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Effects of short-term heat stress on the survival and fecundity of
Spodoptera frugiperda (Lepidoptera: Noctuidae)

LI Xiangrui®, CHEN Zhiyong®, Batuxi, YIN Xintian, ZHU Xun, ZHANG Yunhui"

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

Abstract The objective of this study is to clarify the effects of short-term exposure to high temperature on the
survival and fecundity of the fall armyworm, Spodoptera frugiperda, and provide a technical support for the
prediction of the occurrence and integrated control of this pest in summer. The eggs, larvae of different stages,
pupae and adults were treated under the condition of short-time high temperature, respectively, and their effects
on the survival rate, pupation rate, eclosion rate, pupal weight and reproduction were determined. The results
showed that the 37°C had no significant effect on the hatching rate of eggs; the hatchability of eggs treated at
40C for 4 h was significantly inhibited; the hatching rate of eggs exposed to 45C for 3 h was 7.29%, and eggs
exposed to 45C for more than 4 h could not hatch. Exposure to 37—40C had no significant effect on the survival
rate of pupae, but continuous treatment for five days with daily exposure to 43°C for 4 h significantly reduced the
survival rate of pupae. The survival rate of pupae treated at 46 C for 4 h every day in continued five days was 61.
29% . The survival rate, pupation rate, eclosion rate, adult life span and fecundity were less affected by high-
temperature exposure at 37 —43C; however, the pupal weight gradually decreased with increasing exposure
temperature and larvae age; the pupal weights of the 5th- and 6th-instar larvae treated at 37°C for 4 h significantly

reduced, and the pupal weight of the 6th-instar larvae exposed to 46°C for 2 h decreased to 111.54 mg, which was
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54.30% of the control (205.42 mg). The hatching rates of eggs were significantly reduced when the adult stage

was treated at 40C for four hours per day in three days; the hatching rate of eggs gradually decreased with

increasing temperature and duration of high-temperature treatment, and the hatching rate of eggs treated for 4 h

at 46°C decreased to 12. 34%. These results indicated that S. frugiperda had a strong heat tolerance, and the

inhibition effect of high temperature on its population had a time lag effect to some degree.
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Fig. 1 Effect of short-term heat stress on the hatchability of Spodoptera frugiperda eggs
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Fig. 2 Effect of short-term high temperature exposure for four hours on the survival rate of Spodoptera frugiperda pupae
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Table 1 Effects of short-term high temperature exposure for four hours on the larval survival rate and pupal weight of

different instars of Spodoptera frugiperda

e it b
High temperature exposure B/ % L=/ % P/ % Ui E /mg
R/ C W HA Survival rate Rate of pupation Rate of emergence Pupal weight
Temperature Stage
37 1 (91.76+1.94)a (91. 3742.37)a (83.5442.75)a (201. 37£56. 30)a
2 (92.55+2.16)a (86.3643.41)a (85.4943.04)a (206. 45+43.19)a
3 (90. 77%1. 98)a (90.484-1. 67)a (82.814=2. 34)ab (203.7267. 38)a
4 (93.33%1.8Da (87.6542.13)a (84.1144.12)a (196. 68+43. 25)a
5 (89.78=+2. 36)a (88.444-2.67)a (84.0542.01)a (176.49+39. 72)b
6 (91. 447+1.73)a (88.1043.72)a (84.2243.43)a (171. 3640. 31) be
25(CK) (93.37%1.48)a (90. 2741. 28)a (83.824-2. 37)ab (205.42£43. 12)a
40 1 (88.89+2. 04)ab (85.2843.18)ab (82.2141.76)a (195. 46+50. 43)a
2 (91.1141. 28)a (85.804=2. 73)ab (87.6842.34)a (197. 43£38. 14)a
3 (87.11£2.75)ab (84.7642.18)ab (86.8641.56)a (186. 947460. 37)ab
4 (88.56=+3.04)ab (85.2342.31)ab (84.06+4.10)a (174.347+38.97b
) (86.67=+1.96)ab (83.7143.42)ab (80. 2243.97)ab (160. 27+29. 41)c
6 (87.784+2.13)ab (83.2442.89)ab (79.96+4.19)ab (153. 21430. 86)cd
25(CK) (93.37£1.48)a (90. 2741. 28)a (83.8242.37)ab (205.424+43.12)a
43 1 (89.63%3.17a (86.6743.17)a (82.7442.83)ab (204. 73+62. 38)a
2 (90.55+2. 61)a (84. 6744.32)ab (80. 6243. 67)ab (198. 5655, 49)a
3 (89. 26+3.72)ab (82.6743.81)ab (83.0944. 38)ab (188. 04+46. 22)ab
4 (87.64=+4.16)ab (83.7842.76)ab (84.09744.12)a (187.537426. 41)ab
3 (89.43%+3.67)a (84.5542. 34)ab (80. 2943. 76)ab (152. 42418. 22)cd
6 (88.63+4.13)ab (81.50+3. 63)ab (76.3442.40b (130. 77419. 36)e
25(CK) (93.37%1.48)a (90. 2741. 28)a (83.8242.37)ab (205.42+43.12)a
46 1 (86. 67+2.98)ab (83.67%4. 18)ab (80. 5443. 04)ab (188. 76+28. 64)ab
Z (80.15+3.14)b (82.3345. 04)ab (85.7142.51)a (182. 25+30. 86)ab
3 (60. 2142. 46)c (79. 3314. 83)ab (86.36£3.82)a (174. 82+40. 23)b
4 (52.22+1.17)d (81.3443. 27)ab (80. 6844. 31)ab (170. 61442, 13)be
5 (79.51%2.79)b (73.89+4.53)b (75.36%1.96)b (141. 23%18. 67)d
6 (81.78E3.24)b (72.8143.92)b (63.1143.42)c (111. 54720. 04> f
25(CK) (93.37=%1.48)a (90. 27+1. 28)a (83.8242. 37)ab (205. 42+43. 12)a

