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ABSTRACT

Entomopathogenic nematodes (EPNs) have been used as biological control agents for control of
various agro-forest insect pests, and are especially effective against soil-dwelling insect pests. Effect of
soil moisture on pathogenicity of commercial EPNs for white grub control was evaluated in
laboratory, pots, and golf courses. Pathogenicity of EPNs in sand column was variable depending on
depth, soil moisture, and EPN species or strain. All tested EPNs (Heterorhabditis sp. GSNUHI,
Heterorhabditis sp. GSNUH2, Steinernema carpocapsae GSN1, and S. longicaudum Nonsan strain)
showed similar pathogenicity against the bait insect, great wax moth (Galleria mellonella) larva at 2
cm deep at a given soil moisture. However, pathogenicity of the Heterorhabditis sp. GSNUH1 strain
was decreased with increasing soil moisture. Pathogenicity of S. carpocapsae GSN1 strain was the
lowest in 3% soil moisture (v/w) at 7 cm depth. However, there was no difference in pathogenicity
between Heterorhabditis sp. GSNUH2 and S. longicaudum Nonsan strain. Although pathogenicity of
Heterorhabditis sp. KCTC 0991BP strain showed no difference against the 2nd instar of Exomala
orientalis, that of the S. carpocapsae GSNI1 strain was decreased in the laboratory depending on soil
moisture. Highly pathogenic strain EPN, Heterorhabditis sp. KCTC 0991BP strain, showed higher
pathogenicity at 100 mm irrigation than non-irrigation or 10 mm irrigation. However, poor pathogenic
strain EPN, S. carpocapsae GSN1 strain, was not different in pathogenicity from the 2nd instar of
Exomala orientalis in creeping bentgrass (Agrostis palustris) depending on irrigation amount in the
pot. Pathogenicity of EPNs in field experiment at the tee of Ulsan golf club showed a similar trend to
that in the pot experiment.
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LM 2.

TEFHAY AF5S VIFEE] o, 3, 7R 59
ARG ZHE B AYsto] AT
(Steinernema spp.. Xenorhabdus spp., Heterorhabditis
spp.: Photorhabdus spp.ye 715FAWel Eoldte] ¥
ZS FIAZ o EA 2448413 ool NFE ZARA]
7€ 459 & AEF PAUAeIHKaya and
Gaugler, 1993). i

ZZHAY AFL A2 4% T 42 A
7] - A e g ol dfise] dx Aol 234
) G sk, AEH WA IARA TF5HYY
Al LS Q- S &7t gl 7St §e
o A%9] o gEtre 715 gAFHo] Hou
o] AQA S5e EE I WY ES T Y
o] Z3} WjA]7] ol RAME AFAW} =0
(Poinar et al., 1983). o|Z Qldly ZESHAYAZL
st sEEe] WAl A J=d, fevet
NME Fds) =lo] APdAEiAG S-S FAHoE
g5 9ot

Seuete] TxALE iR A SXIERa gl
T Aot 2735E TRk FEslEd oy
e 23H-E 7Rlske Yt 59 llsol o ol
wAEla glow, 53] Flolfel wao] B Hol
THChoo et al., 2000). ol& Foliv AZ7de=
=327 Fel AR Ee] AY AL e AF
FE fAFe] oy &, GuilE THistaL(Potter,
1998; Lee et al., 2002b), +37ldl= 9] Bels
7Vt 98 A3AFIAY LA T TH(Potter,
1998; Lee er al., 2002a; Choo er al., 2002b). &=
g 7X 9} 2& 2RV FEAI9E 2e opYEEES0]
EY &4 e 3ol Folrr] flstd Mg 3t
2= 732 T2 greendt 2ol Fekd #Hy}
dag HolMe ZA didol Hi Utk(Potter,
1998; Choo et al., 2002b).

