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Abstract  [Objectives]  The author explored the large-scale geographical variation in the frequency of intermittent
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outbreaks of the beet armyworm, Spodoptera exigua (Hiibner) in China, in order to determine the causes of outbreaks.
[Methods] This was done by analysis of the characteristics of administrative regions, including latitude and longitude,
within the geographical distribution of 121 large-scale outbreaks of beet armyworm which occurred in the 52 year period
from 1956 to 2008. [Results] Records from each administrative region indicate that outbreaks occurred in 17 provinces or
municipalities. These were divided into 3 groups based on the frequencies of outbreaks they experienced: low frequency (1 to
4 outbreaks), regular (5 to 9) and high frequency (10 or more). The number of outbreaks experienced in low outbreak
frequency regions were 1 in each of Tianjing, Beijing, Hainan and Hunan, 2 in Yunnan and 3 in each of Guangxi, Liaoning and
Fujian. The numbers of outbreaks in regular outbreak frequency regions were 5 in Hubei, 7 in Anhui and 8 in each of Shanghai,
Jiangxi and Shanxi. The regular outbreak frequency regions accounted for 29.8 percent of total outbreaks. The numbers of
outbreaks in the high outbreak frequency regions were 10 in Shandong, 13 each in Henan and Zhejiang and 34 in Jiangsu,
together accounting for 58 percent of total outbreaks. Outbreaks occurred across latitudes 21.44°—41.97°N, from Putian in
Fujian Province to Fushun in Liaoning province. The latitude range of the most frequent outbreaks was 28°-38°N, where
almost 89.3 percent of outbreaks occurred. The range of longitudes in which outbreaks occurred was from 107.09° to 123.97°E,
which is from Guangzhong in Shanxi to Fushun in Liaoning province. The longitude range of the most frequent outbreaks was
113°-121°E, in which around 81.8 percent of outbreaks occurred. [Conclusion] The major outbreak region was the Huabei
Plain and the middle and lower reaches of the Yangtze River. The main outbreak hosts were vegetables and cotton, and the
outbreak season was from July to October. The main geographical feature of high outbreak frequency areas was low altitude;
that is, an average altitude of less than 500 m (a very small proportion of outbreaks occurred in a basin with an average altitude
of 1 000—2 000 m). Climatic characteristics of this area include a temperature range from warm temperate (3 400°C< active
accumulated temperature< 4 500°C) to subtropical (4 500°C< active accumulated temperature< 8 000°C), and moisture range
from moist (annual precipitation= 800 mm) to sub-humid (400 mm< annual precipitation< 800 mm). High outbreak areas had
sub-tropical and temperate monsoon climate zones with hot, rainy summers and cold, dry winters.
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Table 1 The form of total year-frequency and the related information on beet armyworm outbreak of statistics
according to administrative provinces*

«C )
() Years A.D.
No.  Province Outbreak (%) . Month Host Region
frequency Percentage Regional number
of occurrence
1 L 1 0.8 2008 7—8 . )
Tianjin Vegetable Jinghai county
2 1 0.8 2000 8&—9 i
Beijing Alfalfa Changping
county
3 ) 1 0.8 2008 10—12 )
Hainan Vegetable Ding’an county
4 1 0.8 1958 8—10
Hunan Sugarbeet Fenghuang

county
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4% 1 (Table 1 continued)

C )
o Years A.D.
No. Province Outbreak (%) . Month Host Region
frequency Percentage Regional number
of occurrence
5 2 1.7 1999 2008 7—9 4—5 ) )
Yunnan Vegetable Kunming city
6 3 2.5 1999 2000 2008 4—6 56 Y (2)'
Guangxi ' 8—10 Vegetable ongning
Nanning
(@)
7 3 2.5 2000 2006 2007 7—9 :
Liaoning Vegetable Liaozhong
Fushun
2
8 . 3 2.5 1999 1999 2000 7—8 11 11  Vegetable _()
Fujian and broad  Putian Fuzhou
bean
(2
1999 20002 Xiaogan
? Hubei > 41 2008(2)( : [ Vegetable W hg
and cotton uhan
Jingzhou
Huanggang
2
(3)
1988 1991 2001(2) Quanjiao
10 7 5.8 7—8 8—10
Anhui 2003 2006 2007 Vegetable |, ing
and cotton
Susong
Chuzhou
1985 1986 1988 7)
) 6.6 1990 1991 1992 7—8 8—10 Fengxian
Shanghai 1994 2003 Vegetable Shanghai
suburbs
(3)
1990 1991(2)
12 i . 8 6.6 2000(2) 2001 6—10 7—38 Veetabl Jishui An’fu
rangxt 2002 2008 cgetable Yichun
Nanchang

Xinyu Yingtan
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43R 1 (Table 1 continued)

