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Abstract [Objectives] To clarify the cold hardiness and overwintering ability of Spodoptera frugiperda and thereby predict
its overwintering and year-round ranges in Fujian. [Methods] The ability of S. frugiperda to survive low temperatures was
analyzed using corrected mortality data and the species’ cold hardiness evaluated using LTso, LToo and LT values calculated
by probability value analysis. Overwintering ability and regions of year-round occurrence were analyzed based on simulated
overwintering with meteorological data, data on the number of pupae in soil, sex attractant trap capture results and the crop
damage rate in fields. [Results] Low temperature had significant lethal effects on various life stages of S. frugiperda. At
temperatures of 0, 4 and 8 °C, mortality increased with decreasing temperature and exposure time. The duration of survival to
the LTsy, LTgo and LTy treatments also decreased, regardless of the developmental stage. The ability of S. frugiperda to survive
low temperatures varied greatly with temperature and developmental stage. Eggs and pupae had the lowest, and highest, cold
hardiness, respectively. Among larval instars, the 1st to 3rd instars had greater cold hardiness than the 4th to 6th, and adult
females had greater cold hardiness than adult males. Eggs should not survive between January and March in Minhou and
Jin’an (Fuzhou). With respect to the winter viability of pupae in “no winter” maize regions, some pupae should successfully
overwinter while others die gradually in Minhou (Fuzhou), Datian (Sanming) and Jian'ou (Nanping). However, adults that
emerge in winter shouldn’t be able to reproduce due to the low temperature and absence of prefered host plants. Only 2.08% of
pupae survived beyond March 15th and completed overwintering in Jin’an (Fuzhou). Young larvae, pupae and adults occur in
maize fields in January and February, the coldest months of the year, in Xianyou (Putian) and Changtai (Zhangzhou), the two
winter maize planting regions in Fujian province. [Conclusion] Among the developmental stages of S. frugiperda, eggs and
pupae have the lowest, and highest, cold hardiness, respectively. The pupa is therefore the most likely stage to overwinter in
“no winter” maize regions. The regions where S. frugiperda is likely to overwinter and occur year-round are determined by the
ambient temperature between January and March. Pupae can’t complete the entire overwintering process in regions where the
average daily temperature is <12.6 °C between January and March, but can do so in regions where the average daily
temperature is =14.2 °C. S frugiperda can damage maize crops year round in winter maize planting regions where the
average daily temperature is =15.0 °C between January and March, and can overwinter as young larvae, pupae and adults in
these regions.
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Fig.1 Mortality of Spodoptera frugiperda after exposed to 0, 4 and 8 °C for different durations at various stages
A, BRBETZR; B-G. 435k 1-6 WRANIAET-R,; H. WHAYSET A -0, Z0 0 b . MERRHAET %,

A. Mortality of eggs; B-G. Larval mortality of the 1st instar, 2nd instar, 3rd instar, 4th instar, 5th instar and 6th instar,
respectively. H. Mortality of pupae; I-J. Adult mortality of female and male, respectively.
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Tablel ThelTsy, LT and LTgg0f Spodoptera
frugiperda exposed to low temperatures at various stages

REBTE FHIET ] & Temperature
Developmental (h)
stage Lethal time 0 © 4 °C 8 °C
il LTs, 12.60 2094 36.27
Egg LTy, 23.00 3470 6291
LTy 37.58 57.99 113.67
1 {4h LTso 57.71 7540 140.73
Ist instar larva LTy 85.58 100.04 232.73
LTy 118.01 12599 350.86
2 el LTs, 50.88 71.85 138.24
2nd instar larva LTgo 75.54 95.40 231.14
LTy 104.24 120.20 351.44
34 H LTs, 4275 53.93 131.55
3rd instar LTy, 62.29 7998 219.89
LTy 84.67 110.26 334.26
4 {540 LTs, 40.23  50.11 124.73
4th instar larva LTy, 59.57 75.08 207.93
LTy 82.03 104.38 313.40
5 4 LTs, 36.77 39.38 112.32
Sth instar larva LTy 55.78 58.67 181.84
LTy 79.56  81.18 269.32
6 4 LTs, 36.06 4591 125.80
6th instar larva LTy, 5478 71.63 215.08
LTy 77.05 102.93 333.05
1 LTs, 43.54 113.51 201.62
Pupa LTy, 69.23 359.71 610.63
LTy 101.08 921.18 1506.98
I S LTs, 16.71  27.22 154.76
Female adult LTy 29.42  46.29 282.28
LTy 46.65 71.36 460.77
T 8 LTs, 15.58 21.03 126.55
Male adult LTy 2798 36.67 223.94
LTy 45.09 57.65 356.62
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Fig. 2 Emergencerate of the simulated overwintering
pupae of Spodoptera frugiperda
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Fig. 4 Population dynamics of Spodoptera frugiperda male adultsin winter maize fields of Fujian province
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