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The developmental zeros effective accumulative temperatures and theoretical

number of annual generations of Spodoptera frugiperda in Shandong Province
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Abstract: The fall armyworm Spodoptera frugiperda (J. E. Smith) invaded Shandong Province in June
in 2019 and then infested maize in many areas posing a great threat to Zea mays L. production. The
effects of temperatures on the growth and survival of S. frugiperda in Shandong Province were studied and
the developmental zeros and the effective accumulative temperatures of the pest were determined the
number of occurrence generations of S. frugiperda in five representative regions was predicted. All the
research provided theoretical basis for monitoring prediction and scientific control of the pest. S.
frugiperda larvae fed with fresh maize kernels were reared at constant series temperatures ( 15 18 21
24 27 30°%C) in the laboratory. The durations and survival rates of different developmental stages were
observed. The developmental zeros and effective accumulative temperatures of S. frugiperda at each stage/
instar and the whole generations were determined by the linear regression method and the direct optimal
method and theoretical number of generations was calculated according to the meteorological data in
Shandong Province. From 15%C to 30°C  the developmental durations of each stage and whole generations
were significantly shortened with the increase of temperatures. At 15°C  the mortality rates of larvae and
pupae were 22. 57% and 85.71% ; at 18°C  the mortality rates of larvae and pupae were 21.09% and
23.19% respectively. The mortalities of preadults ( from eggs to pupae) were 97.37% at 15°C and
51.82% at 18°C. According to the linear regression method the developmental zeros of eggs larvae
pupae whole generations were 14.16 14.00 14.77 12.72°C  respectively and the effective
accumulative temperatures were 38.21 155.42 114.36 523.33 day * degree respectively; Based on
the direct optimization method the developmental zeros of eggs larvae pupae whole generation were
13.41 14.39 15.12 13.30°C respectively and the effective accumulative temperatures were 41. 96
149.20 110.47 497.78 day * degree respectively. According to the developmental zeros and the
effective accumulative temperatures from five representative regions of Shandong Province the theoretical
number of annual generations in five representative regions was calculated which was 3.6 ~ 3.9
generations in Northern Shandong 3.5 ~3.7 generations in Southern Shandong 3.5 ~3. 8 generations in
Central Shandong 3.2 ~ 3.5 generations in Western Shandong and 2.5 ~ 3.4 generation in Jiaodong
Peninsula ( Eastern Shandong) . The results showed that the suitable temperature range for the growth and
survival of S. frugiperda was 24 ~ 30°C; the theoretical number of generations of S. frugiperda in

Shandong were roughly divided into 2. 5 ~3. 5 generations in Jiaodong Peninsula 3.0 ~3. 5 generations in



Western Shandong and 3.5 ~4. 0 generations in Central Southern and Northern Shandong.

Key words: Spodoptera frugiperda; developmental durations; developmental zeros; effective accumulative

temperature, generation
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Table 1 Developmental durations of Spodoptera frugiperda at different temperatures
(d) Developmental durations at different temperatures
Developmental stage 15C 18C 21C 24°C 27°C 30C
Egg 9.92+0.02a 8.35+0.03b 6.26+0.04 ¢ 3.96+0.02d 3.13+£0.03e 2.59+0.04 f
1 1" larvae 9.24+0.09a 7.78+0.08b 3.96+0.02c¢ 2.12+0.03d 2.17+0.03d 1.72+0.04 e
2 2" Jarvae 8.04+0.11a 5.73+0.09b 2.80+0.03 ¢ 2.08+0.03d 1.90+0.03e 1.37+0.04f
3 3" larvae 7.73+0.08a 5.98+0.06b 2.86+0.03c¢ 2.06+0.04d 2.00+0.03d 1.60=0.04 e
4 4" Jarvae 9.39+0.08a 6.75+0.10b 3.16+0.04 ¢ 2.14+0.03d 1.85+0.05e 1.35+0.04f
5 5" larvae 12.20+0.15a 8.27+0.07b 4.37+0.04 ¢ 2.25+0.05d 1.97+0.03 e 1.23+0.04 f
6 6" larvae 13.18 £0.22 a 8.87+0.09b 4.57+0.05¢ 2.99x0.07e 3.24+0.04d 2.68 +0.04
Larvae 59.47 £0.66 a 42.97 £0.38 b 21.66 £0.12 ¢ 13.55+0.11d 13.08+0.10 e 9.86 +0.08
Prepupae 8.14+0.24a 5.48+0.09b 3.00+0.08 ¢ 1.62+0.05d 1.19+0.03e 1.00+0.00 f
Pupae 57.80+£2.05a 38.71£0.27 b 18.29+0.13 ¢ 11.08 £0.12d 9.92+0.07e 7.72+0.06 f
Pre-oviposition period - 8.25+0.49a 5.67+0.20b 5.06+0.37b 3.54+0.17 ¢ 3.38+0.29 ¢
Whole generation 133.40 £2.39 a108.25 +0.83 b 62.90 +0.36 ¢ 42.39+0.36 d 38.38 +0.24 e 32.27 +0.28 f
5% o Note: Under different treatments the

average value was marked with different lowercase letters which indicated that the difference was significant at the level of 5% .
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2
Table 2 Mortality of Spodoptera frugiperda at different developmental stages at different temperatures