TolEE HAB] 9t alFe] SR (IPM)
o] FxA® =E0] o]&H 1 l=d], i)
9| A AEH AR BEE ARE o
2 3l #BElslar JUtHMeCarty and Elliott, 1994). -
Holfo] WAE flal] &85l e AEH WAl
A2 2EHANAAET 23 HA 9 A H1H
F %o] UEH|(Choo et al, 2000), F-elulelr A

43} Hol 0|81 = AL TFHYUY dFolth

TFHYA ML Fge) FHlo] AIE <8l @
2] o] &1L Sl= AEH WAIRIAL] sho]x|RE X o]
U ARG A7, S W 9] SOl ot A A
EJolA] wlolrt Asith. 11 olfie F54 HUE, E
A, & 3ol 7 - IHF R Hofaly] o o
A JTHMolyneux and Bedding, 1984; Kaya, 1990;
Kung et al, 1991; Mason and Hominick, 1995). ©]
E T 25T IS5 Ao HadT 2o o
s PRE 7P 8% Ak (Molyneux, 1986;
Choo et al., 2002a), EAoA = 259 GEo £59
Eo] 25N AdEe] BT S g3k v
A ok 3HH, IR Y] S Bele
et 2xygFeel 22 B4 AES o83t A&
Al #FE sl I, AAEY 2=y Fee] 9
A Foll we} Ee] & AEle EEF ol

wEhA B e 22 2 e £9 e
& FH02 AG7L THHEAA Ao B viA|
T FFS golrr) A3l Ao} =N g3t
At

IL x| 2 9 gk

2.1. 2583 HE

Sdyetoll ] Eeldk  Steinernema  carpocapsae
GSN1 A5} S longicaudum Nonsan A%, Heteror-
habditis sp. GSNUH1} Heterorhabditis sp. GSNUH2
A5, Heterorhabditis sp. KCTC 0991BP Al &S
o] &3ttt A7zl 55U AFES Dutky er
al.(1964)9] whHe s EEEAE YN Galleria mello-
nella)®] =5-75-8 o831 S2A]74 White trapS
olg3le] $&elE T, 10°C WA BspHA 45
F 35 oJUe AL AP ARE-3IHTHWoodring
and Kaya, 1988).

2.2, B xiHLEEE FHO|
Aol o] 88 THEAHUT 552 Lee(2003)9]

S o8l FAEE AP FUAL &

o

A g o3l o, TG F o (Ectinohoplia
rufipes)?} SA=E ol (Exomala orientalisy= EZ7
oA A3t ol g3tHnt. F=F ZrlellA 27
ZHo]5S 27 10.6cm, 0] 6cme] ZekrE B
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o EIF Bt WA 0o Lol AR 7t
A BRE F 298 AAST Ago) AT,

23. ¢
= o
2.3.1. Sand column 4#
E%9] Zoleme}t 7em)} FEIE3, 6, 9, 12,
18%(W/Vyoll W ZFHAAd XAF0 A%
e Aolg dohy] Hdt] A% 6.5 cmo] ol
g glo]z §71& olgst ATt 8719 A
4ol 14 em@L, AP ZHE 4.5 cm F2oll £ F
2ol 1mmS] BEE vfo]ze] el 1gAJA A)
A TEATHFig. 1). ©] 8719 % olgfFd=
AP 7S B, fFde 2dE 9
gk Fo|2 XHv_— H S carpocapsae GSNI1 A%}
S. longicaudum Nonsan 7|5, Heterorhabditis sp.
GSNUHI1 A&, Heterorhabditis sp GSNUH2 AlF
< At EFEe s 4 mmAE F o
121004 1583 AR F A AR, A
2 42} 3, 6, 9, 12, 15, 18%(W/V) EJE% ==

TE0| TEEYEY U5 EHY O/

$6.5 cm

-

N

9.5 cm

Y] AelstAtt. EY Zo] XEe g 9] FEol
Z}zte] EokKo| AW ‘:'Eﬁi 2cm 2 7cmE
g AGA 2Kk 28]a &7]e] 2 R
o EHRAFIPY =575 1001 E %2;11. gjolz
Well 27 € 2o FUs 78] =2 10g8S
S A ¥, EERE F4S 4% dFog o
Hol figo] ooz gEsx| XI=E Ik
432 322718 /mi(=1 090}El/ha) FEE IS o)R
3led 1 ml ¥ BY FHol 1% HEI FAEe
ARt 1 ml AElslEon Azl 3 1 &4 R
£ 93t 8719 A%S SeiE o= i)
o|&@A Hzjdt olad Fo)Z 8= 24°C 7)ol
AP, A 38 F 73S Adlo] HFel ot
AAHAE ERIEIT AARE BG4
< AR RS e 3 RN As)olA EH‘I"O]'
o AZFA st ARHF-E FARIAT AE-L 2
HR e g AAET

