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Survival and Development of Overwintering Pupae of the Oriental
Tobacco Budworm, Helicoverpa assulta, from Different Locality

stotgl - 0| F )

Man-Wi Han and Joon-Ho Lee!

Abstract - To study overwintering biology of the oriental tobacco budworm (OTB), Helicoverpa
assulta, OTB larvae were collected from middle and southern region of Korea in the autumn and reared
to diapausing pupae. Diapausing pupae were held at two different locations (Suwon and Chinju) and were
recollected in the spring to observe adult emergence rate and duration to adult emergence at 25°C. The
survivorship of overwintering pupae was less than 5% when the pupae were buried in the soil in 20cm
depth. However, more than 60% of the pupae survived when they were kept in the plastic cup with
artificial diet and were buried in the soil. The mean developmental periods of overwintering pupae at 25
°C varied from 20.4 days to 43.9 days depending on years and locations where larvae were collected and
pupae were held. The proportion of individuals which required longer than 30 days for development was
higher in the population from the middle regions than those of southern regions. However, the proportion
decreased when the pupae collected from middle regions were held at Chinju, southern region.

Key Words - Overwintering, Oriental tobacco budworm, Helicoverpa assulta, Local variation
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AR, ke Bad Wdrlz 95se 4
TEo] 5~50.5%2 YFEF vt Wolr} Z oz
A7+ =l o} (Lee, 1958; Chot, 1969; Shin et al., 1982; Shin
et al., 1983; Shin et al., 1984; Son and Kim, 1984;
Hwang, 1987). o]|# & A& H. zear} H. virescensol| X =
v]5=8}A 23l vl glul(Stadelbacher and Pfrimmer,
1972; Young and Price, 1977; Stadelbacher and Martin,
1980). iyl S0 FH-S F=2 gzl s #
7155 oFglollA 84 FeRE {7157] Alzksle] 9
o sl olH 100%e) o] &k AvieAE 20°C, 10L/
14D$] FF7|o1 100% FHol #7159 7Hedsw
A= 4~58 718tz X1 v} 9o} (Boo er al.,
1990). FH4-2| H‘°7]7P° of2lol| A= 240~320Y ©)

T (Lee, 1958), 25°C 32z AqAME Fulo] {75 =
=9 YAk ulel 105.1~1429 2 x&xj= 8 IA o
ote RS AT AeAE BE e 28]
7re] Sgle] Zrobalek (Boo et al., 1990). BhLhy 4%
9 $3he 64 90N AFsled 79 129744 A%
g om 6% 9delA 64 14Y Alolo 3131 AL

3 Fol 23]9) AE93E Hgo) 69 169 o] Fo
£33 dE2 139 A3 WA vlelle "]rE]"/]'xl 334
o} (Lee, 1973). =3 A3 Ald] YELS F¢ & 4%

9 sk Aol 19744 $sjelctuskel U
£2] W&7|7bo] vheFghE& Mal wh Q1o (Shin et al,
1984). H. zeaol 5 58] B87I2ke] 24 ol
e} ghelst el oW BHE FAHe 50 9
3 7oz ®ug ¥l )3 (Holtzer et al., 1976), H.
armigera®] 7% YF8o] $37x] wW87|7te] FH
2 4A woAE dAle] Bu¥ ¥l glvk(Wilson et
al., 1979).
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49, 49 249) 1dA = AP Fdt AEES
FARE Gg 25°C(£1°0) 32 ARgAle)] T3 93}
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o] F2] ¢k= JJAY A= AL TAZ) T 933}
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7]l 1~MPE£} A ol odo= %J g
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Z}"d%iﬁoﬂﬂ *}%GM FHgol HA iAo F4
So] & w7 e g ZSelnt AdFAIEE ] Yol
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114 sl A5 Adola AA e g 7
A=A 74%%%—{1%4 W A @& Scm
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d 7hH o= (19929 24 204, 3Y 54,39 204, 44
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4 ste7bAl 2ARGIS. +9A1Y A 124 10Y%
Bl o]F3l 49 23Y7HA] FHEE 879 A ALz
A (5°C~10°C)ell Bagsiet AW 712 2702 &7
wfd 3] H-g AL x| Qe A7) H3)
AFAGE AF7VEEFRe) 48 AF Sem 5%

