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Study on the cold resistance of the fall armyworm, Spodoptera frugiperda

ZHANG Tonggiang, ZHANG Lei. CHENG Yunxia, JIANG Xingfu”

(State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant
Protection , Chinese Academy of Agricultural Sciences , Beijing 100193, China)

Abstract To further clarify the cold-resistance and possible overwintering stage of Spodoptera frugiperda . the
survival rates of S. frugiperda at different developmental stages under four different low temperatures were
measured and the LTs,, LTy and LTy were calculated. The results showed that the survival rates of S. frugiperda
under different low temperatures decreased significantly with decrease of the temperature. At —10C , except for
pupae, the survival rates of other stages were less than 60% , and the survival rate of adults was only 40.34%. The
survival rate of pupae was significantly higher than that of other stages at —10C and —5C. According to the
mortality regression equation, the LTs,» LTy, and LTy of same developmental stage showed a tendency of 5C >
0C>—5C >—10C. Under the same temperature conditions, the viability of S. frugiperda varies with the
developmental stage. The low temperature tolerance of different developmental stages from weak to strong was
egg<adults<larva<pupa. Among all tested temperatures, the hatching rate of eggs after nine days is the highest
1.8% . These results showed that the pupa was the most likely overwintering stage of S. frugiperda. The LTy of
pupac was 40. 27 d at 0C, which indicated that it cannot overwinter in arcas where the temperature is
continuously lower than 0C for more than 40 d. These results provided a basis for the scientific overwintering
division of S. frugiperda . monitoring and early warning in China.
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The data in the figure are mean + SE. Different capital letters indicate significant difference of survival rates among different insect stages at the
same temperature, and different lowercase letters indicate significant difference of survival rates among different temperature at the same insect

stages (P<0.05, LSD)
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Fig. 1 Survival rate of Spodoptera frugiperda after exposure to different low temperatures for 2 h
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Table 1 Time-mortality lines of different stages of Spodoptera frugiperda at selected low temperatures

