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Seasonal Occurrence of Tobacco Cutworm, Spodoptera litura Fabricius
and Beet Armyworm, Spodoptera exigua Hubner Using Sex Pheromone
Traps at Different Locations and Regions in Yeongnam District

Soon—-Do Bae®*, Hyun—Ju Kim, Geon—Hwi Lee and Sung—Tae Park
Yeongnam Agricul. Res. Inst., NICS, RDA, Milyang 627-130, Korea

ABSTRACT : Seasonal occurrences of tobacco cutworm, Spodoptera litura and beet armyworm, Spodoptera
exigua were observed using sex pheromone traps at different locations and climatic regions in Yeongnam
district. In Gyeongnam province, S. Jitura male adults kept occur from mid or late March to mid or
late November. Whereas in Gyeongbuk province, S. litura occurred from mid or late April to early
or mid November with exception at Uljin where it was late May to late October. According to the
climatic regions, the peak occurrence of S. /itura was middle September at the southern coast region,
late August at the inland and the basin region, middle August at the inland mountainous region, and
early September at the eastern middle coast region. The occurrence rate of S. litura was the highest
at Jinju with 20.0% and the lowest at Changyeong with 8.6% in Gyeongnam province, while it was
the highest at Sungju with 3.3% and the lowest at Uljin with 0.8% in Gyeongbuk province. In accordance
with the climatic regions, the occurrence rate of S. lifura was the highest at the inland region with
43.7%, and followed by the southern coast region (36.3%), the basin region (8.4%) and the inland mountainous
region (7.0%), and was the lowest at the eastern middle coast region with 4.6%.

On the other hand, S. exigua occurred from early March to middle November with the exception of
the eastern middle coast region including Pohang, Yeongdeog and Uljin in Gyeongbuk province where
it occurred from mid April to middle November. The peak occurrence of S. exigua was early August
at the inland region, the basin region and the inland mountainous region, and was late of August at
the southern coast region and the eastern middle coast region. The occurrence of S. exigua was the
highest at Changyeong with 1.6% and the lowest at Busan with 0.4% in Gyeongnam province, while
it was the highest at Sungju with 37.2% and the lowest at Uljin with 2.7% in Gyeongbuk province.
The climatic regional occurrence rate of S. exigua was the highest at the basin region with 54.3%, and
followed by the inland mountainous region (29.9%), the eastern middle coast region (9.3%) and the
inland (3.9%), and was the lowest at the southern coast region with 2.6%.

As a whole, S. litura occurred more in Gyeongnam province than Gyeongbuk province, while S. exigua
occurred more in Gyeongbuk province than Gyeongnam province. According to the regions grouped
by climatic differences, the occurrence of S. litura and S. exigua was the highest at the inland region
in Gyeongnam province and at the basin region in Gyeongbuk province. The total number of S. litura
captured by sex pheromone trap was 2.4 times higher than that of S. exigua. However, the first occurring
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time and the peak occurrence of S. exigua were slightly earlier than those of S. flitura.

KEY WORDS : Spodoptera litura, Spodoptera exigua, Sex pheromone, Seasonal occurrence, Occurrence
rate, Location, Climatic region

P SRS A9 9 Z1FANE DA e shiupg o) AR Zh2ke] JH RS
o]-gsto] ARSI FEAHoA i AM TS 3 FoleiE 1Y FokertA] DA
ZEA oA AN 49 FoleiE 1Y SR BAsioy, &4 59 skeRE
109 ste7hA] SYsHETh
Z|FANE AN ue] HYR AT = ERSAA YN 98 T, WREAH H BRI A A
8d 3t WFARIAIH AN 8Y S, 223 SHAFTFAWANA 9 Awoiiet. oA A v
A d WAYREL ] A AFolA 200%2 7P o, Aol 8.6%=2 7HE Wkl A5
e AFolA 33%= 7P e, EX10iM 08%E 7P Welth 7| & AU BAgE g2 SR
A A3 T%Z 7P wen, e RS HolA 36.3%, EAA A 8.4%, WHAEA| T o)A
7.0%01 1, FHLTFA AN 4.6%= 7 Wtk

