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A study on the cold hardiness of the beet armyworm. Spodoptera

exigua

JIANG Xing-Fu, LUO Li-Zhi, LI Ke-Bin, ZHAO Ting-Chang, HU Yi  (Institute of Plamt
Protection, Chinese Academy of Agricultural Sciences, Beijing 100094, China). Acta Ecologica Sinica.2001.21(10) :1575
~1582.

Abstract: The beet armyworm Spodoptera exigua(Hb. ) is a long distance migratory insect. Although the
species does not have diapause state during winter,its long distance migratory ability enable it to attack
crops in temperate regions. In recent years the damage area for the species have broadened every year in
China,however the overwintering conditions to survive during winter have been questioned. The study was
undertaken to understand how well the beet armyworm survives cold temperature, to do this, we
determined the surpercooling points,degree of cold tolerance, field overwintering test and analyzed the
geographic map for overwintering of the beet armyworm in China. The beet armyworm was provided by
Hubei academy of agricultural science and reared in mass in laboratory at temoperature 284+1C ,70% RH ,
and photoperiod L.16:D8. Larvae were fed with fresh maize seedings from larvae hatching to 2 instar,then
transferred to glass tube at the density of 3~4 each tube and fed with artificial diets up to prepupal period .,
the moth were reared in pair in glass bottle of 850ml and fed with 5% honey(v/v)solution after eclosion.
Supercooling points were measured with thermocouple instrument. The specimen were fixed to the
thermocouple with plastic jaw. A thermocouple with an attached specimen was placed in low temperature
box,the cooling rate was measured as 1 C /min. The data reflected the specimen temperature change then
were put into computer,the cure diagram of temperature change was analyzed with computer and the data
were analyzed by Duncan’s multiple range test. Supercooling points of the beet armyworm were

significantly different as the developmental stages varied. Pupae were with the lowest supercooling point (
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—17.16 C), followed by prepupae (—12.47 C) and the 3rd to 5th instar larvae (—11.12C in average) in
an increasing order, suggesting that pupae is the most possible stage for hibernation of the beet
armyworm. The viability of various developmental stages in beet armyworm was measured at low
temperature of —10C, —5C,0C and 5C ,respectively. Larvae and pupae were placed in a 12cm petri
dish, About 15 larvae were placed in each petri dish,the bottom and top of petri dish were provided with
filter paper for absorbing liquid materials from the specimen to prevent the possibility of inoculative ice
nucleation and larvae escape. Eggs and adults were placed in a 850ml glass bottle,the bottom and top of
glass bottle were provided with filter paper and 120 cohort gauze, respectively. The specimens at four low
temperature were picked up every different period interval. About 1 000 eggs,45 larvae.,30 pupae and 25
adults were picked up each time in a total of times. Survival of larvae and adults was determined 24h after
recovering at temperature 20+ 1C,70%RH,and photoperiod L16: D8. If specimens were able to move
when they were prodded with forceps in the head,thorax and abdomen ,they were considered alive. Survival
of eggs and pupae was determined by hatch and emergence ,respectively. Specimens were pretreated at 5 C
for 1h before subzero temperature(—10C and —5 C )bioassays were performed. The relationship between
probit % mortality and natural log of exposure time was linear, indicating that probit analysis was
appropriate for low temperature tolerance study. LT 50, LT ¢+ LT 5. are the period in days to 50% ,90% and
99. 9% mortality for the developmental stage of beet armyworm at low temperature respectively. Capacity
to survive low temperature also differed greatly as temperature and developmental stage of the beet
armyworm varied. Mortality increased quickly as the tested temperature decreased from 5C to —10 C with
an interval of 5 C ,regardless of developmental stages of the insect. Time needed to reach a given moratality
of the tested individuals (i. e. LT y)at all the tested temperature was usually shortened for the egg,adult,
larva and pupa in an increasing order. The LT o for pupal stage were 11. 0, 24. 8, 38. 1 and 67. 9 days
respectively as the temperature raised from — 10 Cto 5C with an interval of 5C, while for any other
developmental stage was relatively smaller, depending on the stage they belonged to. These results
reiterated that pupal stage is the most possible stage to overwinter in the temperate region. For further
study , Pupae overwintering livability was measured with burying pupae in field. About 200 and 240 pupae
were put into 850ml glass bottle containing soil with about 10% of water on December 30,1997 and
December 28.1998,respectively.then the glass bottles were transferred to the field of Beijing suburban (39°
50'N). Survival of pupae was determined by emergence at temperature 20+1C,70%RH and photoperiod
L16:D8 next springs. The pupal mortality were 100% suggested all the pupae could not overwinter in
Beijing. Based on the results obtained, it was presumably suggest that beet armyworm is not able to
overwinter in areas where temperature below 0 C exceed 38 days. The northern limit for overwintering of
the beet armyworm is proximate at 38°N or the average low temperature in January is around —4 C. A
geographic map for overwintering of the beet armyworm in China was also figured out by combined the
results and temperature data, which provided an important bases for further investigating the relationship
between the geographic populations of beet armyworm in the country.
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Table 1 Mean supercooling and freezing points of the beet armyworm
(&) cC)
Stages No. Supercooling point Freezing point
3 3rd instar 22 —11.1742.79 de —3.95+1.57 a
4 4th instar 21 —11.96+1. 66 cd —4.00£1.64 b
5 5th instar 23 —10.50+0.63 ¢ —1.75+0.60 ¢
Larvae 66 —11.214+1.69 —3.23+1.27
Prepupae 9 —12.47+1.71 ¢ —2.03£1.51¢
1 day 1 19 —17.55+0.78 a —7.54+1.39a
3 day 3 21 —17.3540.71 ab —6.94+1.78 a
) day 5 9 —16.4040.35b —6.94+1.14 a
7 day 7 17 —17.3241.30 ab —7.45+3.38 a
Pupae 66 —17.1640.79 —7.22+1.92
* + Data are presented as Mean=+SD, Duncan