(
o Years A.D.
No.  Province Outbreak (%) . Month Host Region
frequency Percentage Regional number
of occurrence
C))
1998  1999—2000 ?2)
13 8 6.6 7—9
Shaanxi 2001 2002 2003 Vegetable Gua.nzhon.g
2007(2) Huayin Xi’an
Hancheng
)
2
1956 1958 1996 )
14 10 8.3 1999(4) 2000 79 Vegetable yvantan  Heze
Shandong cotton .
2001 2002 Laixi Gaotang
corn peanut Caoxian
and .
sugarbeet Zhanggin
Liaocheng
2
2
(3)
()
1994 1997(3) Sanmen Xia
15 13 10.7 1999(6) 2001(2 8T An’
Henan : (6) 2 710 Vegetable Fyang
2003 cotton and Lingbao
soybean Zhumadian
Xiuwu
Shangqiu
Xinxiang
Wugang
(3)
(3)
1991 1994(2) 3)
1996 1997 West Lake
16 13 10.7 7—8 T7—9
Zhejiang 2000(3) 2001 Vegetable Hangzhou
2003 2004 2005 cotton and Zhe’nan
2006 tea plant Haiyan
Xiangshan
Wenzhou

Jiaxing
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43R 1 (Table 1 continued)

0 Years A.D. ( )
No. Province f(r) ;222?:; Perée/;)l)tage Regional number Month Host Region
of occurrence
(4)
(7 (5)
(2
1980 1986 ©)
1991(4) 1993 (S ®)
1994 1995(2) s 9 5 10 Dafeone T
17 . 34 28.1 1997  1999(3) Vegetable, g reng
Jiangsu 2000 2001(3) 7—8 79 cott(l))n,t county Diongtai
2002(6) 2004(6) asggsfylfeean szlfjagx;imn
2006(3) 2007 g
Sheyang
Yancheng
Huaibei
Huanghai
121 100.0
Total

The table is finished according to the beet armyworm outbreak resources recorded by nearly 100 history literatures and local
pest monitoring files, its cited literatures are so many as to list, if there are readers who want these resources please contact
with us.
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The provinces of the beet armyworm outbreak’s total year-frequency
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Fig.1 The chart of administrative and geographical distribution in outbreak frequency of the beet armyworm in China

R2 TRGECEHRRIEFRAIIER (1956—2008)
Table 2 The statistic form of total year-frequency and the related information on beet armyworm outbreak
according to latitude  1956—2008

Range of latitude Latitude Outbreak Percentage Cumulative

( °N) ( °N) frequency (%) percentage(%)
18.01-20.00 20.00 1 0.8 0.8
20.01-22.00 22.00 3 2.5 33
22.01-24.00 24.00 0 0 0

24.01-26.00 26.00 5 4.1 7.4
26.01-28.00 28.00 13 10.7 18.2
28.01-30.00 30.00 19 15.7 33.9
30.01-32.00 32.00 18 14.9 48.8
32.01-34.00 34.00 42 34.7 83.5
34.01-36.00 36.00 14 11.6 95.0
36.01-38.00 38.00 2 1.7 96.7
38.01-40.00 40.00 1 0.8 97.5
40.01-42.00 42.00 3 2.5 100.0

Total 121 100.0 100.0
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Fig. 2 The chart of latitude distribution in outbreak frequency of the beet armyworm in China

R3 AELELCREMERBERLEINREK (1956—2008)

Table 3 The statistic form of total year-frequency and the related information on beet armyworm outbreak

according to longitude 1956—2008
Range of longitude Longitude Outbreak Cumulative
( °E) ( °E) frequency Percentage(%) percentage(%)

101.01-103.00 103.00 2 1.7 1.7
103.01-105.00 105.00 0 0 0
105.01-107.00 107.00 4 33 5.0
107.01-109.00 109.00 6 5.0 9.9
109.01-111.00 111.00 7 5.8 15.7
111.01-113.00 113.00 9 7.4 23.1
113.01-115.00 115.00 17 14.0 37.2
115.01-117.00 117.00 16 13.2 50.4
117.01-119.00 119.00 9 7.4 57.9
119.01-121.00 121.00 48 39.7 97.5
121.01-123.00 123.00 3 2.5 100.0

Total 121 100.0 100.0
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Fig.3 The chart of longitude distribution in outbreak frequency of the beet armyworm in China
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Fig.4 The chart of latitudinal and longitudinal distribution in intermittent outbreak region of the beet armyworm in China

