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o|2 Qlaf thA WA WE AFEC] FPHu
A=H, 7B vlelga Fo] shwe] QE
A WANAZ <A JI(Flint and Dreistadt, 1998),
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THBegley, 1990; Klein, 1990). $-&utelel X shah}
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NFE AATIE S AER ARl o
i AEA A HFFEO|Y ofFe T2
HEA AEd ¢S FA ¢, Aty Fe
#ol 75t &8 Jhede] L AEH AR
o] tH(Kaya, 1990; Kaya and Gaguler, 1993). =& 94
AF2 713847 e \ed 53 YuE {5
EYA A 35 &3 ojtKaya and Gaguler, 1993).
o|2 3t TFWAFAFL FEUHE HIEdY
&, v, AU, G5 T 109 el ety
o] 1tiThomson, 1992). A-&3} Hol Qv TEHY
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Ao YWAAL HF9 A
o8 XS TtHTable 1).

Table 1. Lethal concentration against Spodoptera exigua as determined by petri dish bioassay for the infective juveniles

of entomopathogenic nematodes, steinernematid and heterorhabditid

LCs (95% fiducial limit)

Stage e
GSNUS-10 GSNUS-14 GSN1 GSNUH-1 HbH
2nd instar 49(3.3~6.3) 4.4(29~5.7) 3.8(22~5.1) 54(3.8~6.7) 4.32.7~5.7)
3rd instar 5.9(4.2~175) 52(3.6~6.7) 5.0(35~6.3) 6.342~82) 5032~6.7)
4th instar 6.5(4.6~8.3) 6.3(4.4~8.1) 5.1(33~6.7) 7.6(53~9.9) 5.5(3.6~74)

"LCso was expressed as number of infective juveniles per larva.

“GSNUS-10; Steinernema sp. GSNUS-10, GSNUS-14;

Steinernema sp. GSNUS-14, GSN1; Steinernema carpocapsae GSN1, GSNUH-1; Heterorhabditis sp. GSNUH-1, HbH,
Heterorhabditis bacteriophora Hamyang. Mortality was checked everyday for 5 days after nematode inoculation.
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Table 2. Analysis of variance for main effects and interaction of entomopathogenic nematode strain, concentration, and

application time on mortality of Spodoptera exigua in pot

Source of variance df Mean square F value Pr>F
Nematode strain ™) 4 757.1 15.5 0.0001
Application time (A) 2 5745.3 1175 0.0001
Nematode concentration (C) 2 35373 72.4 0.0001
NxA 8 79.8 1.6 0.1185
NxC 8 10.1 0.2 0.9894
AXC 4 2427 50 0.0008
NxAxC 16 18.8 04 0.9848
Error 180 489 - -
Corrected total 224 - - -

BE B7)AA 8. carpocapsae GSN1 AZ2] HYA 30 mL'9 = A7 A, 23] o] HEg Ay A
1 7F %o §59 HrPt =43 248 Y T+ 100%2) g AR S i&ilﬂr('l‘able 3). A%
AE FEWAAN AAFge] ZasETh syl of Ag3l49} BAglel 1,000018)/30 mLY F= A
3t

o
N

N3t S. carpocapsae GSN1 AZQ] LCy& 28 FdA gl Me dEzrel BAde zbolrt flxlaL, 9,0007t
= 387k oy 48 FdqMe siHlelE e Y /30 mLé F= HEMW Ag] AFEE gyhd
(Table 1). whol] i3t W YAde] XolE BYTKE=1096, df=44,
180, p<0.0001). 33] A& Aloll= GSNUH-1 Al5S A

Potol X 59 AHesxet Sgo g UAS 98k, 1,0000H] 30 mL' HZME 90% o}

3 Pot AYPIME FHLE A5 ATl Az AAHEE BYT

3%, H3e BEE Y §39 ANed) dg
& w1 HrhTable 2). Potol H GAF EFHE mE PARD: GAF
AR FYs) AP 08T THHAN A o FRE 23YH 039 FRU AdsEd 2

% 5A%E F S. carpocapsae GSN1 A%-°] hyhit o) SpE ArkEel FE FACHTabe 4.
o Wt Y we Qe HAEd 9000912

Table 3. Mortality of 2nd and 3rd instars of Spodoptera exigua exposed to entomopathogenic nematodes,
steinernematids and heterorhabditids on potted Chinese cabbage

Corrected larval mortality(%) + SD

Ent i - :

lelzzr)hd(;fmc One time application Two times application Three times application
1000 s~ 3000 Ls 9000 Ls 1,000 s 3,000 is 9000 s 1000 Ls 3,000 Lis 9,000 Iis