€ olgstalon] YA Axe Hz, HA
2=5 v 715sted 319930l ofs) A E FHS
o] g exel 138°CE Vo2 258 HAE
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1988/89d Al@d AEE s ALz v
3 = 13 Aok 293 SANAM AT fFe=t
B 433 FHso AEgde a7t ddok(t=
2.349,df=2,P ) 0.05). G&o A FHEE oA AT
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o AAHo = 95% o]ite] 49 oAl Apualgr).
49 $38% 19E Ashd 70% vlnto) gt

£ 2% 19911923 93} AFA] Gl fo] Eolgle
2718 ol EAUE W) A7E A& 93180
o A H o= 1988/89 AlFAI (= 1o} Ee] A
EEo] 60% o|o w9 Hotor, ok AR E
£ 449 59 AFHsl 72F ASE A 2 A
A WMo AFHAI7H P89 ol =2 ¢
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Al & 1¢]1v} Son(Unpublished)?] ZA3}eA] & 4 )=
A7 A Qe o2 Z F9] Wol Ho|x o)) &
H,EFEE B2 F AY Apolo = A7)  AAA S
off #AGle] AFR|Hell B2 Z oA 2] 2NFHA] Y=
o] pAAGe] B A8 20% oJAF W (x2=
6.755, df= 1, p € 0.01).

1992/93\d Al AR A Y BA3 Ao =
atolE FHEl] Sl A HHE=E A $F5 o=
el ZFA Y op 27 $UAYG JFET A
AEE 93188 ABIGECHE 3). FHdd 7] &
e £ dFFAzAN FRE H7) 82.6%=
28] of9)el] F& Wi 37.2% R} wl$ w3
ZF0] of A Ao Bo] F A%, 449 64 $A S 2
ALgE g 7)o MEEE 78.5%2 $UX ol BAd}
A & Ael7b ot AEEE Al oA B
of ¥ thg 124 7HH o=z zALgE $-3}80A 37.2%
2 veh} 49 o|F $37bx] @ £} Al Ao
2 vepdoh AR GHe 2y FRxpe] Fofo
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Table 1. Survivorship of overwintering pupae and adult emergence rate of H. assulta when pupae were stored in soil 20cm
depth in Suwon in late November, 1988 and recollected at different dates, 1989

Dates of pupal Larval collection Survivorship (%) Adult
recollection sites of pupae emergence (%)
1989

Jan. 5 Suwon 52.0(25) 92.3
' Umsdng 41.0(39) 81.3
Suwon 24.0(25) 333
Feb. 8 Umsdng 44.0(25) 63.6
Mar. 4 Suwon 24.0(25) 66.7
ar Umsdng 12.0(25) 40.0
Suwon 4.2(25) 0.0

Apr24 Umsdng 0.0(25) -

* The figure in the parentheses is the number of pupae examined.
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Table 2. Survivorship (%) and adult emergence rate (%) of H. assulta when overwintering pupae were held at different

locations, 1991 and recollected at different dates, 1992

Pupae held at Chinju Pupae held at Suwon
D:;cecil(l)efc[t)ilz)% al Larval collection sites Larval collection sites
Hamyang Kimje Koesan Suwon Kongju
Survivorship

Feb. 20 94.1(17)» 86.7(18) 91.9(38) - -

Mar. 5 58.8(17) 61.6(18) 100.0(19) 83.3(12) 100.0( 7)

Mar. 20 82.4(17) 58.8(18) 88.2(18) 84.6(12) 85.7( 7)

Apr. 5 29.4(17) 58.8(17) 85.0(20) 91.7(12) 83.3(12)