1. 1 (3400 C< < 4500 C) (
400 mm ) 500 m. The number 1 of intermittent middle and high frequency
outbreak area of the beet armyworm(the plain of Huabei):it belongs to warm-temperate region(3 400°C< active accumulated
temperature < 4 500°C), subhumid area(annual precipitation = 400 mm), temperate-monsoon climatic region, average
elevation < 500 m; 2. 2 4500C< <
8000°C 800 mm 500 m The number 2 of intermittent

middle and high frequency outbreak area of the beet armyworm(the plain of the Lower Yangtze Region ): it belongs to
subtropical region(4 500°C < active accumulated temperature < 8 000°C), humid area(annual precipitation>800 mm),

subtropical mansoon climate area, average elevation < 500 m; 3.
300 800 m 1 000 m
1000 1500m 2 000 m
1200 2000 mm The low or common frequency outbreak area of the beet armyworm

belongs to the south of China of subtropical area. In the territory there are mountains, hills, basins, plateaus, plains, islands
and waters. Eastern elevation between 300-800 m, a few peaks exceedl 000 m; west elevation more in 1 000-1500 m, 2 000
m or more in a few; that belonged to the tropical and subtropical monsoon climate, hot and rainy summer and winter long,
wet and dry compare distinct seasons, the annual precipitation is generally 1 200-2 000 mm. 4. o4

‘o The “+”in the chart is the outbreak year of the beet armyworm, the more “+”

show that the more times, the beet armyworm outbreak have taken.

1000 2000m

2012
4 000 m

500 m
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Table 4 Status comparison with the major climate type and outbreak frequency of the beet armyworm in China

Climate type Climate character Distribution

Typical city Outbreak frequency

Leizhou Peninsula

Tropical monsoon

climate High temperature Hainan Island
drought and wet season  Taiwan Southern
Yunan
Subtropical monsoon ngh_ temperature and South of
climate fainy in Summer, Qinling-Huai River

low temperature and
less rainfall in winter

Haikou Sanya .
. Media frequency
Gaoxiong etc.

Guangzhou Wuhan
Shanghai Chongqing
Hangzhou Nanjing etc.

High frequency
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Extratropical monsoon High temperature and North of Beijing Tianjin Media frequenc
climate fainy in summer, Qinling-Huai River Ha’erbin q Y
cold and drying " ’
in winter Ji’nan, etc.
4:3% 4 (Table 4 continued)
Climate type Climate character Distribution Typical city Outbreak frequency

e reater part of
Torridity in summer, Greater part o

T t. ti tal inii .
empetate continenta cold in winter Xinjiang, Urumchi, etc. Low frequency
climate ’ west part of
drought and less .
. . Inner Mongolia
rainfall in whole year
plateau
Significant and vertical
Plateau and in cli Greater part of ..
au al changes in climate, . P Lasa, Xining, etc. Low frequency
mountain climate lower temperature Tibetan Plateau
associated with
higher height

2.5 WHPEMERERELZINEHTEEYFE
1 1956—2008 52 2.6 HEMFERIERLZNENSHMIFT

4 1 1956—2008 52
4
6 6
7 8 9 10
7
8 9 8
10 4~6 11
s 3 ¥ i
83 121 68.60% (2010)
35 121
30.0% 96
84.2% 1

4°C 1
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x5 PEEXERHFEZDCEREIMESITR (1956—2008)

Table 5 The statistic form of total year-frequency on beet armyworm outbreak according to crop types

Crop category Crop name Outbreak frequency  Crop category Crop name Outbreak frequency
3
Bean Soybean Vegetable Asparagus
. 2
Bean Broad bean Vegetable Cauliflower
1
Dry crop Corn Vegetable Snap bean
. 2
Flower Chrysanthemum Vegetable Pinang-taro
3
Flower Flower Vegetable Pepper
Compound 46
Sugar Sugarbeet Vegetable vegetable
Forage Alfalfa Vegetable Cotton and 15
vegetable
20
Tea plant Tea plant Cotton Cotton
( )*
15)*
Vegetable Welsh onion Cotton Cotton and (15)
vegetable
4
Vegetable Shallot Other crops Other crops
121
Vegetable Cabbage Total

* “ ” “ “ " ”

99 <

The result has been totaled in the “vegetable”-“cotton vegetable”, then it is not added to the “total”.

F6 PEMRRBRBADEINRBAFIBAMERAFRITR (1956—2008)
Table 6 The form of total year-frequency on beet armyworm outbreak of statistics according to the month of
outbreak starting and ending
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Month 1 2 3 4 5 6 7 8 9 10 11 12 Total
Outbreak-frequency of o o o 1 3 7 74 32 2 0 2 0 121
begin month
Outbreak-frequency of 0 0 0 0 0 2 1 30 69 17 2 0 121
end month
1 . 13 ”
4.
1
2. 13 ” 2
500 m, 3
3400C< < 4500C
( 400 mm )
4500C<
< 8000C 800 mm 5.
1999
1999
7—10
1999
2010
2002 2010
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