e i L, SUGRGEUG o KRR SRR
Stage Temperature egresAsmn df=3) d 95/0- confidence 95/({ confidence 93/0. confidence
equation interval interval interval
op 5 y=05.642 62x—3.087 7 0.093 3.953 3. 51~3.58 5.95 5.92~6. 17 9.11 9. 05~9. 56
Egg 0 y=6.188 50—2.8338 2.096 2.87 2.69~2.92 4. 62 4. 25~4.78 6. 82 6.51~7.28
—5 y=3.455 1x+0.328 1 2.198 0.80 0. 67~0. 85 1. 89 1.62~2.03 3.79 3.26~4. 21
—10 y=2.712 52+1.505 4 4.531 0. 28 0.21~0. 34 0. 83 0.71~0.93 2. 00 1. 82~2. 45
1§84t 5 y=2.367 4xz—1.752 3 0.318 5.50 5.39~8. 47 19. 12 10. 12~61. 71 52. 83 25. 83~239. 39
1st instar 0 y=3.160 9x—2.041 8 0.136 4.43 2.59~5. 52 11. 26 8.26~21.19 24.10 16. 11~65. 47
—5 y=4.709 2¢—2.087 5 0.070 2.78 1.62~3.58 19 3.31~6. 63 8. 66 6.55~12. 41
—10 y=2.241 3x+1.451 3 0.092 0.23 0.12~0. 35 0. 84 0.51~3.04 2.46 1.45~18. 21
2 W ah ® y=3.210 6—2.988 0 0.170 8.52 6.52~10.45  21.37 17.23~36.55 45. 21 24.85~115.52
2nd instar 0 y=3.163 8x—2.479 1 0.061 6. 08 4.67~9. 81 15. 44 10. 41~35. 68 33.03 19. 27~126. 82
—5 y=3.991 1x—0.964 1 1.048 1.74 1.44~3. 42 3. 65 2.35~8.21 6. 68 3.57~22. 40
—10 y=2.171 5x+1.283 2 0.909 0. 26 0.05~0. 51 1. 00 0.56~5.71 02 1. 03~47. 26
3 W4 5 y=3.151 9x—2.654 4 0.004 6.95 3.59~8. 16 17.73 13.56~28. 26 38. 04 24.76~82. 06
3rd instar 0 y=4.943 3x—3.077 1 0.579 4.19 3.47~4.79 7.62 5.36~9.71 12. 39 9.15~18. 57
=5 y=4.558 9x—0.323 5 0.044 1.18 1.00~1.73 2.25 1.59~5.77 3. 81 2.28~15.47
—10 y=1.906 8x+1.5384 0.570 0.16 0. 13~0. 25 73 0.47~1. 61 2.59 1.26~9. 23
4 350 5 y=05.443 1x—5.867 1 0.106 11.96 10. 39~17.81  20.57 15. 03~53. 37 32.01 20.19~131. 41
4th instar 0 y=5.800 3x—5.462 1 0.053 8. 74 7.78~10.73 14.54 11.37~24. 31 22.02 15. 35~47.79
=B y=4.955 7x—1.1521 0.055 1.71 1. 55~2. 07 3.10 2.51~5.29 5. 03 3.66~11.58
—10 y=3.506 1x+2.808 9 6.380 0.16 0.14~0. 17 .37 0. 30~0. 51 0.73 0.52~1. 26
5 W4 5 y=10.583 3x—13.436 5 0.162 18.60 16.90~25. 37 24.59 20. 32~47. 05 30. 87 23.56~78. 04
5th instar 0 y=06.563 0x—6.6926 0.199 10.47 9.30~13.78 16.41 12. 83~30. 51 23.67 16. 60~58. 68
—5 y=06.199 4x—2.884 3 0.010 2.92 2.72~3.12 4.70 4.17~5.75 6.93 5. 68~9. 82
—10 y=4.540 0x+4.142 9 3.388 0.12 0.11~0.13 0.23 0.20~0. 29 0. 40 0. 32~0. 57
6 {4 ® y=05.766 7Tx—5.704 7 1.502 9.76 8.77~12.21 16.28 12.78~28.76 24.70 17. 22~58. 30
6th instar 0 y=6.071 1—5.005 7 0.225 6. 68 6. 14~7. 60 10. 85 9.08~15.18 16. 13 12.31~27.07
—5 y=5.161 5x—1.0127 1.111 1. 57 1.42~1.71 2.78 2.47~3. 30 4.43 3. 66~6. 02
—10 vy=3.908 5x+3.895 7 2.067 0.10 0.09~1.16 .21 0.19~0. 27 0. 39 0. 31~0. 57
T 5 y=2.907 0x—2.519 8 0.206 7.36 5.93~12.16  20. 31 12.2~75.09 46. 46 21. 80~336. 69
Prepupa 0 y=3.1158x—2.090 0 0.119 4. 69 4.12~6.51 12. 08 8. 81~22.98 26. 15 15. 69~75. 81
=B y=2.042 52+0.084 5 0.081 0.91 0. 75~1. 20 3. 86 2.36~10. 98 12. 52 5.62~71. 39
—10 y=2.577 3x+2.470 2 4,303 0.11 0.10~0. 13 0. 35 0. 26~0. 54 0. 88 0.56~1. 83
1 5 y=2.906 6x—3.143 8 0.123 12.07 8.80~89.14 33.31 16.02~476.15  76.21 25.83~1 232. 46
Pupa 0 y=3.022 7Tx—2.524 9 0.797 6. 84 5.64~10.87 18.17 11. 52~60. 55 40. 27 20. 26~279. 09
=B y=1.963 721+0.478 7 0.473 1.75 1.13~2. 49 7. 88 4.47~31.15 26. 82 10. 68~266. 47
—10 y=1.278 4x+1.011 9 0.026 0.16 0. 05~0. 24 1. 63 0. 84~19. 21 10. 67 2.81~212. 39
JR R 5 y=3.550 3x—2.770 7 0.555 6.03 5.17~8. 27 13. 85 9.47~47. 43 27. 27 14. 81~206. 38
Adult 0 y=05.403 3x—4.033 1 0.134 5. 58 3.02~6. 41 9. 63 6. 88~14.93 15. 03 9.16~34. 92
=5 y=2.148 8210.883 3 0. 083 0. 39 0. 28~0. 50 53 0.98~4.79 4. 69 2.15~37. 89
—10 y=1.754 7x+2.072 2 0.250 0.06 0. 05~0. 67 0. 35 0. 13~60. 91 1. 40 0. 28~107. 29

1) LTs0,LTo, LTog 43 M AREIE 50 %, 90 % H1 99 Yo iz H Air e ZE Ak it ]
LTs0,LTo LTy are the days caused 50% ., 90% and 99 % mortality of Spodoptera frugiperda at low temperature respectively.
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