T, s BEY] TS RANE AdshE 39 AeiH 1149 Fe7HA] TS 23,
e % 219 FaitFRAIelA e diAz 49 FeRE 1Y Se7HA DSk 7154
E shehpge] TRAHAG7 = WEAD, SAAW 2 WRAEA AN 8d A<, FRAA H
FAHASEAIA A 84 sheol k. shihyge] A wARl e A B FFoAM 1.6%=
7P B oH, FAkolA 04%= 7H Wekal, 5] e AFolM 372%2 7 wdten, &M
27%E 7P U 715 AN E WSS EAAHOA of 43%E 7P gk, e WEARHA]
ol Al 29.9%, F3tF AU A 9.3%, WSAHAA 3.9%1 3L, EF-HUAA A A 2.6%= 71
WA

uhebA G AN A A, sRh S AR oh A E ]l 7)Ao galA
Apjupge] A o] USAd, shihpe] SR FRe] EAA NN 78 g3tk FEA
ol B A Ee] e sk 2400 ghgkout, & UAIAI7|oF WA RV i AAl

46(1), April 2007

ojupshiet shyhuae] ofzh Wit

ZMO| i AN u VY, shiup, AR, S, WA, A9, 7SR

A e P} ahpe A, ofd B 2thA]
ol A4 FHY obA Eazstal lem(Mochida and
Okada, 19784), LH]E(Lepidoptera), ¥1HITHNoctuidae)
SpodopteraZ;ol &3k= 7P WEZQ sHlFTLR
(Horikiri, 1964; Garda et al., 1984; Takai, 1987, Goh
et al., 1991; Bae et al., 1997), 7Va)s1s 712=0] 227}
1004 o4l 7 3229l Fald B 41 s
=2 ¢2A Yt Minamikawa, 1937; Mochida and Okada,
1974). = jollA] of2igt Fo] thA Ho s2kE Auld
oA a3 AF R JAAET] AIARE R 1980t
FHrREZGL T 4 glom, ol FYo WAEFos
35t A STl AjAZNE AiHA ) grge
Hol 9l= Ao 2 24311 QITi(Shin ef al., 1987; Goh
et al, 1991). EFF o]F aiF9] 52 AHH R oA

ek =& AT 2 Ao R o {5718 Al
%2 ol 7 FAFATE o oL 7H thEA
o] kA dfiEo 2 RByrwlo] QJeKChoi ef al, 1996; Kim
et al., 1998; Bae et al., 2003). E3], HAlgoad =7
ol &Hx= AW AHiEES A¢- olF T AEH
Beloll o3t AHEe] oA Bl Bolmct A ol
oh g 4 ook Teiste] TRk Sl 2 %) WA
o 2 Telol TeE AT} ol HE olFolA ghou)
OFE o} W sl Ae TelE Slet 7|2 A
7t AJ&s] BE5 P qlok

40| 24| Ul¢ £ SAlAN L ofdy
A 3l& 0. 2(Garad er al., 1984; Bae ef al., 1887) &2
U o] HRAHof oAl k= ZleR HuEo] §lont
(Shin ez al., 1987; Bae, 1999), Hl2 EYoj 25t AJ&=2



Bae et al.: Seasonal occurrence of tobacco cutworm and beet armyworm in Yeongnam district 29

EANE AEHH 0 [RIEL QLo ZA oAl Al =]
= ZEoA f5o] TEE Al7le o EHolERE 4%
719} 3871710 A4t Zpol7t lol(Bae, 1999;
Choi et al., 2005) o}z B 2o 2= ol H|frisidS
gkeE I ASgh WA E 7 R A ok Afeet 3
4 Qlth