2.3.2. Vial 49
EoRY mE T3HUA HEe] HdAe Yo}

Inoculation of entomopathogenic nematodes

Filled with sand or soil(2 or 7 cm height)

Wire screen(2 mm)

Galleria mellonella larva with sand or soil

Plastic cap

Fig. 1. Scheme of sand column.
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1Y) 98l FEHUAESTAS] EoA AFH E
A& 4mmAZ F T, 120°C, 1.5 kg * flem™ilA]
apate] ARAHT ARA B AR 5,
10, 20, 30%(W/V)& T8-S 95 th3, 27 2cm,
o] 4.8cm®] screw-cap vialdll 15 g¥ ¥} o37]
o sl 8_F =X AfFet] Aol X AR Sl
QA s FEIGEEde] 28%S & vl ¥a
T EY &0l AASIE 7o) B oz A
olo] o] FH T HIlS o83l ZFHUA
A%, Heterorhabditis sp. KCTC 0991BP Al%3 S.
carpocapsae GSN1 A5 150 ©}&l/vial T=Z 0.5
mi¥ A2t Al F o2 wold glo|1eks
NE 348 FF9 T, vial T4 =5 2 &
7188 kg Boll Wlth &l FHal &5 uie
Hel] o} xS WREIHt. 2Pal 24°C] 327
of BAsPAX A 27 Fo 45 Fof HFol| T
APHT-E 2RI e, AT ARt 0.2
mid X2eiHch AFe 5709 viale §F whEo
3l gk o g syt

2.4. 20| 2EHaIYMEe| HalMo| o|xl= Y&

2.4.1. Pot 4%

Herapo] TEHEAN Ao M vRe I
S YolE7] 93 potd S AW E 1A
(Agrostis palustris Hubsy’} 21A1=0] )= Feuu]
2EZEAO] oA JTE o83t eyt
A7 115cme & AEE o839 10em Zo|&
AE B0l W H =°] 1lem, AE 1lem 3719
2lsg) sfolszel 719] WL Tolsze] ) 7ol
F7] el 7192 FHE S5mm =) Fsih
E ol w0l 578 AR § EECETE
4 cm Zool| EEE oA AT TEFZTY0] 2%
S 107y 91 2eE e it 19o] 4
Hg £ 2z gpolze| &5 #FSASH, 103.8
ml(10 mm75=3), 1038 ml(100 mm75 ), 0mlZ
Atk 22la 1Y & 23U Ay E
kS Aletged], =AY HFL Heterorha-
bditis sp. KCTC 0991BP A=} S carpocapsae
GSNI 7Al%5S A stA3, &2 chloropyrifos-
methyl ECE ARSI 25U A5-2 piped
2,300 FEE 27.6mle] EHOE AL, &
ok 1000802 B]AEld 27.6 miS AHE3IT

S

A7 B9 27.6ml A¥FH0H & 7He] pipe
5 T kR 3ukE Agsint. A F 25+2°C
o] 2hfjel]l RstEA WY 27.6 mi] B AEIA
o, 45 F 2+ Z1) 3:20] Yol A& e w0l
o] 55 AR