Apr. 20 62.5(16) 75.0(20) - 82.6(23) 92.3(13)

Total 65.5 67.8 91.5 85.0 89.7

Adult emergence rate

Feb. 20 75.0(16) 84.6(13) 94.1(34) - -

Mar. 5 80.0(10) 90.0(10) 89.5(19) 80.0(10) 100.0( 7)

Mar. 20 85.7(14) 80.0(10) 100.0(15) 90.9(11) 100.0( 6)

Apr. 5 100.0( 5) 80.0(10) 100.0(17) 90.9(11) 100.0(10)

Apr. 20 80.0(10) 80.0(15) - 84.2(19) 100.0(12)

Total 81.8 82.8 95.3 86.3 100.0

2 The figure in the parentheses is the number of pupae examined.
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7% FHES 2w AYdz i 9o 22 A
tho] 242%=2 AFo| B AL (4R B Eoicoh &
B, AN oz v|go] U Fo E2 Aol
ARG o} A7l whg v]E2] xlol= YA A
€ Ho|A ostom 0%AM 50%7tA] A& Wel&E
o] 1988/89yd Al Z7}e}l w|dt AeE Hch
I3, 1992/93d A3 FRA QoM A st 2F
o] B¢l ASE ¥ 23%2 1991/923 Ao 4
HAA Aol BHAF FRAYG YA 24.2%xc} w)$-
solxl &8 o 4 vk =3 Yol A AT BIAA A
A QAR Aol wf2 $-31-8-211(92/93 AJ¥, & 3)0 A
vehd ZAE FRAHellA A A 3] ZFo] BT
A $3H&o] 30%°]3t= 91/92 $lo] BB
AFfng Ukl A& wEjsid A= FREAGAG F
309 o] Fell 3= A Ee] AFA G| BAYS
o $-3tof] A Fgo] U Aoz Yy

19917921 YEAY A3 F 304 ool £33 7
AL HEEE7I e ARAGH AH A 7E2 2y
= 59} 2ot 25 JRA 9] 287 HE AT & 49
Aepol= A2 (F=2.09; df =5, 209; P= 0.068) 0]
v Bex]od (F=2.75; df=1, 213; P=0.0986), -2 3
A7) (F=1.87; df =4, 210; P=0.1161)o] A gl o] 20
oA 2642 T Zo|F HolA sttt

o|Abe] A=z v 1988/89d A1) AL 304 o]
Well 313 HAe] AN FHL817HS 22,644 01
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Aol Al Qlgd el =AM #7142 FHEE AL
2] % A Boo et al. (1990)8] Z 3} 3 ofejol A &
& AA, AN A-x=F =418E Han (1993)9)
W77k Akt e e v 4589
8770 30 o] el $-318h F ] S 2 Yo
Y, A= 52 49 7R AFH A7) Sl #Agle]
Hl WA A g FA-E JeP AR 30Y o] A8 HE
MAEL ARA Gl dE T we} 2§77y
WHolg el A 3 EAL AUz gy sles ¥
of o]7 A Ee] YEM AdFe) $-3A]7|o Huld
TEE el A £33 3= felez Y7o
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Table 3. Survivorship (%) and adult emergence rate (%) of
H. assulta when overwintering pupae were collected at
different locations and held at two different environments?
in 1992~1993

Larval z‘ipsvailg:ld Pupae held at Chinju
collection
sites emergence emergence  Survivorship®
rate (%) rate (%) (%)
Suwon 92.4 (79 27.0 (94) 79.8
Koesan . 72.2 (36) 30.0 (40) 90.0
Nonsan 94.4 (36) 13.5 (37) 62.2
Andong 78.6 (14) 364 (1) 91.7
Hamyang 79.7 (539) 59.6 (57) 75.4
Imsil 65.7 (35) 77.8 (27) 79.4

2 Pupae held in low temperature condition (5~10°C) in Suwon and in
5 cm depth soil in Chinju during winter season (Dec. 1992~Apr.
1993).