SR ut AuR|of ohAY sto] £ e ofr|st
e 25 U854, V54 R HEES
ol g3t WAA1Z W WA T2 LS o= =9
A7} =9 O K Park ef al., 1991; Park and Goh,
1992; Goh et al., 1993; Kim et al., 1995; Choi et al.,
2005), FEjAA Y o7 A2 A6 dE " B
Ho| HAYAE7}t HesA FHER] = Agolth |
of o] 2% W Wt TAT AtollA HFAl
S FHEE 7R QA 8 50 EET1ReR
Aol RS wUo2N FA4 2 Yo 42334
7alA stz FAATAAES A= SFH. O WHKim et
al., 1997; Song et al., 1997; Kim and Song, 2000), &
e o 723 2 M7 YSUARET} 10T ol
AL 13 H(Lee et al.,, 1991; Bae et al., 1997; Bae
and Park, 1999) 7|FFAIEE & LA ZHA] o]E 3
Zo] AFHog HFs 5 e 7HeES A9 fle Ao
2 o ARt Takai, 1988; Matsuura, 1992; Matsuura et
al., 1992). 3tA|9F FA7|o|& 7k 4 B2 Fof 23]
2|2 15C oJie] LEg FAISK: Aldsle2oA 2HE
APRA] o3t 50 AE7He S AFd] B Ao

o] Azl

w2704 ofF #F fFel WEE A7 &
Azl wE AulirhE F5F DT BRo] Qlo] dAARt
of o7t A vehd 4= Slovh, A= ot
(Tamaki et al., 1973; Sun ef al., 1999) HAIS=0] W4
Z 2 AUlelA olF siE-e WS Bt 42
ojgfigh=tl ¢ Fagt 7|2 Rt & 4~ itk gHiAA
olupat SRR T el 2 AE)d] B4 B
A& wo] 7R 9f 21 Mochida and Okada, 1974;
Takai, 1988; Ahn et al., 1991; Choi et al., 2005), =+1jo]
A A gAY B2 9 ATk AHE] TR
oAl ool ztolE uvehdtt & 4= Qich

2 Ats GEALdA 1578 2AR 9GS 5E2U8H
9] FU7IFAIY Tl whet 5710 A7 AN EE
THESH(RDA, 1986) FfAAR Wt spgkupe]
AT HARRE A% vluste] o} 9] WAl it
Hop Aest ARE Az} skgch

R
8 4xZ2
FeAGolA A A o} s o

R 24K Table 13+ o] 7} 7152]ed 37 2ol
7o) s fAERS 1704 ANk

Table 1. Sex pheromone trap placing locations for attraction of Spodoprera litura and Spodoptera exigua in Yeongnam district

Climatic region

Pheromone trap placing location

Southern coast region
(SCR) 45’ S6"E

Geoje city agricultural technology center, 128° 30" 53”N, 34° 45’ 38"E
- Namhae substation of national horticultural research institute (NHRI), RDA, 127° 45" 48"N, 34°

Protected horticulture experiment station, NHRI, RDA, 128° 38" 10”N, 35° 13" 40"E

- Gyeongsangnam-do agricultural research & extension services (GNARES), Jinju, 128° 7° 30"N, 35°

Inland region 127 40°E
(IR)

Yeongnam agricultural research institute (YARI), Milyang, national institute of crop science
(NICS), RDA, 128° 44" 35"N, 35° 29" 25"E
Changyeong onion research institute of GNARES, 128° 28" 50”N, 35° 32" 40"E

Basin region
(BR)

- Sungju county agricultural technology center, 128° 17" 40"N, 35° 56’ 50"E
Youngcheon city agricultural technology center, 128° 54" 25"N, 36° 5" 25"E
Uisung county agricultural technology center, 128° 39’ 55"N, 36° 21" 10"E

