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Analysis on the population status of the beet armyworm. Spodoptera exigua

(Hubner) in Fengxian, Jiangsu Province, China
HAN Lan-Zhi', ZHAI Bao-Ping', DAI Shuai-Shan’, ZHANG Xiao-Xi', LIU Pei-Lei' (1. Department of

Entomology, Nanjing Agricultural University, Nanjing 210095, China; Fengxian Plant Protection Station, Fengxian 221700, Jiangsu
Provinces China). Acta Ecologica Sinica,2004,24(7):1388~1398.

Abstract: The beet armyworm, Spodoptera exigua (Hitbner) . is a polyphagous pest with worldwide distribution in tropical and
subtropical regions. A number of investigations have demonstrated that this species is a strong migrant, and in temperate
areas . the initiation of outbreaks by immigrants has been well documented. In recent years, the beet armyworm has risen to
the status of an economically important pest of many kinds of crop in China. It has become a problem especially in the north of
the country., even though this species cannot survive the cold winters typically in that region. In order to improve forecasting of
the inter- and intra-annual population fluctuations of this species, the status of field populations in Fengxian County (34. 79°N,
116.57°E), Jiangsu Province, was studied during 2002 by winter climatic analysis, simulation of spring emergence of the
overwintered generation, light trap monitoring. field population survey and ovarian dissecting of the light trap catches.
Historical light-trap data for this site, extending back to 1998, were also included in the analysis.

Beet armyworm adult populations were monitored with a 20-W black-light light trap operated from early April to late
October. All females trapped were dissected and graded according to the development status of their ovaries, and their mating
status noted. Laboratory populations were used to develop the grading scale, using images obtained with an SMZ-143 digital
dissecting microscope and enhanced with Cg2000 image-processing software. Five development grades were recognized:
transparent (pupae less than 5 days old), vitellogenesis (late pupae and newly emerged moths), matured (2" and 3™ day after
emergence) , egg-laying (4™ and 5™ day after emergence), and late egg-laying (6™ day after emergence, and later). The pattern

of moth occurrenced indicates that four generations occurred at this location in 2002. Analysis of winter climatic data for
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Fengxian showed that the survival rate of overwintering pupae would be very low, possibly zero. There was a large gap

between the emergence time predicted by degree-day analysis and the first light-trap catches, which strongly suggested that the

moths appearing early in the season (April) were immigrants. Mating rates and the proportion of matured ovaries in the 2nd

and 3rd generation (July and August) were about 80% and more than 70% respectively, but fell to 65% and 54% in the 4th

generation (late-August-October). This suggests that the 2nd and 3rd generations were predominantly immigrants in 2002,

but that the 4th generation mainly emerged locally.

Key words : Spodoptera exigua; ovarian development; population status; migration
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Fig.1 Ovarian development grading scale for beet armyworm (magnifying 10 0. 5X 1 times)
1 LT LI NL% Y
1 Transparent stage:Ovarioles are thin,long and transparent and contain no eggs ;abdominal cavity filled with rat;II  Vitellogenesis stage:
Large yoke deposited into chorionated eggs,No eggs in median and lateral oviducts. Still much fat in abdominal cavity , Moths mainly still
virgin; III  Matured stage:Ovarioles are crammed with many eggs without gaps,Most moths have copulated and have spermatophores in
some bursa copulatrix; IV Egg-laying stage :Ovarioles becoming short and number of eggs present is reduced due to many eggs having been
laid ; There are 2~ 3 spermatophores in most bursa copulatrix and an obvious decrease in the amount of thread-like fat; V. Late egg-laying