(%) Mortality at different temperatures

Developmental stage 15C 18°C 21C 24°C 27°C 30°C
Egg 8.45+1.80a 6.53+1.75a 5.76+0.02a 4.76+1.89a 5.14+1.68a 4.14%1.53 a
1 1" larvae 4.58+1.59 ab 7.53+1.93a 2.22+1.10b 0.83+0.83b 2.41+1.19b 1.86=1.06b
2 2" larvae 7.23+2.01a 5.23+1.69ab 1.14+0.80b 1.52+1.44b 0.62+0.62b 0.63+0.62b
3 3" larvae 1.95+1.11ab 3.07%1.35a 0.57+0.57 ab 1.42%1.20 ab 0.00£0.00 b 0.00%0.00 b
4 4™ larvae 1.32£0.92a 2.53+1.25a 0.58%0.57a 0.88x0.87a 1.2420.87a 1.27+0.89 a
5 5" larvae 4.70+1.73a 2.60+1.29 ab 0.00+0.00b 0.88+0.88b 0.63+0.63 b 1.28 +0.90 ab
6 6" larvae 7.02+2.14a 4.00+1.60ab 0.58+0.58 ¢ 1.19%1.25bc 0.63 £0.63 ¢ 0.00%0.00 ¢
Larvae 22.57+1.33a 21.09+1.26a 4.70+0.55b 6.03+0.99b 5.14+0.61b 4.72+0.54 b
Prepupae 73.48 +3.83 a 13.19£2.83b 2.34x1.16 ¢ 3.64+1.78 ¢ 2.55%1.26 ¢ 1.30=0.91 ¢
Pupae 85.71+5.50 a 23.19+3.78 b 4.19+1.55¢ 2.83+1.61c 3.92+1.57c¢ 2.6321.29 ¢
- Eggpupa 97.3+0.011a 51.8£0.035b 17.320.034 ¢ 16.2+0.027 ¢ 16.0+0.027 ¢ 14.4 £0.025 ¢
5% o Note: Under different treatments the

average value was marked with different lowercase letters which indicated that the difference was significant at the level of 5% .

3

( )

Table 3 Developmental zeros and effective accumulative temperatures at different developmental

stages of Spodoptera frugiperda ( linear regression method)

K( =) € (%)
Effective accumulative temperature Developmental zero
Developmental Coefficient
stage + + of variation
Female Male Female + Male Female Male Female + Male
Egg 36.69£0.57 a 39.88x1.22a 38.21+0.17 14.61+0.22a 13.87+0.20a 14.16+0.02 0.09
1 1" larvae 23.45+£0.46a 22.06+£0.49a 23.63+0.55 14.76+0.18 a 15.26+0.16 a 14.76 £0.17 0.10
2 2" larvae 20.08+0.70 a 18.27+0.84 a 18.74+0.57 14.74+0.26a 15.03+0.36 a 14.85+0.26 0. 11
3 3" larvae 23.39+0.62a 24.13+0.84 a 23.28+0.25 13.42+0.20a 13.17+0.30a 13.21 £0.27 0.11
4 4" larvae 18.03+£0.31a 17.90+0.34a 18.10+0.32 15.26+0.20a 15.36 £0.14 a  15.26 +0.17 0.07
5 5" larvae 14.53£0.13a 15.56+0.54a 15.47+0.12 17.23+0.12a 16.79+0.10a 17.02 +0.09 0.26
6 6" larvae 34.50+4.55a 38.66+1.05b 36.60+1.89 14.08+1.73a 13.08+0.09 a 13.51 £0.52 0.13
Larvae 153.50 +1.34 a 157.43 +1.50 a 155.42+£0.77 14.06+£0.07 a 13.94+0.06 a  14.00 +0.03 0.08
Prepupa 1278 £+0.08 a 13.51 £0.04a 13.16+0.04 16.00+0.04 a 15.76£0.02 a 15.86 +0.02 0.09
Pupae 105.78 £0.64 b 124.77 +1.77a 11436 +1.04 14.85+0.04a 14.70+0.07 a  14.77 £0.04 0.06
49.41 +2.67 - - 11.38 0. 64 - - 0.24
Pre-oviposition period
Whole generation 513.75+£6.23 b 532.61 +8.15a 523.33+6.59 12.68 +0.06 a 12.77£0.07 a  12.72 +0.07 0.06
5% o Note: At the same

developmental stage there were different small letters after average value of female and male which indicated that there was significant

difference between them at the level of 5% .
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Table 4 Regression equations between temperatures and developmental rates of Spodoptera frugiperda