Inland mountainous region

Institute bioresources research, Andong, Gyeongsangbuk-do agricultural research & extension
services (GBARES), 128° 45" 37"N, 36° 30" 42"E

(IMR) - Sangju sub-station of YARI, NICS, RDA, 127° 57" 5"N, 36° 26’ 35"E

Punggi (Youngju) ginseng expetiment station of GBARES, 128° 33’ 45"N, 36° 51" 10"E

Eastern middle coast region
(EMCR)

Pohang city agricultural technology center, 129° 18’ 20"N, 36° 6 10"E
Yeongdeog sub-station of YARI, NICS, RDA, 129° 24" 12”"N, 36° 34" 51"E
Uljin county agricultural technology center, 129° 22" 5"N, 36° 54’ 45"E




30 Korean J. Appl. Entomol.

yEZE 9 mA}

A ) AR ZE9,11-14:Aco} ZE-
9,12-14:AcQ] 27}7] AlEo] 9:19] Bl&E ZAEQloH,
1P B WE7Y A9REY F UL 10 meolrk
spahEbel M2 20 7 E.911-14:Ac@t Z9-14:0HY]
2744 Aol 739] MR ZYHUOH, NRE © WS
7% AR 3 PHL 05 mgoldrk. ofF LR
A ZES WRHE FA A AT 2] PherobankAL]
A 2AE AHolgich. MU= o] §3te] A 22
$5 IRE ZUSI, DDVP 10% AEHo|=
(1x421%), Pherobank*hE Ee] ‘ol ZHH 424
32 WA 59 1A oR RABKECh

LR e AT|RE a7 45 744, DDVP 43|
o)LL 3% AR Y2 A0 WAL 2L
o GUE LIRS TYShe HIEYLS AT A=
o] 24 1.5 m olo] ATk 2AIZES Wogo]
A el AR o] A9 1999 RE] 200247H4] 44
Zrolgiont, 1 ure] oS 200093 20021714 34
Zr1Gla, ZAPAZIE T 3Y ARSE 119 57
2A51gct.

SHiZMojLe] WA F WMH|E

FEAG 1570 oM gujAM L] d
W 3 AeRE 1Y steriA] duEs Eff
A" FAEFY TS ZAIATHTable 2). A
U A Ao A7) 7R SR ol &3l
, ol 9 St 39 FeRE 119 shertRlol)
949 Foll TAAG7IE UEhl ok HEAIT
A B AgollA 27z 27 g3k 5, AF
e 3 S 1Y skerix], Lol 349 sk
FE 114 skerbA]|, AgolM 38 skefg 11 57t
A @Sk 1A R WAAH 7= 8Y el A
ol BARle] FLsIH FAAH Sk A5 FA
U oolA = A7 o] FTh &, Ao 34
SkeE 1149 Se7A, G304 49 78 11
ST, oA 49 FebE 1Y de7tA] B8t
ok 7= 452t G0N 99 e, SAelA
99 F&olnh YWEARIANA g, A5 H dAdolA

lo

all

A

o Xk Jor

VE

46(1), April 2007

A7 AR 49 SR E 11 AderAlol /leh
HAZ 7= RG] A G0l 8Y Folom FUTICE
FaRSRAN &3l 23, 99 2 119 S gl
Aol M7 7R gkt JEoA 49 At
119 7R, &70A4 59 skfte| 108 ske7A|o|
i, BRIV = 23 XA 99 Bk, FEollA
109 F<olqlth

A9 g AN U] AEE]E-E ZIFEol A 20.0%
2 7P Bgkon], thee WoK(15,1%), HAK13.6%), A
A(11.6%), F3H(11.2%), FE(8.6%), 42(3.3%), A=
(2.9%), B342.8%), A4(2.2%), T A2 2.1%),
EFI FE(Z 1.9%)] +=o]laL, XA 08%= 7H
ke $h, 7[R AHEE HE Aol A
37%E 7V w0eH, tha-2 FalAt ol A 36.3%,
EA Aol 4] 8.4%, WEARFA| oA 7.0%°] 1, &
IR ol A 4.6%= 7HE Wkt 7| A HulAA
o] AR A7 = FRS PRI oA 99 T,
SAN 9 EX X[ ol 8 Bk, WEAKAIHOlA] 8K
o, 28 SRS EAqAA 98 Aotk

