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Abstract In order to investigate the annual generation numbers of fall armyworm in different regions of China, and
provide scientific basis for fall armyworm forecast and integrated control, the developmental durations of each
developmental stage and whole generation of fall armyworm were determined at constant temperatures (20, 24,28, 32,
36C), and the effective accumulated temperature and the developmental threshold temperature were calculated. And
then the annual generation numbers of fall armyworm in different regions of China were predicted based on the 30 years
(1985—2014) meteorological data of 605 meteorological stations. Then the whole country was divided into eight regions
according to the annual generation numbers of fall armyworm using geographic information system. The developmental
threshold temperatures of eggs, 1st-6th instar larvae, pupae, female and male adults were 11.20, 9.63, 13.03, 12.88,
11.09, 13.04, 10.73, 13.90, 13.98 and 16.68C , respectively, and the effective accumulated temperatures were 41. 32,
41.32, 18.71, 28.23, 45.87, 60.33, 55.90, 90.97, 166.86 d+'C and 121.90 d-C, respectively. The developmental

threshold temperature and effective accumulated temperature of the whole generation were 12. 6C and 584.0 d-C,
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respectively. The theoretical average annual generation numbers of fall armyworm ranged from 0 to 7.41. The
theoretical average annual generation numbers decreased with the increase of latitude and altitude. In January, the
annual minimum temperature in the south of 12.6C isotherm was above 12. 6C, which was higher than the
developmental threshold temperature of fall armyworm, and the fall armyworm could develop normally all year
round. These areas include southern of Yunnan (annual generation numbers can exceed five generations at most) ,
southern of Guangxi, south of Guangdong, southeast of Fujian (annual generation numbers can exceed six
generations at most) , most of Taiwan (annual generation numbers can exceed seven generations at most) and all
of Hainan province (more than seven generation numbers throughout the year). The fall armyworm could occur
four to five generations and three to four generations in migration transition zones of Jiangnan and Jianghuai

areas. In Huang-huai-hai and the key prevention areas (northern China), the fall armyworm could occur two to
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three or one to two generations in most areas, and three to four generations in some areas.
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Table 1 Generational developmental threshold temperature and LX) 605 MR R A 1985 4E — 2014 41K

effective accumulated temperature of Spodoptera frugiperda

R R AR
KA BB (C£S)H/C (K£Sp)/H -3
Developmental Developmental Effective
stage threshold accumulated
temperature temperature
bl Egg 11. 2043. 19 41. 324£5. 23
1 {34l dt 1st instar larva 9. 6342. 20 41. 3244, 89
2 {4l Bt 2nd instar larva 13. 0343. 23 18. 71+2. 64
3 W4 3rdinstar larva 12. 884+2. 23 28.23+1.16
4 #34h H 4th instar larva 11. 09+£2. 61 45, 874+5. 33
5 W40 H 5th instar larva 13. 04=%0. 82 60. 3346. 52
6 ¥4 6th instar larva 10. 7341. 25 55.90+4. 91
i Pupa 13.90=%1. 14 90. 97+8. 38
% H Female adult 13.98=+1. 99 166. 86416. 11
HERLHL Male adult 16. 68+2. 24 121.90411. 76
214 Generation time 12. 60=40. 75 584. 00+26. 91
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Table 2 Theoretical average annual generation numbers of Spodoptera frugiperda from 1985 to 2014 at the representative sites

b Tarst  BEERE  BAERE
A= By M T . Z s AR AR/ AR AR EL /1R AR/ AR
; eteorological . . .. .
No. Province station Longitude Latitude Average annual Minimum annual ~Maximum annual
generation number generation number generation number