Sgg”ﬂ“’”“ p. 74455 84+89a 944892 861552 944552 100:00a 961552 100:00a  100:00a

Stég%’g”ﬁ Sp- 701002 84692 90+7.0ab  80+100a 86+55a 98+4.5a  90+7.la 94+55ab  100+0.0a

Sféglgg”g"{f) Sp- 72+84a  76+89a 90+0.0ab  82+84a  90+7.1a 964552  90+0.0a 96+55ab  98+4.5a

Heterorhabditis

bacteriophora 64552  74*55a 84489ab  80+7.1a  86%134a 94+55ab  96%89a 98+4.5ab  100£0.0a

Hamyang

Hé"sel(]‘{th"_’idms P 60£100a  72+130a 80:00b 744552 82+110a 86+55b  86:89a O907.Ib  96+5.5

*Entomopathogenic nematodes was sprayed one hour after placement on Chinese cabbage at the first application, on
3rd day at the second application, and 6th day at the third application, respectively. **Concentration(ljs/30 mL/pot).
""Means within a column followed by different low ercase letters are significantly different by Tukey’s HSD test
(P<0.05).
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Table 4. Analysis of variance for main effects and interaction of entomopathogenic nematode strain, concentration, and

vegetable species on mortality of Spodoptera exigua in pot

Source of variance df Mean square F value Pr>F
Nematode strain (N) 4 1004.9 173 0.0001
Vegetable species (V) 2 6309.3 108.8 0.0001
Nematode concentration (C) 2 122920 2119 0.0001
NxV 8 349 0.6 0.7758
NxC 8 2926 50 0.0001
VxC 4 1213 2.1 0.0837
NXVxC 16 63.6 1.1 0.3620
Error 180 58.0 - -
Corrected total 224 - - i
FAF TR @2 ghhby §30) did dsat ) BAPAFES 100%E WAL} 7P %L, 7t
AN AF SASEY HYdL viFo] Hs 2 3grd AL GSNUS-14 AEE 24000071
Ve A7t dlFEy A K AR =9 33x10°0E] hah) FEZ 13 JAREL W 632%%
o A% Aexd e Hade Hasest BE thF=16.10, df=26, 108, P<0.0001)(Fig. 2). %aj3olA
T& S7kRen, A% A% wetrAE GSN1 Al o syhie] it YAEARE SN} FALSH
5o 71} ETHE=17.77, df=44, 180, P<0.0001(Fig. S etk &, AYEEs Ag3g e

HeAdel 7 =99 GSN1 A< 1,000712] 30
19 ¥EE 13 AYF 2F §3 QAL HE
X 76%= 7 wRom <FulFet AdAMe 7z
7} 50% < 64%] W& XAHES B} 9,000vk2] 30
mL'e F% A Aol 80% o] §F AL
ek

2 &

A GAF AR AE: S, s 2 Ad
A AujA] o) A GSN1, GSNUS-14, GSNUH-1 A1 E<]
ghahgel] tidh WAl dae AE AR, APEs, A
23 g AR TR met gdsiA Yebko
(Fig. 2).

shihupdel] e WA E3E petri dish9} pot A
7 FYA Al ATY HFE FAME GSN1 AE
o] 74 &k, 72000072 (1x10°7}e] ha')e) BEE
ALY o 7 =9t 28z A3 dAF
of FF wetMe Ztz 33 A9} wFolA WA
371 7V SRCHF=17.77, df=44, 180, P<0.0001).
oA e] shihpbie] g WA ETd= HYre
HY3lg e F3]E 2ol BAAW, A5 A%
ol FEE ZAolg BolA §sith &, MFE
357 BE4E WAEdE 2goy, A% A
g 7t GSN1o| WA &7} E9hA9 GSNUS-14$}
GSNUH-1 As e F959 Aort gldch
GSN1 AlIES 7200007188 F5= 33 AHL3}9S

T

E=33 xolE HAPAT, AF A% Pole FIT
zFo) 7t gllek. WAl 3= GSNI AlE-S 720,0007}2]
(1x10°7}) ha)e] BT 33 HSAL W 882% 2
A 7V AL, GSNUS-14 AES 2400007
(3.3x10°718] a')e) T2 13 AP ©) 53.9%2
7+ okchE=18.93, df=26, 108, P<0.0001)(Fig. 2).

Aol e] gigel] didt WA ETE w3t o
w39} FARE AT e wAEFL SH
=98 AL GSN1I AES 720,000m2)(1x10°02)
ha')e] F=2 33 ALPYL v 8659, 7HF 2t
© AL GSNUH-1 AE< 80,0007}2)(1.x10°7}+2) ha™)
9 ¥x2 13 A& W 47.7%ATHF=14.27, df=26,
108, P<0.0001)(Fig. 2).