stage:No or a few eggs in shout and small ovarioles, Walls of ovarioles are slack and medium oviduct shrunken;Fat has almost disappeared
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2.1
1997/1998 . 1~2C, 1987 12 |
s s 2~3C, . .
4~5C, 1 . <0C 1997 12 4d( 5 .16 18
<5C),1998 1 13d, 1 15~21 7d —5.9C, <5C
54d(1997 12 19 1998 2 10 12 <0C 4d), 1998 .
(1997/1998 ),1998 (
1.38 CHM™ . 1999 13 . 50a . 1999
1 <0C 9dC 1), <5C 22d( <0C  9d);1998 12 12d
1.04C, 12 1 12 3.4C 3.0C, <2.2C, <0C  4d; 12d
30d(1998 12 1~12 .12 24 1999 1 22 ), 1999 90% .
1 1997~2002
Table 1 Air temperature in Fengxian from December to February. 1997~2002
1 January 2 February 12 December
<ocC <0C <o0C <0C <o0C <0C
e @ (d) e @ (d) i ) )
Year Mean Days Duration Mean Days Duration () Days Duration
monthly below  continuously ~ monthly below  continuously ean monthly e continuously
temperature 0C below 0°C temperature 0C below 0°C temperature 0C below 0°C
1997 — — — — — — 2.5 6 4
1998 —0.7 17 13 1.6 1 1 3.1 4 2
1999 2.2 9 9 5.1 0 0 2.5 5 5
2000 —1.5 23 20 2.2 6 4 3.9 0 0
2001 —0.1 13 6" 2.9 3 3 0.8 12 8
2002 2.7 3 2 6.4 0 0 — — —
%2001 1 2 6d <0C Occurred twice
13 . 1999/2000 . 1999 12 .
. 15~23 6~10C. ,
12 19~23 5d 0C (—3.6C, —5.3C, —5.4C, —4.6C, —1.8 C),2000 1 ,
. . ; =T 5C <0C 24d(1 12 ~2 4
YO D, 1 25~27 3d —5.8C,1 30~31 2d —5.25C, 1999 12 24
2000 1 11 2 5~26 19d  22d) <5C, , 72d(1999 12
17 2000 2 26 ) . 2000 .
.9 1 11 3000 , .
2001 ,2000 12, 2~4C, 1961
. <0C . <5C 23d(2000 12 19 2000 1 10
).2001 1 . , 3~5C, 6~16 23
~28 . 2001 1 11~16 24~29 6d 0CcC 1,
0C (—0.1C). 59d(2000 12 19 2001 2 14 ) , 2001
2001,2002 1.4C, 1999 . 50 2 .
. .2001 12, <0C 8d( 1), 12
,2002 1, . , . 2~4C, <0C
2dC 1, <5C 20d(1 15 ~2 3 ), . 2001 12 2
2000 1 9 (38D 1 15 ~2 3 (20d), 2002 1999 .

2.2



1392 24
2.3 C 2).4 5
, 4 ;6 7 1 s 6 32 7
8 s 33 7 9 s 8 34 9 10
s 9 C 3,
10d (1999.2000 2001 .
2 s 1998~2002 )
Table 2 Beet armyworm generations at Fengxian established by light trap catches (1998~2002)
Generation Year Date Rise Peak Fall Total catches
Overwintering generation 1998 04-20~05-17 04-23 05-01 05-06 49
1999 04-23~05-11 05-01 05-04 05-06 21
2000 04-07~05-07 04-25 04-29 05-04 36
2001 04-19~05-19 04-15 05-04 05-14 23
2002 04-01~05-04 04-02 04-03 04-30 17
1 1st generation 1998 06-04~07-15 06-16 06-21 06-29 382
1999 06-05~06-29 06-07 06-17 06-21 375
2000 06-02~06-30 06-03 06-16 06-24 180
2001 06-01~06-30 06-11 06-20 06-25 253
2002 06-04~06-30 06-10 06-19 06-27 131
2 2nd generation 1998 07-19~08-04 07-24 07-25 07-29 599
1999 06-30~07-27 07-16 07-20 07-24 1042
2000 07-08~07-27 07-10 07-17 07-23 347
2001 07-04~07-28 07-12 07-18 07-22 4402
2002 07-01~07-29 07-13 07-20 07-24 645
3 3rd generation 1998 08-06~09-06 08-14 08-17 08-25 12798
1999 07-28~08-28 08-01 08-17 08-24 3012
2000 07-28~08-25 08-09 08-17 08-23 6151
2001 07-29~08-28 08-09 08-18 08-23 8883
2002 07-31~08-29 08-09 08-13 08-20 16597
4 4th generation 1998 09-07~10-20 09-09 09-12 09-19 2984
1999 08-30~10-27 09-05 09-10 09-11 5898
2000 08-26~10-29 08-30 09-08 09-15 22301
2001 08-29~10-28 09-07 09-14 09-18 8687
2002 08-30~10-27 09-02 09-14 09-28 8603
2.3 2002 3
1.2 ’ ’ I Table 3 Predicted emergence date of Spodoptera exigua and earliest
o 1 captures in the light trap
I ’ Date of
; 1 Year Emergence date Earliest captures
I ) predicted by degree-days in light trap
9002 , 1998 04-28 04-19(16. 6 C)
1999 05-05 03-31( 7.0C)
° 2~3 80%  .2.3 2000 05-01 04-06(14. 0 C)
I 86.0% 72.9%, 2~3 2001 05-08 04-08(11.8C)
1 2002 05-12 04-12(14.5C)
45. 7%, * 15.1C
5 73.8 s 10d The threshold
5), 2.3 .7 temperature and the effective cumulative temperature for the pupae of
3 Spodoptera exigua are 15.1C and 73.8 degree-day respectively.
7097 . 80 Temperatures in parentheses show the 10day averages before the

capture date
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Table 4 Statistics of ovarian development of Spodoptera exigua caught at light trap for each generation(Fengxian, 2002)
<%
0 Ovarian development grades™
Generation Female Male Females dissected Mated ratio
11 111 v A%
(04-01~05-04)Overwintered 2 15 2 50
1st (06-04~06-30) 46 85 29 79.3 — — — —
2nd (07-01~07-29) 310 335 215 84.2 14.0 4.2 25.6 56.3
3rd (07-31~08-29) 8932 7665 812 79.8 27.1 8.7 25.7 38.4
4th (08-30~10-27) 3624 4979 830 64. 8 45.7 5.2 20. 1 29.0
(D See figure 1
5 ( ,2002 )