TN A 2ES o183t Hel A v YA
ol #w3F Hie w9 B3 o, Shin er al
(1987) 9] dall, A=, sl 9 Ard o] A2= A
Aol & e Azt SAHE At Ae= =4
shack 452 I 271 A7 5 g 2407t
6Y F<=, 3AIH7E 7Y Sk, 447 89 S, T1E]L
SAdE 99 Foked o2, 1 9 24 9] WS =35
Ao} 3AHiE EARko] F7tslr] Alaksie] 84 5}
7ol a9 m=aE vehfiotal stk Choi er al.
(2005)-2 o] Fete] shfufA]ofjA] & 359 WAL
7HE 59 AR 119 7R A& oz dAshy,
HAT A= 79S¢, 98 A 9 104 skeol 33]9)
Urepdtha stqich oA Zdat Mee] 2213t Hhl
AMujupre] MY 2tol= A A7t ZREA|A 9 2fo]
of W Aol T W HHQ Alolof wE FoF
2 Astact FhH, YiolA 2 a5 A7t ISl
TRl 4] 63|(Horikir, 1964), F-H-A"ol| 4] 5~63]
(Okamoto and Okada, 1968)2}al &} 0w, E}o]2o]| A
A7F WSl = 832 B 50| (Minamikawa, 1937) &
3Fo] WSl pE YTt RopdesE &, 257t w8
5 TA8lp7} F7lshs ofgiiA siEe] S e
FQtH(Bae er al., 1997, Bae and Park, 1999). s}x]qt
gho] FEAYoA & s Hde A 7SRt
FAIglo] AR 39Y FokaRE 1149 3ke71A] WAlst




Bae er al.: Seasonal occurrence of tobacco cutworm and beet armyworm in Yeongnam district

31

Table 2. Seasonal occurrence of S. litura male adults caught in sex pheromone trap at various locations and climatic regions in
Yeongnam district