2.4.2. o] 4%

Hpigo] TFHAY %9 HAAddl nXe I3
S Yolry) A5 3= A A¥e &EEA 6
H back teeclA 9¥ 49 F3BI¥TE AUy 2FLS
S (Zoysia japonica Steud)$ ST, il 35
mmL ek AT 0.5 mx0.5m 272 dIo.
2 78& AF3en, A2 dele 0.5me] HES
=Y FUh AgTF AR F 7 T 74 RS
ACE 20 emX 20 cm A2 o] MAlEhs o]
9] FFH9} 2 2B AL H S0 B
SEEFLo] 33F oItk the ¢ 10 mm 5 A
Zrolle 2.5 19 58 BRI ogstd T3l
o, 100 mm #G AFlE 25 9] B B8k
I, FEgTe B8 AN &urt olF 9 9¢
6 oFd 7A] 308RE] 2FHAN A5 T A
X39=0l, Heterorhabditis sp. KCTC 0991BP A
E3 S carpocapsae GSN1 AE-2 62,0007H2](2.48
X109 v}El/ha) EEZ 0.75 4 SRE/E Asd
o} AT B9 0.75 1R Bl E A2skd
o, tZ A2 chlorpyrifos-methyl ECE 1,000
wjo g sl 0.75 )7 AT A2l 3]
BEF 7)L 23.2°C o AE 27 2 $RE 9
A7 7357 ALEA 99 8UolE 0.3 mme) -
b AdaL, o]F b 16, 1.7, 28, 44, 6238,
41.9, 272, 43.9mme] 27} At 108 4Y &
N@ToA ZFelo] AH WUR ZAlR= tl& Zo| 7
A HHoM 4lo 7 FCE 20X20 cm F7|Z o]
doRle ol R 5 ARG

2.5. SHEY

By ogsko] YA A5 #ede
U2 HERE arcsin® 2 HEHAIA Student-Newman-
Keul test2 X E|FT AolE EAMEA slH=d|
(PROC ANOVA)(Cho, 1996), Az}= Wghde] BT
+EFARE 171590 F944 AEE P=0.05 B9
ol A3t
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nm. 2 3z

3.1 £ TE0| 2EHY MEo| HalMdo| O/x|
= 98

A% Folv AE, B Zo|, EFGwe IF
B HAF9 WA FFE v HTHF=68.84,
df=47, 96, P<0.0001)(Table 1).

2cem EY ZoloMe Ay o183t BE MFE
°] 93.3%AllA 100%2] 7|FXARE-E B B2
2 WHYAde xolg Rolx gged, 53,

Steinernema longicaudum Nonsan A%-2 R T3

ZAM 100%2] 7IFAARE-S HYTKTable 2).
2 7eme] EF FoleXe AFe Folu AT
2 golgt BUE HAS B ope}t EYe] 4 F
of WEME xfo)E BT} S carpocapsae GSNI
AFE 3% 2AA Wddol M #Ren
(F=16.46, df=5, 12, P<0.0001), Heterorhabditis sp.
GSNUH1 Al%-L 18%9 ~&&70A HAAol 7}
F DUTHE =7.52, df=5, 12, P<0.0021). S. longicau-

dum Nonsan AlEoW} Heterorhabditis sp. GSNUH2
AZL 7em AolAME FHEAF WL £35S
100% XAAIHH.

TEETY0] FF S o183 EYEe e
SHAR AF BYdSs AR A7, BAg]
1A =& Heterorhabditis sp. KCTC 0991BP A%
(Lee et al., 2002cy> HAANA 2ol RHolx &
Sro k23 F=0.36, df=3,12, P<0.7834, 45 Z:
F=0.80, df=3,12, P<0.5184) = Aol e g
carpocapsae GSNI1 AEE A2 47 & EY 470
BEFE HAAo] FolXE AL BT
F=7.94, df=3, 12, P<0.0035)(Table 3).

R

32 22| 2EgalyMse] WalMo| o|X|= YE
HET2R: potoll A Terigel me 5 YA A
o] TEETYo] 28Fl i MY AN T
9 10 mm #AFAME Zel7t et 100 mm
oA E =2 AAES BYTHF=23.12, df=11,
24, P<0.0001)Fig. 2). 2AAEE-2 Heterorhabditis

Table 1. Analysis of variance for main effects and interaction of nematode species or strain, soil depth and soil moisture on
pathogenicity of entomopathogenic nematodes against bait insects, Galleria mellonella larvae in the laboratory

Source of variance df Mean square F value Pr>F
Nematode species or strain 3 4906.3 336.4 0.0001
Soil depth 1 9834.0 6743 0.0001
Soil moisture 5 102.4 7.0 0.0001
Nematode species or strain X Soil depth 3 53414 366.3 0.0001
Nematode species or strain X Soil moisture 15 193.5 13.3 0.0001
Soil depth X Soil moisture 5 132.49.1 0.0001
Nematode species or strain X Soil depth X Soil moisture 15 168.7 11.6 0.0001