1) e 46 CogAb3 2 h (Y25, AR B A0 HE 4 b S5 . BOE Y R T35 = AR vt o A [R)30 E Ab 3 R [R) 5 K dle e AN [l NS FERE SRR 4
Duncan [GE7 58 Mk 2% 4 2 5 HRTE 0. 05 K25 5 18 3 (P<<0. 05), .,

Larvae were treated for 2 h at 46°C and 4 h at other temperatures. The data in the table are mean®=SE, and the data followed by different

lowercase letters in the same column under same temperature are significantly different at 0. 05 level by multiple comparison of Duncan’s

new complex range method. The same applies below.
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Table 2 Effects of short-term high temperature exposure for four hours on the adult survival rate and fecundity of Spodoptera frugiperda

e VAL 3
High temperature o ; . o
exposure P At RV RN/ MR SR/
. . Pre-oviposition Oviposition Number of eggs Hatchability
B/ C AEBRRAL/d Siasivell e pudill B sipero period period laid per female of eggs
Days of
Temperature (reatment
37 1 (99.04=%1.86)a (14.55+0.68)a  (4.81=£0.21)a (7.4540.4Da  (960.93£59.300b  (86.7641.57)a
3 (98.76+2.04)a (14.30+0.82)ab (4. 90=£0.37)a (7.43+0.51)a (1 164. 66+90. 68)a (88.4942.03)a
5 (98.37%1.42)a  (13.93£1.49b  (3.13£0.17)b (7.2640.51)a (1 108.81+78.63)a (84.31=%1. 76)ab
25(CK) (98.4242.14)a  (15.11+£0.93)a  (5.12+0. 18)a (7.89740.34)a  (949.19+£56.47)b  (88.9442.17)a
40 1 (96.1843.25)a (14.39£1.50)b  (4.61£0.42)ab (6.5740.49b  (963.64478.93)a (84.32+1. 98)ab
3 (97.6144.21)a (13.47+0.85)bec  (3.27=£0.14)b (6.4340.37)b  (928.93+59. 30)a (79. 64+2. 24)b
5 (98.2442.38)a (13.07+£0.63)c  (3.03+0.17)c (6.4040.43)b  (885.23+58.49)ab (73.48+1.77)b
25(CK) (98.4242.14)a  (15.11£0.93)a  (5.12=£0. 18)a (7.89740.34)a  (949.19+£56. 47)a (88.94=42.17)a
43 1 (97.3743.42)a  (13.94+0.66)b  (3.85+0.29)b (6.4240.46)b  (909. 48+93. 68)a (62.95+1.24)b
3 (96.4244.51)ab (12.59+£0.65)c  (3.64£0.19)bc (6.5740.35b  (851.09484. 23)b (54.60=41.32)b
5 (91.2744.32)b  (12.08+0.88)cd (3.11+£0. 15)¢ (5.79740.32)bc  (827.03+£74.51)b  (33.7941.04)c
25(CK) (98.4242.14)a  (15.11£0.93)a  (5.12%£0. 18)a (7.8940.34)a  (949.19+£56. 47)a (88.94=%2.17)a
46 1 (27.2641.13)b  (11.14=+0.64)b  (3.28+0. 23)b (5.07£0.21)b  (270.71£18.74)b  (12.34740.87)b
2 (3.794£0. 87)c — — — — —
3 0 — — — — —
25(CK) (98.4242.14)a  (15.11£0.93)a  (5.12%£0. 18)a (7.89£0.34)a  (949.19456.47)a  (88.94+2.17)a
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