Moth caught (No.)/locations/sex pheromone trap

Ob;:;’ed SCR IR BR IMR EMCR
Geoje Namhae Busan Jinju Milyang Changyeong  Sungju Youngcheon Uisung Andong Sangju Youngju Pohang Yeongdeog Uljin
E 0.0° 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mar. M 1.0 0.7 1.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
L 3.7 3.0 5.0 4.0 1.3 0.7 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
E 83 7.7 14.7 13.0 53 53 1.3 0.0 0.0 0.0 0.0 0.0 0.3 0.3 0.0
Apr. M 207 207 273 257 14.5 6.7 2.0 0.7 1.3 0.0 0.0 0.0 0.0 03 0.0
L 300 410 287 43.7 235 13.3 5.0 1.7 2.3 0.0 0.7 03 1.0 0.7 0.0
E 54.7 333 53.7 91.7 29.5 15.7 6.0 0.7 3.7 1.0 1.3 0.3 1.0 03 0.0
May M 203 62.0  66.0 150.0 863 313 10.3 4.0 7.7 1.7 3.7 0.7 1.3 1.0 0.0
L 710 1997 1623 4200 12238 46.7 18.3 43 13.3 2.7 6.0 1.0 27 1.3 1.3
E 9.0 1770 1917 3563 113.0 50.0 233 33 12.7 6.3 13.3 6.3 83 10.7 3.0
Jun. M 1853 186.7 246.0 4663 2135 90.3 40.0 13.0 35.7 18.7 16.3 17.3 12.0 10.0 5.7
L 2757 2087 394.0 405.7 2550 1253 48.7 65.7 313 213 367 37.7 35.0 11.0 6.7
E 153.0 151.0 340.0 4787 2078 105.7 483 79.7 36.7 373 403 53.7 50.0 57.7 12.3
Ju. M 2147 2123 2727 421.0 2693 196.7 110.7 154.3 61.0 457 327 423 78.7 25.0 213
L 2913 3410 4113 5287 6558 440.3 119.0 121.7 88.7 63.3 393 90.3 91.0 57.0 19.7
E 2933 3183 3247 5227 4770 309.3 202.0 138.3 169.0 1270 107.3 2083 75.7 1203 38.0
Aug. M 5337 2900 6137 729.0 5570 401.0 1227 246.3 105.3 184.0 143.0 269.0 1173 75.0 50.7
L 7503 4757 3057 14383 2307.8 6423 259.7 136.0 204.0 1820 893 2173 96.0 527 60.0
E 689.7 649.7 8350 1030.7 1050.0 519.3 273.0 159.3 146.7 1620 1237 1517 140.7 113.3 70.0
Sep. M 7763 8003 1206.7 1012.3  679.0 409.7 2533 141.7 164.7 130.7 89.0 1757 1163 83.0 73.7
L 766.7 7587 1019.7 11243  657.0 321.0 181.3 144.0 106.0 84.7 1460 1523 178.0 111.0 85.0
E 764.0 6463 659.7 932.7 4853 301.7 165.3 119.7 943 68.7 1050 138.0 121.0 156.0 437
Oct. M 5180 668.0 4350 837.0 5093 255.7 92.0 122.3 55.7 100.0 1560 947 31.7 167.3 213
L 4957 4123 4813 1090.0 6823 140.3 80.3 91.7 62.0 68.0 1387 597 15.3 91.0 10.3
E 2323 2853 3347 4023 785 9.7 8.0 59.7 8.7 313 313 21.0 9.7 343 0.0
Nov. M 55.7 65.0 403 71.7 113 1.3 1.0 23 0.0 0.0 0.0 0.0 0.0 0.0 0.0
L 53 5.7 33 6.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 7,306.7 7,020.0 8,524.0 12,602.3 9,4923  5,405.0 2,073.0 1,810.3 1,410.7 11,3363 1,319.7 1,737.7 1,183.0 1,1793 522.7
(No.) 22,850.7 27,499.6 5,294.0 4,393.7 2,885.0
Rate 11.6 11.2 13.6 20.0 15.1 8.6 3.3 2.9 2.2 2.1 2.1 2.8 1.9 19 08
(%) 363 43.7 8.4 7.0 4.6

? All values are means for 3 or 4 years observed at each locations.
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Fol B3 BRo] 9l AR FHErt &, Y
2 GujANuuED R B 28 M Eshs B4
IKLee et al., 1991a, b), o] R|FoA] Aulsh= 2HEA
I} Aglete] W] Xjo|E 7HA s o' oA,

Crof AN 2 ThetLate] W

FA ol A g AA RV shthupre) WA A,
HhAulg 9l ek vlasto] HH(Table 22} 3) A|H
4 7| EA R EEE o|7t 9SS o 4= itk =l
AAmjve] el E-2 HEe] 671 AiellA HA 9
ok 80%E AHA|5te] ZE2] 971 2APGA2] 20% T} 4vl
ERo, s A5 97l 2APEAGAM 93.5%E
A 0] e 67 A0 6.5%Ht oF 144 ol w3k
o} GGl A G A u L] MRS 2ol A
7V WL, TS Ui, XA 71 Ao
B o] SIS AAE AuliHA o] gk R HoflA] ot
A ke S Bolow, AEAHA $=rt Hobds
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Table 3. Seasonal occurrence of S. exigua male adults caught in sex pheromone trap at various locations and climatic regions in