Table 2. Effect of soil moisture and depth on pathogenicity of entomopathogenic nematodes against bait insects, Galleria

mellonella larvae in sand column

% mortality = SD

Soil
moisture H. sp. GSNUH1* H. sp. GSNUH2 ScG SIN

0,

%) 2 cm** 7 cm 2 cm 7cm 2cm 7 cm 2cm 7 cm
3 1002*** 967 + 58ab 96.7 £ 5.8a 96.7 £ 5.8a 100 300 £ 10.0b 100 100
6 100a 100a 100a 100a 100 50.0 £ 0a 100 100
9 100a 933 + 58ab 933 = 58a 100a 10050.0 = Oa 100 100
12 96.7 £ 5.8a 83.3 £ 5.8b¢c 96.7 + 5.8a 100a 100 60.0 = 10.0a 100 100
15 96.7 = 5.8a 70.0 £ 10.0c 100a 96.7 + 5.8a 100 50.0 + Oa 100 100
18 100a 533 + 5.8¢ 100a 100a 100 533 £ 5.8a 100 100

*H; Heterorhabditis sp. GSNUHI, ScG; Steinernema carpocapsae GSN1, and SIN; S, longicaudum Nonsan strain.

**Soil depth(=Depth of sand column).

***The same lowercase letters within a column are not significantly different (Student-Newman-Keul's test, P=0.05).
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Table 3. Effect of soil moisture on the pathogenicity of two entomopathogenic nematode strains against 2nd instar of

Exomala orientalis in laboratory

Nematode infection rate (% mean £ SD)*

Soil moisture Heterorhabditis sp. KCTC 0981BP

Steinernema carpocapsae GSN1

(%)
2 weeks 4 weeks 2 weeks 4 weeks
5 80.0  16.3 a** 80.0 £ 163a 100 £ 11.5a 10.0 £ 11.5b
i0 85.0 £ 10.0a 90.0 £ 11.5a 100 = 11.5a 15.0 £ 10.0a
20 900 = 11.5a 95.0 = 10.0a 10,0 £ 11.5a 300 £ 11.5ab
30 80.0 = 16.3a 90.0 £ 11.5a 15.0 £ 100a 550+ 19.1a

*Control was none nematode infection against Exomala orientalis.
**The same lowercase letters within a columns are not significantly different (Student-Newman-Keul's test, P<0.05).

100 =

B No watering Ij10 mm tiHOO mm |

~
8]

n
(5]

% corrected larval mortality
w
o

HG ScP CM
Treatment

Fig. 2. Effect of irrigation amount on pathogenicity of
entomopathogenic nematodes against 2nd instar of Exomala
orientalis in pot. The same lowercase letter over the bars in
each treatment indicates that there is no significant difference
among means (P<0.05). HG; Heterorhabditis sp. KCTC
0991BP, ScP; Steinernema carpocapsae GSNI strain, C-M;
chlorpyrifos-methyl EC.

sp. KCTC 0991BP AlE Az Al, F&5r= 654%
QAT 100 mm BFAME 100%S] WA EAE BYoh
T2 S, carpocapsae GSN1 AlB-& A E7to)] x}o]
7t (. AT FAETe] g2 FoTTMe
86.7£11.5%, 10mm A2loAE 93.3+11.5%, 100
mm |7 A= 83.3+5.8%ATH

SAREEAS] ElojlA Bpsko] TEHAA A5
B mXle GEE golry] sl AR A
= Fig. 33} 281t}

Pot A3e] e} o] Fggo| FTIRE 1)
o)9] TAEL FVIhs Aot frelde gl
i, AFe] Fol wet fofgt AlolE BATKF=9.15,
df=11, 24, P<0.0001). Heterorhabditis sp. KCTC
0991BP AlE 2] A, FATFTFI e 67.9%2] B3
T8-S HA3, 100 mm B 77%2) d4as
< B S carpocapsae GSN1 AL FAFT

100
a : S
a M No watering D10 mm 8100 mm
ab T S NEEe .
© 75 fono
2 -
&
v .Q
g =
i2®
o . -
59
o 1
S -
0 .
HG ScP CM

Treatment

Fig. 3. Effect of irrigation amount on pathogenicity of
entomopathogenic nematodes against 3rd instar of Exomala
orientalis. Experiment was made at the tee of Ulsan
Country Club. The same lowercase letter over the bars in
each treatment indicates that there is no significant difference
among means (P<0.05). HG; Heterorhabditis sp. KCTC
0981BP strain, ScP; Steinernema carpocapsae GSN1 strain,
C-M; chlorpyrifos-methyl EC. Corrected reduction (%)=
{(Reduction rate of treatment-reduction rate of control)/
(100-reduction rate of control)) X 100.