" The figure in the parentheses is the number of pupae examined.

¢ The survialship was examined in April 6, 1993.

L. )

WSS MER

1988/89d YFAE AAE R w$ Fe A=
£ Ho|X UF(FE 1). o9} Fo] YFF ABFo] ¥
e AL g Haxse A#e} dxsa gled
(Hwang, 1987; Shin et al., 1982; Shin et al., 1983; Shin et
al., 1984; Son and Kim, 1984), 2+-2 49| H. zea\} H.
virescens| A % ¥]5=38r Ayt B 3% v} ¢)u}(Stadel-
bacher and Pfrimmer, 1972; Young and Price, 1977,
Stadelbacher and Martin 1980). 4 =3 AjutEL A&
=, AF22 A ALAIZE A, BEA 5 458
o] A¥st: ALH I YA WA} Uz &
B} qlv}(Slosser et al., 1975; Eger et al., 1983). 121}
19917921 A1 AL AE=&5 $3}go] s =
oH& 2) & 164 epd A7l Ao o} 2 e
Hols BolA] dstedl ol o3 o] AgPubye)
Apolell o3t oz 4T 4 glvh F 1) 2348 Ae)
Jdz 4708 Eg&o=d A Foz FA FHs
SR AT vIEA dl3Aksel] s 9Be) Ak
He a3t AR Eeiad 4] =3 Fded =
ol AAAQA HE3& xdsigon 2) &3 AFa}
BF agar{ell o3 ESEC {23 $=27E A
FBFAA Y WA dRe] Ao w wokrct & 3
A A | A 5oz A B 4 Qo

o]9} z+-& ¥AFe Mulrooney ef al. (1989)¢] R 713}k
H. virescens®] A7 AYoME B 5 gled, 4%

< EetAE] A4 Wo] EokEo AR A

\



132 R L Vol. 37, No.2

60% o)/Fe] AE&E yehle] elA dFT oFel Zpel7} ZA skt LBy, FHAI Gl AR AA
A8 AEge] di7l 5% mlutej2h: X3 (Stadelbacher BN Bz el 4471x]e] MEFL v]Ls)
and Pfrimmer, 1972; Young and Price, 1977; Stadelbacher QA9 L3-8 A] wf$ E xo]E BT & FEF

and Martin, 1980)5c} B4 ¥4& & 4 oleh =8 ool AUD AAEE FRAAe] BolE AS AL
McCann et al. (1989)2] A@ANM= H. zeat} H. A gele] FAlgpoE BAe AL o o
virescens YE-4-& £7]0] Hol YEHAD A4S 0%l ¥ AREEL dEhd Aoz malnh @ AFe
A 60%2) AEEE el ) ol 1991929 AR shlvbako] Aele] wet WEF 2N F1zbEt @
ol x| AFA Aol £ AAste] g7 AEFo] Aol WAMA WAsAGE AL dAlSE Ao 47
SRA o] T ABF 20% A= Wokd W4 AF P

Ad5} sUx oA BE Zolrt 59 20emz A7

gel ALEt AL LEPAo] FRE AAel 7] wgojze) £2

@ Aoz QA A YA ZRE 198335 Sibe woAel vl A%kt Az A4}

B 199293744 % 5cmel 10cme] 196l|A] 347}A] 2 AAse] gheh ol AL HREe] TFe) FHE
o] JFL=E vlwspd 52°Ce} 11.9°CZ Zold u} B3t A=A AHA 4AE =23 wkst
2 3}ol7} FHom 1993y A FA)He] A 5cme] 149 of ghvpule FuAgsTHAel g9 FuHEbsAEs}

oA 397 ARLEL 44°C2 £UAG) AT BT oz A2k & FALIN S 43
Sem £ w2 o $Eepe ) ARE A BT AFRE

e, e AdelA Aol DFAA okjzA  fHHo] ol R 38 A)7be] W) A FolA 3
3 44799 ATPARAN el YEAY £ 2w el 2 AW Pl An 2 =