Yeongnam district

Moth caught (No.)/locations/sex pheromone trap

Obtsi;r:ed SCR IR BR IMR EMCR
Geoje Namhae Busan  Jinju Milyang Changyeong  Sungju Youngcheon Uisung Andong Sangju Youngju Pohang Yeongdeog Ulljin
E 03 03 0.3 0.7 0.7 1.0 3.7 0.0 0.0 0.3 0.7 0.7 0.0 0.0 0.0
Mar. M 1.0 3.0 0.7 2.7 0.7 1.3 15.7 2.0 0.7 1.0 0.7 0.3 0.0 0.0 0.0
L 17 2.3 1.0 0.7 1.7 1.7 243 2.3 1.0 0.7 0.3 0.7 0.0 0.0 0.0
E 37 7.0 2.7 6.7 1.0 11.0 42.0 7.3 23 2.0 2.0 1.0 1.0 0.0 0.0
Apr. M 3.3 23 2.3 7.0 1.7 8.7 71.3 13.0 2.0 1.3 2.3 3.7 1.3 1.3 0.3
L 27 43 2.0 1.7 [UK] 11.0 99.0 193 2.7 4.0 1.0 03 0.3 23 10
E 3.0 1.7 1.3 1.7 1.7 5.3 70.0 5.0 2.7 1.0 1.0 1.0 2.3 3.0 0.7
May M 1.3 1.0 0.3 1.7 1.0 3.0 44.0 9.7 33 2.7 2.7 2.3 1.3 4.7 2.0
L 1.7 2.0 2.0 5.0 4.7 5.0 83.0 9.7 1.7 3.0 3.0 6.3 5.0 9.7 3.0
E 30 83 43 9.3 43 25.0 118.7 29.0 23 6.7 9.0 34.7 9.7 12.7 7.0
Jun, M 6.0 203 4.7 10.7 10.3 323 240.3 93.7 1.3 10.0 12.0 46.7 15.3 23.0 10.3
L 107 377 6.0 8.3 7.0 11.3 300.7 87.7 6.7 197 153 84.0 9.0 18.7 7.7
E 6.0 15.7 9.0 18.3 5.0 7.7 601.3 126.3 18.0 563 357 2370 14.0 26.7 18.0
Ju. M 3.0 7.3 5.3 7.0 18.0 16.0 913.7 214.7 39.7 29.0 427 2947 38.3 54.0 30.7
L 87 10.3 4.7 160 287 233 763.3 186.3 78.0 80.0 33.0 4613 78.7 199.7 720
E 173 217 100 397 370 29.0 1,061.0  466.3 144.7 2853 186.7 613.7 62.7 106.7 717
Aug. M 15.7 8.0 9.0 15.3 12.7 15.0 720.0 252.7 72.7 1337 1433 3673 347 48.0 36.7
L 287 360 103 173 657 19.3 762.7 281.7 89.3 1293  135.7 4417 873 2113 143.7
E 283 22.3 3.7 14.0 30.7 17.3 7743 212.0 147.7 260.0 198.0 391.3 60.0 55.7 86.3
Sep. M 9.7 10.3 43 27.7 277 9.7 984.0 295.0 150.3 1250 857 5497 36.0 24.0 56.0
L 147 437 7.7 120 163 21.3 717.3 219.3 172.7 503 667 2937 29.0 26.7 44.0
E 303 233 4.0 4.7 10.0 26.7 540.7 137.0 209.7 553 403 4467 60.7 413 35.0
Oct. M 160 280 4.7 2.3 7.3 23.3 424.0 105.0 172.3 103.0 580 3557 83.0 60.0 37.0
L 10.7 7.0 6.3 14.7 20.7 43.0 121.0 83.0 158.7 67.7 65.0 3723 48.7 333 32.0
E 37 6.7 33 11.7 8.0 36.0 146.0 48.3 46.7 35.0 39.3 121.0 433 17.0 4.3
Nov. M 1.7 23 1.7 3.7 3.7 12.0 16.3 4.0 0.0 0.0 0.0 0.0 3.7 1.7 0.0
L 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 2327 333.0 111.7 2603 3263 4163 9.658.3 29103 1,537.0 1,462.3 1,181.0 5,127.7 7253 980.3 7063
(No.} 6774 1,002.9 14,105.6 7,771.0 2,4119
Rate 0.9 1.3 0.4 1.0 1.3 1.6 37.2 11.2 59 5.6 45 19.7 2.8 3.8 2.7
(%) 2.6 3.9 54.3 29.9 9.3

® All values are means for 3 years observed at each locations.