Table 5 Statistics of ovarian development of Spodoptera exigua caught at light trap for ten-day periods (Fengxian, 2002)

9%
0 Ovarian development grades %
Date Female Male Mated ratio
11 111 v \Y%
07-01~07-10 37 31 78.8 27.3 3.0 12.1 57.6
07-11~07-20 181 106 86. 6 10. 2 3.2 22.1 64. 6
07-21~07-31 92 200 83.3 15.0 6.7 36.7 41.7
08-01~08-10 2451 1391 83.3 28.5 6.9 26. 4 38.2
08-11~08-20 5306 5263 80. 5 28.7 8.6 26. 1 36.6
08-21~08-31 1692 1423 75.6 26. 3 9.7 22.2 44. 1
09-01~09-10 1248 1392 69. 3 33.1 2.8 17.4 46.7
09-11~09-20 1012 1483 60. 1 55.4 5.7 22.5 16. 4
09-21~09-30 487 1023 56.7 52.9 11.0 17.2 18. 6
* 30 s 30 30 females were dissected every day, If fewer than 30 females were caught, all
were dissected
4 «C 2 C 3 ,09-02 (324  ).09-09 (374 ).09-17
(518 ).09-26 (145 ).09-28 (174 I 16.7%.,90%.40% ,63.3%.40%.,80% .
40%,63.3%.25%.75% . o
2.4 1998~2002
1998 2 7 23~27 .5d 449 648 . s
» 8 C 4, 8 4 9 (51lmm  29. 2mm)
8 5 128 .10 116 8 12« 7 ) s13~16
612.1880,1873 2776 ;8 20 440 .8 12~15 37.8.29.4.6.8
36. Omm , . 4 9 10,521 ),
2984 5 8 N 52. 6mm,43. 6mm 120. 3mm( 5),
(3 12798 ) s
1998 7 520 1997~1998 ,1998~1999 , 20 80
( 18 Do s 1998 s ( 5~9 ), R
. 1949 , 1998 8 1999 2 6
;1999 6~38 9 3 C 5, 6).
s 6 20 82 ),2.3 7 15 1 ao7 ), 23 (149 ).29 (285 ).8
3 (238 ).7 (205 ).17 (206 ).21 (202 ) 24 (288 ) C 4); 2 1042 .3 3012
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C 2), 2.3 7 12 (782 7 10~11 73.8mm).,20 (597 ).22
(435 ).31 (206 .30 87.2mm) .8 4 (299 H.12 (561 .14 (517 ).19~20 (751 763 ).24
(443 > 28 (230 C 2, 12885 2 s 4402
(1990 ,428 ) ;3 1998 8883 ( 2),4 9 2 (288 .7
(695 H.11 (854 ) 15 (1053 )4 s 8687 2000
6 1998.1999
Table 6 Monthly rainfall for Fengxian in 1998 and 1999
Year 1998 1999
Month 8 9 10 11 12 1 2 3 1 5 6 7 8 9 10
Rair(lr[zil) 241.6 0 13.5 2.3 55 1.6 1.5 35.6 34.4 82.6 60.3 79.3 242 80.3 53.9
Anoi:;? 129.5 —70.4 —30.6 —20.9 —6.1 —13.9 —13.9 4.4 4.1 22.0 —32.1 —63.2 —87.9 9.9 9.8
1999~2001 3a .2001 12 2002 3 .
.7 . 2002 ’ 4 5 6 7
, C 5, o s 2 7 13 (48
) 20 (64 ) , 8 s (3
16597 2), 3 « 2, 10d (8 7~
16 ). 9953 .4 4 s 8603 . 2002 s s
s s, 4 B
3
3.1 Feng ,2001,2002 s s
o, 5a 2002 A
o BOA3 70%, 4 s
3.2 , s
. , 0. 48 %), .
s 10d 15.1C,
s s C 2,
3.3 , 126 C 2.6d,29C  1.8d"", )
7 12h 5.73h, 12h®, .
“ 7, . (Schistocerca gregaria) . (Choristoneura
Sumiferana) . (Agrotis ypsilon) s (o~21]

3.4 2003

s ’

,2004,140.
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