1 ¥ F4 Hainan pz3n 110. 25°E  20. 00°N 7.4140. 07 5.85+0. 06 9. 76+0. 08
2 J P9 Guangxi BT 108.22°E  22.63°N 5.9540. 05 4.29-0. 05 8.710. 06
3 )" % Guangdong Il 113.33°E 23.17°N 6. 2540. 06 4.58+0. 05 8.90=0. 07
4 2:H§ Yunnan 4] 102. 65°E  25.00°N 2.514£0. 05 1. 1140. 03 5.5940. 08
5 #& 4 Fujian =gl 119. 28°E 26. 08°N 5.1340. 04 3.65+0. 03 7.7940. 06
6 # M Guizhou B A 106. 73°E 26. 58°N 2. 8940. 04 1. 7240. 03 5. 0440. 05
7 s Hunan Kk 113.08°E  28.20°N 4.46+0. 09 3.07+0. 07 6.70=0. 13
8 VL7 Jiangxi =) 115.92°E  28.60°N 4.55%+0. 05 3.30+0. 04 6.5140. 06
9 X Chongqing EUN 106.48°E  29.52°N 3.8640.13 2.85+0. 08 5.5740. 15
10 P Tibet I 91.13°E  29.67°N 0.73%£0. 03 0.04=0. 01 3. 1540. 06
11 WiTL Zhejiang el 120.17°E  30.23°N 4,114+0. 06 2.794£0. 05 6.25+0. 07
12 4t Hubei I 114.13°E  30. 62°N 4. 24+0. 06 2. 9540. 06 6.31+0. 07
13 Pg)1| Sichuan AR 104. 02°E  30.67°N 3.44+0. 06 2.247+0. 04 5.42+0. 07
14 | ¥#§ Shanghai E1l 121.45°E  31.40°N 4. 054+0. 06 2.97+0. 04 5. 68+0. 08
15 42 Anhui gl 117.30°E  31.78°N 3.9540. 05 2. 63+0. 04 5.9540. 07
16 VLJR Jiangsu iy 118.80°E  32.00°N 3. 8140. 05 2.5240. 04 5. 8610. 06
17 PP Shaanxi P22 108.93°E  34.30°N 3.2940. 06 1. 834+0. 05 5. 60+0. 08
18 VB Henan EBH 113.65°E  34.72°N 3.5840. 05 2. 00=0. 05 5.9240. 05
19 Hift Gansu 22 103. 88°E  36.05°N 2. 060, 04 0. 66=0. 03 4. 5240, 07
20 115 Shandong W 117.05°E  36. 60°N 3. 6840. 03 2.23+0.03 5. 7320. 04
21 % Qinghai i 101. 75°E  36.72°N 0.72+0. 02 0.070. 01 3. 00=£0. 04
22 Tt Hebei AR 114.42°E  38.03°N 3.4740. 04 1. 95£0. 04 5. 69740. 05
23 7 Ningxia | 106. 22°E  38.48°N 2.24=0. 04 0.780. 03 4.56=0. 06
24 Kt Tianjin PR 117.07°E  39. 08°N 3.2340.03 1. 85+0. 03 5.2940. 05
25 4t 5t Beijing Jbat 116.47°E  39. 80°N 3.21%40. 03 1. 74=0. 03 5. 2540. 04
26 11174 Shanxi N 113.33°E  40. 10°N 1. 8240. 03 0.52%+0. 02 3.98+0. 05
27 M52 Inner Mongolia I 1 Y 4 111. 68°E  40. 82°N 1. 92+0. 04 0.59+0. 03 3.9340. 05
28 LT Liaoning b ALE| 123.52°E  41.73°N 2.35%+0. 03 1. 1540. 03 4.18=£0. 05
29 38 Xinjiang L fa oK 5 87.65°E  43.78°N 2. 2520, 04 0. 99740. 04 4.16=0. 05
30 F Ak Jilin K& 125.22°E  43.90°N 1. 9840. 03 0.940. 02 3. 5740. 04
31 By 7T Heilongjiang W IR 126. 77°E  45.75°N 1. 8840. 03 0.810. 03 3. 48+0. 04
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Table 3 Fitted values and theoretical values of annual generation numbers of Spodoptera

frugiperda at random selected meteorological stations

g A

HOE A

T — A (D /A

};\fj} Pf:ﬁ@ Meteorc?logical Theoretical Fijtyc\d%ﬁiluc (Theoretical Avalue—fitted value)?/

station value fitted value
1 #5R Hainan Bt 7.55 7.48 0. 000 7
2 J 7% Guangdong YT 6. 80 6. 74 0.000 5
3 J 75 Guangxi e 6.01 5.79 0. 008 4
4 & Fujian E#t 5.21 2 13 0. 001 2
5 i Hunan R 4. 69 4. 59 0.002 2
6 VLY Jiangxi Bk 3. 96 4.19 0.012 6
7 Wil Zhejiang -1t 3.83 3.83 0. 000 0
8 H K Chongging poul 3.70 3.77 0. 001 3
9 L Anhui Z M| 3. 64 3.51 0.004 8
10 1P Shanxi B 3. 50 2. 66 0. 265 3
11 14t Hubei e K 3.45 3. 49 0.000 5
12 75 Henan i3 3.44 3.11 0.0350
13 Kt Tianjin TS 3. 26 3.03 0.017 5
14 VL7 Jiangsu B 3.17 3. 09 0.002 1
15 175 Shandong R 3.16 3.22 0.001 1
16 4t Hebei JFE L 2.90 2.79 0.004 3
17 Hris Xinjiang 575 2. 89 2.14 0.2629
18 T Ningxia )1 2. 24 2.15 0.003 8
19 2 Yunnan W 2.23 2.59 0. 050 0
20 I T Liaoning EATY 2.21 2. 25 0. 000 7
21 7Y Shaanxi LN 2.08 2.02 0.001 8
22 K Jilin RS 2 44 2.03 1.93 0. 005 2
23 M52 Inner Mongolia PP T i A 1. 92 1. 50 0.117 6
24 HLHpIT. Heilongjiang Ak 1. 69 1.61 0.004 0
25 T Qinghai ESill 1. 39 0. 84 0. 360 1
26 Ht M Guizhou BT 1. 16 2. 36 0.610 2
27 H 7 Gansu B FIE 0. 36 1. 46 0.828 8
28 PG Tibet PAR4 0.11 0. 28 0.103 2
29 puJi| Sichuan a3k 0.01 0. 27 0. 250 4
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Fig. 1 Map of the theoretical annual generation numbers of Spodoptera frugiperda
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