(P<C0.05) Means in the same column followed by different letters are significantly different by Duncan’s multiple

range test (I><Z0.05)
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Table 2 Time-mortality lines in all stages of beet armyworm at selected low temperatures

cC)H LT5 LTy LT 9.9
Stage Temp. Regression equation Day Day Day
5 =6.4661x+1.0728 4. 05 6. 39 12.17
0 =6.3022x+1. 4357 3.68 5. 87 11. 37
Eggs —5 y=3.47952+0. 3575 0. 90 2. 11 6.98
—10 y=2.7721x+2.5915 0.31 0.89 4.01
5 y=2.9515x+2. 4427 7.35 19. 98 81.92
1 0 y=3.9057x+2. 0346 5.74 12.23 39. 06
Ist instar —5 y=38.12412x—10. 2266 3.12 4. 49 7.49
—10 y=2.8690x+2. 7470 0.25 0.71 3.04
5 y=3.6350x+1.4097 9.72 21.89 68. 84
2 0 y=4.0107x+1.7063 6.63 13.83 39. 06
2nd instar —5 y=26.66250—6.2393 2.03 3.16 5.90
—10 y=2.9398x+2.5671 0.28 0.76 3.15
5 y=26.66450—2.6793 14. 20 22.11 41. 30
3 0 y=10.5902x—4. 6849 8. 21 10. 85 16. 08
3rd instar —5 y=12.5644x—16.8516 2.29 2.89 4.03
—10 y=2.9591x+2. 2746 0.35 0.94 3.85
5 y=7.8440x—4. 3874 15.73 22.92 38.97
4 0 y=7.12892—1.9017 9.29 14. 06 25.21
4th instar —5 y=24.9168x—38. 1784 2.25 2.54 3. 00
—10 y=23.9348x+2. 6449 0.17 0.35 1.01
5 y=11.0244x—8. 2939 16. 06 20.99 30. 63
5 0 y="7.79792—2. 9999 10. 61 15.50 26. 44
5th instar —5 y=38.2594x—9.7092 2.52 3. 60 5.95
—10 y=23.9869x+3. 5629 0.10 0. 20 0.57
5 y=3.8444x+1.3492 8. 91 19.19 56. 68
0 y=4.2714x+1. 6863 9917 11.91 31.57
Prepupae —5 y=2.8360x+0. 8542 1.21 3.42 14. 83
—10 y=3.7970x+2.9123 0.15 0. 32 0.96
5 y=4.9751x—1. 0234 16. 24 29.40 67.90
0 y=5.10722+0. 0183 9.45 16. 84 38. 06
Pupae —5 y=2.8479x+0. 1865 2.04 5.76 24.84
—10 y=1.8676x+3.5669 0.24 1.18 11.01
5 y=4.4433x+1.2212 7.09 13.77 35. 15
0 y=6.7071x—0.2922 6.15 9.55 17.77
Adults —5 y=2.7468x+2.1617 0.45 1.32 6. 00
—10 y=1.6521x+1. 7453 0.07 0.39 4.81

% LT 50 LT g0+ LT g9. ¢ 50%,90%  99.9% LTs0, LTy, LT ¢are the period in days to

50%, 90% and 99. 9% mortality rate for the developmental stage of beet armyworm at low temperature respectively
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3 (1997,1998

Table 3 Mortality rate of pupal beet armyworm in Beijing field during winter

(d %)
Date buried No. of pupae Sampling date Time exposured Mortality Mortality rate
1997-12-30 200 1998-03-01 60 200 100
1998-12-28 80 1999-01-08 10 80 100
80 1999-01-18 20 80 100
80 1999-01-28 30 80 100
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