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Biological Control of Lycoriella mali (Diptera: Sciaridae),
a Pest of Oyster Mushroom, Pleurotus ostreatus Using
Entomopathogenic Nematodes
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Hyeong Hwan Kim, Ho Yul Choo, Heung Su Lee!, Chung Gyoo Park,
Dong Woon Lee, Byung Rae Jin? and Young Moo Choo?

Abstract - The potential of two entomopathogenic nematodes, Steinernema carpocapsae Pocheon
strain and Heterorhabditis bacteriophora Hamyang strain as biological control agents was evaluated
against mushroom fly, Lycoriella mali in laboratory and field. Mortality of L. mali was significantly
different according to nematode species, concentration, temperature, and developmental stage of fly. S.
carpocapsae was more effective than H. bacteriophora. Mortality of L. mali was higher at 25°C than at
20°C. In addition, the 3rd instar and the 4th instar of L. mali were more susceptible than the 2nd instar.
The lowest LCso value was represented by S. carpocapsae, 20.0 infective juveniles (Ijs) in the 3rd instar,
27.5 Ijs in the 4th instar at 25°C. S. carpocapsae infected all the developmental stages of L. mali except
egg stage and the 1st instar of larva. The highest mortality was shown in adult female representing 74.0%
at 20°C and 80.0% at 25°C. L. mali female adult was influenced by S. carpocapsae in oviposition. The
number of eggs by L. mali female infected by nematodes was much lower than uninfected females. S.
carpocapsae was dispersed by infected L. mali adult with higher numbers by females than males. When
S. carpocapsae was applied at the rate of 2.25x 10 and 4.5 X 10° Ijs/1.5 m? in the mushroom house,
mortalities were 42.2% and 81.6%, respectively. The infective juveniles of nematodes survived for 14
days in the mushroom medium. However, nematodes did not affect mushroom growth.

Key Words - Steinernema carpocapsae Pocheon strain, Heterorhabditis bacteriophora Hamyang
strain, Mortality, L.Cso
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%Oﬂfﬂ 20.0u}8], 38 Sl A] 27.5u}2) e}, S. carpocapsaedl| 21& 14
& A A WA B waen, g Al ¥
20 C°ﬂ*‘] 74.0%, 25°Coll 4] 80.0%}. S. carpocapsae= 7]—,—°3H“]6i-‘ﬂrﬁl
£ SA3iel el 9 s S
2 15mP9 225 x 1050}2) 8} 45 x 105a}2) 2. Helgt 1497 &
"Vq?‘ﬁﬂﬂ*}"ﬂ’ﬂ TEHIA AFS 149714 ASHT 9\1‘3\1‘:}
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5o WAl 7Aoo H]X}ﬁq A
o] FolHlel me} WAl F71e] F o] Hx
Ut 223t $-7] ke WAlAkg "E*‘}%*% 7]
Fo =z AMA 10$]¢]t} (Anonymous, 1999). 19981 &
A e}z A (Pleurotus ostreatus)2] AArF2 58,973
kgo 2 WAl (Lentinus edodes) 4,048,631 kg, ok4
o] (Agaricus bisporus) 278,323 kgol] o]e] AAleko] wk
2 WA ]y (Ministry of Agriculture and Forestry,
1999), vid i 57l7b vt At A&
27 74sta sioh 2Ev MAR AAREE g9l o
Eo] WAl w3 5[ ZA A Ha gl
}. =, WAl 5] 3 (Mycetophilidae), Z3}2] 3} (Ceci-
domyiidae), ¥ &}2] 2} (Phoridae) &) F3} Hgl 9
E%7], Linopodes, Tyroglyphus, Rhizoglyphus, Histio-
stoma®} Pygmaeophorus -3-°W, Ditylenchus$} Rhabditis
9] MZ o] I8l & F3 ¢)v}(Thomas, 1959; Kim
and Hwang, 1996). 73 & 27w A s}2] 7} (Sciaridae)el]
23}= Lycoriella mali, L. auripila, Bradysia pauperi,

B. fungicola 3= ®Aled] IsE wo] F1 Qo
(Sasakawa, 1993). »-glz|¥ A Aujd] I & F= F

L WA= FE ARG 3,
Fag el &3k e fH7) ded, 3 F HAGN
WA ste]2bel] &3} L. mali, L. auripila, Bradysza sp.
=9 )87} AlZHsloh(Clift and Toffolon, 1981; Al-
Amidi, 1995; Scheepmaker et al., 1996). $-2] }e}e]
el HA Aujatel] @A HASEE L malis}
Bradysia sp., Megaselia nigra, Coboldia fuscipes,
Mycetophila sp., Mycophila sp. $°] v} (Lee, 1997;
Lee et al., 1998; Lee et al., 1999b). E3|, L. mali2] 3]3)
7 st melEe g B ohieh ekl B
= ¥sl& =3 9lc}h(Ishitani er al., 1993, 1997;
Ishitani and Sasakawa, 1994; Ishitani, 1995). L. mali®]
S22 Bulde), 24 Ak A, §A9), 2
AE 7hesle AdEE HAZHY S dod)e Verr-
cillium fungicolav} Mycogone, Dactylium sp. (X))
59 HAHAFS] At H5 el Fot NEFF
2 WAFezs 243t 2214l I E FU)=
51 (Rinker ef al., 1989), L. mali®] 7% 17% A =9