AAE 56.4%, 100 mm HATTANE 584%= 2]
7} It LElT BxE T §EASS FHGT
NME 6.3+10.9%, 10 mm AT E 9.2+8.5%,
100 mm A& ToXE 12,61 13.0%3Act.

Iv.o &

TS Y A5 5 9 viHe 7t
A Z83 QA F9] sho|th(Kaya, 1990; Georgis
and Gaugler, 1991). EYFEL 50| Z3rdA
A0 el B3R mA|ARHKlein, 1990; Yeh
and Alm, 1992; Koppenhofer et al., 1995; Cabanillas
and Raulston, 1996) A5=2] Folu} AlEo| ulz} =}
o7} 9l oz el Utk(Yeh and Alm, 1992;
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Koppenhofer et al., 1995). ¥ A7 E E%9]
Ziol7} &2 ZAR empiXE e SHAAL AS
o] BN el fIAATE 21 27(7 em)olA]
= AR Xor} AT} F, Heterorhabditis sp.
GSNUHI A& EYTEo] S7Has Bedol v
olx= S R\ Heterorhabditis sp. GSNUH2
AT Zol7t YAt ¥HA, S, carpocapsae GSN1
AT Eokrio] He Z7oe HYAdo] ¥t
U S longicaudum Nonsan Al5-& 5o W& 2}
o7} YTt TN dF0] WAl FEFE v
A BEYY ¥ =de ogsith F H
bacteriophora Cl AlS-& ENHTIF 14%00A4 33%
2 ZNl we} 49%10° wlElha X2 Al HTF
ool thgt WYMol 31.7%NA 85%2 S7I3IHA
Tk, H bacteriophora HPS8 ASL YU FolA
81.7%NA 883%% 2 Aol7} §AtHYeh and Alm,
1992). WY S anomali®] 739 HEFPo] H3l
el EFRFETE 25%Y We 80%2] ArHES BER
gk 50] 40%Y W XAkEo] 30%E AR
tHKlein, 1990). 28|32 EYFE e =594
AZo] FHRA Y f500e] T} AZe] =,
S. glaseri®]l 79 %#%E7} -1 MPadllA -0.01 MPaZ
Z713tel Wl U8R S, carpocapsaed] 7=

Hgoll= F7BIPT 8o| B A9 238 2Aad
THKoppenhdfer et al., 1995). & A% o]8d =
Eo

ZHAA MEE F S carpocapsae GSN1 Al
ezl Sl diste] Made] 58 Al
2 JPFeE 48slEo] e FoE FE AN
& WAE ddez o]&Ei §lcKPark er al,
2004). 12t B g BAE st AR A
= 5P B5E sk o] o RAeE AL
2=

10 mmt} 100 mm B pot A olx= 25 Y
A AFe BHE TG Hisl g FRlou &
7 AFeMe & Afolg HolA] Agltt. o] dld
3|5} #7ol e xlole} ofez7INME A 2
THE od7F A)EHQ) AR QIS AoF Az,
Z pot APor= TEET] 2858 deE 5}
A3, oRJAFAME 3#HETS e R 3] WE
o 7l W& MdFe] WU Aol JUS Ro=
AT SEFEWo] 335 Hisld 285 A
Zof tigt 7=4do] Erl(Lee ef al., 2002c). 28|

py

HIE A 6UR7FA] 10 mm 2<% AgTR} 2L
0.3-4.4 mme] 5] QA A&ER0 A9 Q8]
opjol| M= el wE XZe] WA a7t A
A Aoz Azigr)

