°C, larvae survived for 21 days, but pupae failed to emerge under any fluctuating
temperature treatment. The study showed that under short-term (36 hours) exposure at 0°C, the
larvae of S. frugiperda were not affected. When the fluctuating temperature was 6°C, larvae could

survive for a longer period. Temperature fluctuations impose greater risk stressing on survival of
insect pests. It is suggested that S. fiugiperda populations may overwinter as 5" instar larvae in
natural environments within the 6 °C to 10 ° C range, but will not survive in regions with

temperatures below 6°C. The results of this study provide a scientific basis for predicting the

distribution and diffusion trend of S. frugiperda and the prevention and control strategies.
Key words: Spodoptera frugiperda; low temperature stress; survivability; overwintering
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Fig. 1 The average temperature in January 2011-2021 is the diurnal temperature difference at 10°C and 6°C

(Data from www.tianqi.com)
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Note: The uppercase letters represented the difference of larval mortality among temperatures under the same time treatment; the lowercase
letters represented the difference of larval mortality among times under the same temperature. Figure A shows the mortality rate of 3" instar

larvae; Figure B shows the mortality rate of 5™ instar larvae.
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Fig. 4 Eclosion percentage of Spodoptera frugiperda with pupae exposured under lower temperature
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