= o] FA3] A2 s & & Ack wekA Hl
AAEe] A2 AldEE A 9 22
ST Be] ee FF T 4 Uk AR
U o2 AR HHt A GolA wFe] W
Ao deA ed, ol AR AEAE Auda,
AR 9l AA L] Koo whE Aoz ofAXITh 3,
TR oA Thbge] BAERE AdollA ZHa Bt
I, TR GFolglen, FatelA 7 welth whaby
i) A2 FEjAA LR ot e 2

271} vk 9 kg 58 Ee el S5 9
WA Wy o] = Ao AN,

A A iR Spodopterads e 4]
A FEow X273 HIE(Mochida and Okada, 1974),
715 €)(Mochida and Okada, 1974; Lee et al., 1991a;
Bae et al., 1997), 2FANA E= A3 (Choi er al., 1996;
Kim ez al.,, 1998; Bae et al., 2003), ¥A(Shin et al.,
1987; Goh et al., 1993; Kim et al., 1995; Choi et al.,
2005)°] 910} FAFEE 74T Yok SHAe LENES
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(Lee et al., 1991a; Bae et al., 1997; Bae and Park, 1999),
ZA12(Shin et al., 1987; Lee et al., 1991b; Bae and
Park, 1999), 7|54 5 A(Lee et al., 1991b; Goh et al.,
1991; Bae et al., 1997; Bae and Park, 1999) 9 2=
7Y%k (Ahn er al., 1991; Choi et al., 2005) o] glojAd
@AATE Zpol7} Ikl & 4= ik

FEAGOA o] dF Aol AEHT} F oA
21 B AR HASs A 2E9 TR v
2 AR, A PAlEke] ajol= =9 T
2+Eo] A Zpol, 12|ir gufAARLbe] & WY
ol R oF 24u) WE A2 JFo) FAEat
2o AEY OE Zo|2 AT

ORRIZFR] el A FulA AoV} aiehe] HE
2 vjefie} HE gEek s glch ok 2] oA
A7F FHE 7 gl 259 €571FeE Alygoe] |
RS W3 AT R WS deth= B
(Kim ef al., 1997, Kim and Song, 2000)2} AA|= 2|z
AojA olF slF9 s E7Fs SHA|THMatsuura,
1992; Matsuura ef al., 1992) A|4ZHE Auj2|ofjA] YEs}
o] X2 824 7F54(Shin ef al., 1987; Park and Goh,
1992; Kim et al., 1995), 718]31 239 HAE2 B3
Z7 oA v e E RALEA A7E7= 3
t}. FollA] ol sli5-o] Foist WY E o Tl of«
= HE oS 7L (AT FERElA olF s
o ¥ X2l g 7[5 EAa Wt Rl e
Aom oA &, GEiAA TS g HelA,
a2 AER| QoA ohig = ich A Ay
2 e AR o] Za 9 dekollA], ohihb
2 A5 A3 E FHA A5 Wkth 7T A
HRAERES T AN e U 215 doF W g o] YEXA]
oA, SR RE A, 3 9 oA BRI oA
7P btk wEbA SEAEolA G A e g 5}
] e A 7S EA T oiokel 2HReRA W
AAZF BEdHog 283t Yehths 02 AAAL,
olof] 3t B} AAH o)L FUst At A Ae=w
e,

L
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