Regression equation r

Developmental stage +  Female + Male Correlation coefficient
Egg T=14.16 +38.21V 0.94
1 1" larvae T=14.76 +23.63V 0. 83
2 2" larvae T=14.85+18.74V 0.83
3 3" larvae T=13.21 +23.28V 0.75
4 4™ larvae T=15.26 +18. 10V 0. 84
5 5" larvae T=17.02 +15.47V 0.86
6 6" larvae T=13.51 +36.60V 0.65
Larvae T=14.00 +155. 42V 0.97
Prepupae T=15.86 +13. 16V 0.91
Pupae T=14.77 +114.36V 0.96
Pre-oviposition period T=11.38 +49.41V 0. 67
Whole generation T=12.72 +523.33V 0.95

5 ( )

Table 5 Developmental zeros and effective accumulative temperatures at different developmental stages
of Spodoptera frugiperda ( direct optimal method)
K( « ) c (%)
Effective accumulative temperature Developmental zero
Developmental Coefficient
stage + + of variation
Female Male Female + Male Female Male Female + Male

Feg 40.78 £0.48 a 42.89+0.69a 41.96+0.22 13.61 £0.08 a 13.28 £0.09 a  13.41 £0.04 0.07

1" larvae 23.82+0.48 a 25.07+0.45a 24.46+0.28 14.91+0.09a 14.62+0.10a 14.76 +0.09 0.10

2" larvae 21.99+0.13a 21.00+£0.69a 21.41+0.51 13.92+0.11a 14.21£0.25a 14.06+0.17 0.08

3" larvae 23.97+0.41 a 24.01£0.18a 24.10+0.36 13.73+0.18 a 13.72+0.15a 13.71£0.16 0.11

4" larvae 20.40 £0.11 a 20.37+0.11a 14.79+0.02 14.82+0.05a 14.80+0.01 a 20.42 £0.11 0.05

5" larvae 19.67 £0.21 a 20.86+0.16 a 20.28 +0.11 15.73+0.04 a 15.58 £0.04 a  15.65 +0.02 0.11

6" larvae 38.06+2.28a 40.36 £1.47a 39.09+0.59 13.47+0.42a 13.10+0.19a 13.30+0.15 0.13




5 Continued table 5

K( - ) ¢ ()
Effective accumulative temperature Developmental zero
Developmental Coefficient
stage + + of variation
Female Male Female + Male Female Male Female + Male
Larvae 147.24 +1.21 a 151.17+1.51 a 149.20+£1.27 14.46+0.08 a 14.33+£0.05a 14.39 +0.06 0.08
Prepupae 1411£0.12a 1496+0.44a 14.55+0.29 15.57+0.04a 15.42+0.09a 15.52+0.05 0.08
Pupae 101.21 £0.54 b 119.91 £1.05a 110.47 +0.81 15.19+0.01 a 15.05+0.03 a  15.12£0.02 0.06
59.26 £4.20 - - 10.91 0. 68 - - 0.16

Pre-oviposition period

486.98 £5.69 b508.39 +7.13 a 497.78 £6.19 13.30 £0.07 a 13.32+0.06 a 13.30 0. 06 0. 05

Whole generation

5% o Note: At the same
developmental stage there were different small letters after the average values of female and male which indicated that there was

significant difference between them at the level of 5% .
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6
Table 6 Theoretical number of annual generations of Spodoptera frugiperda in some regions of Shandong Province
Direct optimal method Linear regression method
2019 2020 2019 2020
Region Theoretical number Theoretical number Theoretical number Theoretical number
of annual generations  of annual generations  of annual generations of annual generations
in 2019 in 2020 in 2019 in 2019
( )
3.6 3.5 3.7 3.6
Southern Shandong ( Tancheng Linyi)
( )
3.8 3.6 3.9 3.6
Northern Shandong ( Wudi Binzhou)
( )
3.7 3.5 3.8 3.5
Central Shandong ( Taishan Taian)
( )
3.5 3.2 3.5 3.2
Western Shandong ( Chiping Liaocheng)
( )
3.3 3.1 3.4 3.2
Jiaodong Peninsula ( Jiaozhou Qingdao)
( )
3.1 2.8 3.2 2.8
Jiaodong Peninsula ( Fushan Yantai)
( )
3.0 2.5 3.0 2.6

Jiaodong Peninsula ( Rongcheng Weihai)
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