1992/93 Aol A} Rl A e e AEE3 348 ol L8F%o= A W7)E polymodaldt P& A
2= FRAe A AR AAEAME F 2R G2 Ui el (@ 4) 23d2nhhie) sk gellx 2=

Table 4. Development of H. assulta cverwintering pupae from larvae collected at different locations, and held at different
locations at 25°C

. . Days required to
Location Location No. of

acumulative percent of Mean duration
upae larvae adult
Year Phgd collected emerged adult emergence (Days +SD)
10% 50% 90%
1988/89 Suwon Suwon 18 20 22 57 327+ 8.8
Umsdng 20 20 30 78 43.9426.1
1991/92 Suwon Kosan 82 19 22 41 26.1x 9.8
Suwon 44 19 26 56 324£16.5
Kongju 35 20 26 45 29.6£12.7
Chinju Kimju 48 18 21 30 249+11.9
Hamyang 45 18 21 27 225+ 4.8
1992/93 Suwon Suwon 73 15 34 50 33.7£13.0
Koesan 26 13 22 42 26.5£10.2
Nonsan 34 17 36 51 342+135
Andong 11 15 32 40 29.0+ 9.8
Hamyang 47 21 41 57 41.0£12.6
Imsil 23 22 45 66 4344153
Chinju Suwon 26 16 22 28 - 21.9x 4.6
Koesan 12 19 21 23 204+ 2.7
Nonsan 5 17 22 23 208+ 2.2
Andong 4 14 21 30 21.6+ 6.3
Hamyang 34 14 23 25 222+ 3.8

Imsil 21 21 25 30 2524+ 4.2
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Table 5. Development time (days; mean=+SD (n)) of the overwintered pupae of H. assulta which emerged within 30 days at

25°C when pupae were held at different locations and recollected on different dates

Pupae held at Chinju

Pupae held at Suwon

Dates pupae

Larvae collection sites
recollected

Larvae collection sites

Hamyang Kimje Koesan Suwon Kongju
Feb. 20 21.442.2(12) 23.713.9(10) 22.4+3.6(24) - -
Mar. 5 253£2.5(7) 22635 7) 22.0+3.1(14) 26.4+3.1( 6) 22.0+0.0( 3)
Mar. 20 21.3+2.3(12) 21.9+23( 7) 21.2+1.911) 22.8+2.3( 5) 26.7+3.5( 3)
Apr. 5 21.8+3.1( 5) 21.4+3.2( 8) 21.74+2.6(16) 22.3+3.5(7) 24.54+3.5( 8)
Apr. 20 20.8+3.7( 8) 19.8£3.6(12) - 22.94+3.2(11) 22.8+3.2(12)

3 E2 $3A (Kim, 1983)37 = A o]t} ol
FH %5 $3jofake. Bpolil il e & 4 9]
o} (Lee, 1990). &, Aol w}2 2xx7] Zo] i
o $3}A)7]2] z}o]7} A 715Ad (Han, 1993)& B
2H A 4549 $3opte vl BAF A
o2 A= g7 zke] vlwA T3 v|dHA S
vehdim wk-7zke] ZhA wgtd ek Ake] 90%
A 2357)7ke 30US VEow AT A A
435 NAEE L8| Te] wE NAEY 22 AAE
2 FEHEE R A T8o] =2 A8 v
$o] FEA A B} F3h

o]¢} o] MARY, BLA Y, £AA] T @&
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Hartstack (1985)8] ZA#AH A|7]& Hejsle] 7}23
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HE A 7|17} 2B LT Folur Flo] ZFHF e o &
Zoleh 28y & 59 A ME 7 A7 S
717ke] 71 2F9) wlxr}l Fe] Fade AE 2
o] 2| &= eigror] 9ol wetME Hxrl 238 Lo
U= AR slodek =3 A2 adrt 9°C 159
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