Aol Q3kS v ti(Kaya, 1985; Kondo, 1987, Fuxa
et al., 1988; Glazer and Navon, 1990; % &, 2004). 7
Z0004)e Ak Spodoptera depravata) 2% 53
33 o]t ZFHAd AFY WAEHE 70% W
QolAut 5EFNME 10% WAE FaTTa 31
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Fig. 1. Corrected mortality(mean %+SD) of 2pnd and 3rd
instars of Spodoptera exigua by entomopathogenic
nematodes, steinernematid and heterorhabditid depending
on vegetables at the rate of 1,000(A), 3,000B) and
9,000(C) infective juveniles in pot.

GSNUS-10; Steinernema sp. GSNUS-10, GSNUS-14;
GSNUS-14, GSNI;
carpocapsae GSN1, HbH; Heterorhabditis bacteriophora
Hamyang, GSNUH-1; Heterorhabditis sp. GSNUH-1.
Vegetables used in pot experiment were 50~55-day old

Steinernema  sp. Steinernema

seedlings. Bars indicate standard deviation of the mean.

3, wFEE VY (Hyphanria cunea)= FAMSE 73S
HAT 5, 2004). 9 T 51999)0] gEf A

100 A —

75y

Control efficacy (%)
3

0240000 80,000

Oe Two Three One  Two Thee Ore

Two  Three
GSNI CONIS-14 GSNHA
Application tirres

Control efficacy (%)

Control efficacy (%)

Oe Two Three Ore

G GSNE-14 G+

Acication tirres
Fig. 2. Control efficacy of entomopathogenic nematodes,
Steinernema  carpocapsae  GSNI,
GSNU-14, and Heterorhabditis sp. GSNUH-1 against

Spodoptera exigua on Chinese cabbage(A), cabbage(B),

Steinernema  sp.

and kale(C) in greenhouse. Control efficacy=[(% living
larvae of treatment-% living larvae of control)/% living
larvae of control)]*100.

Bars indicate standard deviation of the mean. One, two
and three mean application times.

WS, liturays o2 33 Ao 385
5829 LCso@tol 16887 15.99v}8]2 xH0]E HolX|
Fortt. 1Ejal 3 5(1999)2 S. carpocapsae] FRF
v 53 30) i3 LCo 24.67ui2let &l
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Biological Control of Beet Armyworm, Spodoptera exigua(Lepidoptera: Noctuidae) with Entomopathogenic
Nematodes(Steinernematid and Heterorhabditid) in Greenhouse

Hyeong Hwan Kim, Sung Rae Cho', Dong Woon Lee’, Sang Myeong Lee’, and Ho Yul Choo” (Horticultural
Environment Division, National Horticultural Research Institute, Suwon 441-440, Korea, ' Division of Technology
Service, Gyeongnam Agricultural Research and Extension Services, Jinju, Gyeongnam, 660-360, Korea,
*Department of Applied Biology, Sangju National University, Sangju, Gyeongbuk, 742-711, Korea, *Southern Forest
Research Center, Korea Forest research Institute, Jinju, Gyeongnam, 660-300, Korea, *Department of Applied
Biology and Environmental Sciences, Institute of Agriculture and Life Sciences, Gyeongsang National University,
Jinju, Gyeongnam, 660-701, Korea)

Abstract : Five strains of Korean entomopathogenic  nematodes(EPN),  steinermematids  and
heterorhabditids(Steinernama  carpocapsae  GSN1, Steinernema sp. GSNUS-10, Steinernema sp. GSNUS-14,
Heterorhabditis bacteriophora Hamyang, and Heterorhabditis sp. GSNUH-1) were evaluated and tried in. petri dish,
pot, and vegetable greenhouses for environmentally friendly control of beet armyworm, Spodoptera exigua. LCso
values of five EPN strains against beet armyworm was different depending on nematode strain .and beet
armyworm instar. LCsy value of Steinernema carpocapsae GSN1(GSN1) was 3.8-5.1 infective juveniles(ljs) in 2nd
to 4th instars of beet armyworm. Pathogenicity of five EPN strains against beet armyworm different in‘ nematode
strain, concentration, application times, and vegetable species in pot and greenhouse. Steinernema spp. was more
effective than Heterorhabditis spp. against beet armyworm. Two or three times of applications of EPN were found
to be effective regardless of nematode strain and concentration in pot and greenhouse. ENP showed different
reactions on vegetable species. Efficacy of EPN was higher on Chinese cabbage than that on cabbage and kale.
GSN1 was one of the most effective nematodes and 100,000 infective juveniles per m’(720,000 Ijs/7.2 m=1x10°
Ijs/ha) resulted in higher mortality in greenhouse.

Key words : Entomopathogenic nematode, pathogenicity, Steinernema carpocapsae, Heterorhabditids, greenhouse.
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