FEAo| A B A9l wet ZolFol e 3
Zo| WS ZAITKCrutchfield er al,, 1995). ol
Flolrl A v Eqkpito] Adt g Fot At
Hal7] wioltt, Wi FHole] Z vsiAlz]el A
A HES} A IrE s FolY FEE 4
Zrye] 3j&o] welAcHCrutchfield er al., 1995). U}
A AN TR A A vde &
gloje] ARl e F5, T S A,
FZ2e] A T et Melehd 1 ZRE ¢
S EY F UE Aoz AT 53] B
wE Mol AYH e EX oM gk =t}
(Molyneux and Bedding, 1984). &, A&& ALEd]
e TS FE(-0.0002~ -0.05MPaypllA 71500e] 3
2ol o]FojA 1, HENA T F-2 FE(-0.002 ~
-0.07MPa)oA] o}FolXIt}, Z1guE Tl o] B
#Hh B RoME A% AX F A5FS sHe
Ro| AZo] HAGE FUAL F US Ao A7}
X5k, Hojglol} HZoll M= FHwgt BE AY3)
oo} 3+ Ao g Adr) ol $uehs 683} 7
Y& Aulrje]7] wie] o] Al7jel] TEHAA H5E
A & w= w7t 27] A Hrks 3o she Zo]
nlgz] 8 Aoz AZIECE Cabanillas and Raulston
(19962 WX 8. riobravisE 8] & o A& A
2] e Fol) wisled x2] 3 BT} Heliothidis
zea?] AARE-S Folan, 3ol A3 o] MF
HeE oS BG4 9. webA A3 AE
Aol ARAFE 3l Bl 58T S FFT
F A%S Avsiue o] ¥EESE sl 2 o
Holl RalElo} gle 0] EQUR )5 2 4 3
T2 A3k Aol ¥ad Aox AAETH Jackson
et al(1983)= A5 AX Fo] F7FAQ] A7t 9]
Z olel2e] MFolE-S AL Stk F=Ae
2} APHER G2 a-ofu Elof] vt A} 3ok
Hog o]FolrR] Rl Agoldt. wlebr o]#gh
AHel A ZZHAA A58 A4¥e die 97t d&
B NFS A £ A9 4L 5 US Ao
2 AZkEn, 53] AlHE= AR I8l Al E A
Zo] B3 I 54" JFsAe] By wEe] M3
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AE A EFS Bol 819§ AR g
ok & o= ket AAR Hget 29t A
FY ARG ApER) A& ARlsld FLEF)
o] 55 AR o7} AtK(Choo, unpublished data).

vd 8

S~

STHYY AL TS AEA YARKIE o

Wl o187 YUk 3] EPY shel Aol

HAl Qe 23 A5 Hede] EYRe] ||
= %S Ao} XE, FTAN FAMEIE
ColumnfolA] EFe] Zofu} $-2-& Z5H Y 4459
Foht ASe wt BN AelE BT 2em
columml| M= BE A5 (Heterorhabditis sp. GSNUHI,
Heterorhabditis sp. GSNUH2, Steinernema carpocap-
sae GSNI1, S longicaudum Nonsan A%)°] Ekri
of me} WA Rpels BolA] gkgkort, Tom
column®| A= Heterorhabditis sp. GSNUH1 AL &
FrEe] BSTE Aol A, s
longicaudum Nonsan 7A1&2 3% EFTE(viwelAl B
Aol 71 RESI). Heterorhabditis sp. GSNUH2 A
oI} S longicaudum Nonsan A5-2 7cm Zlo]ojlA]
T gl wel HAgelA AeolE HolR] skt A
MM TUFFTYo] 2%8F0) ek A HF W
A& Heterorhabditis sp. KCTC (0991BP A5 E
% SRol me WAHANN Aok RO §
carpocapsae GSN1 AlT-& F30] F&55 B0
Sk 2eful RIE TR pold] SLEEFTHo) 33 F
o) g ZFHAA M50} WS FA5TDol 5
of s WYAol E& Heterorhabditis sp. KCTC
0991BP A1%E-2 T4} 10 mmPA<ol] ¥13}ed 100 mm
A5 Al gego] Eith ey BYel Be s
carpocapsae GSN1 Al'T-S ol we} zlo)7} qiict.
S Bl pot AP 2E AFS R}

HAtel 2

gupl2EZ R AT AR EAEA 7

Ay
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