i

, Heterorhabditis bacteriophora &9F A%
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elelwAl 342z g} (Cantelo, 1979). &3, ¥
Alsle] ¥Al= F=2 diazinon#} chlorpyrifos 52| &
okel] o]&3}31 ]t} (Cantelo, 1979, 1981, 1989). =-oF
= WA ALY AA A4 A w B Ay
Z27]Ql Huldu]g} & sl AH1 Y= (Clift
and Toffolon, 1981). ¢] &} 72 A3HH FAATZE B
’S\jlral H}Xﬂ"ﬂ“ 9grelA] 23k, KA 7)ol = 5oF
AME-E & £ gk b P stn &3 el A
'4"’4-4 v uby ste] Hodd EE3HIA A
o] AA /MM AT Foll &AL e Aoz odelA

eiv}. &, Bradysia sp., B. paupera, L. mali, L. solani 5
o 22394 439 e addos A=

o} L. malix= 80% o|AYo] Steinernema feltiaedl 2|3}
o XA} ) 31 (Grewal et al., 1993), L. solani ¥ X 5]
ol = Neoaplectana feltiae (=S. feltiae)7} E3}A o]t}
(Tomalak and Lipa, 1991). %, Richardson and Hughes
(1986)x= H. heliothidis7} S. feltiae®.v} Z.x}z] 3}
(Cecidomyiidae)ell o] &} ot dle] WAl
o Zo we} 439 T3k A ekt gk
2 A7E WA ANA) BHY Seke ARHO

2 A8 & bl oln mntE AR gL whgel
A s, Fuce el A9 01—2424011 233
Aake $8te] Zleguslaels 3HU ASe
= wAlsknal sheiet
ME U w
" 25 ME
A3 ZFe] ele]w Al e Al A2 e_;]'_‘g:_

2719} mouth aspiratorg ©]-§3le] AASIHA 1L,
& I&E F3 W wiAF we] e AgA= 7P
et 02mm A2 AL o B3y g A
e & F257] S5k AR AFS 1499 4
el WAl (ASTI 2080)] Atz U™ E=5HAH
petri dish (@87 x 15 mm)el] 20~30w}2]¥ ulAlslgdct.
u )= potato dextrose agar (PDA)S] 1, 25°C 8}-2-7] 4]
BastEA AeHE fEsig A ’E—J'ﬁ of] o]4d
eadmAge] 455 432 E22H petri dish
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A o A5 240 E o) e

Ao AR ZEHAA A FEEAYvh
(Galleria mellonella) %2 u|7] 2 (Bedding and
Akhurst, 1975) 98] e} EofA] E2|FF S. carpo-
capsae®} H. bacteriophora-& ©] 438Gt T2 A
AL BERAEY =5 53 (5% 3)NA Dutky
et al. (1964)2] Wloz wzk FAAIA o] &3+
ZAlE] AMZ2 White trapg o] &3] $8slgl o
Agells £EA 35 o] HFE o83l
(Woodring and Kaya, 1988).

AL Al

1) ZsgeiAazo cigt Haly

WS olr ] 9)sle] Ze} A" petri dish (87 %
x 15 mm) 2] PDA (A} 200 g, agar 15g, 27 1))
Wzl A 14 Bt HlekEE VFH el A (ASTE
2080)-& 150 X 10mm cork borer2 W] Wol 150 %
20mm 24 multiwell tissue culture plateel] Yo H =
of petri dishell A AH3kT Qld Z14dm Aishe) 2,3,
43 7t 9719 §2& ATz @ vl 7} welle]
HEoA 23904 43S AT 53
g w5, 10,20, 40, 80, 160w}2] =2 0.1ml &
Sog gl wlelz Jdoz Azisich Ao
3 59 ) HAlgE] 39 & holez g o]
=& ¥lx]3l7] 9s}ed tissue culture platee] $1 BE-S
Jez e g FAE BT TEUUY A
ojst MAlgE] 5 QAT BRI F Ry
u) st A Felstget HEls 20°Ceh 25°C 827
Well A Zt2h 10mp2] 5 1HEE-o = sl SubBog A
g 3l5dt}. QA AFE = (LCso) S Qolr7] 3l 9
o} 22 Woz XeEsta AR E. AR 107}
g MEoz s aRoz AUe sYusdt

2) 8. carpocapsae?t 715 Alxia]Q] Abstof]
njxl= Ag

S. carpocapsae® WATE] PFd A slge o,
AF A=l wAlgte] A ARt v g
otel B glct. PDA 12ml& 550 x 15mm petri dishol]
EF35le] wixE 2 Adsdried T A
AAGAANA B3I Fold ©lg]HA FF (P
ostreatus, B3 =e}g] ASTI 2080)8 FFAldA] H=
3la 254£2°C §-27]eA] 74 Ft weFsidH. S
carpocapsaes unlol=E I oz 100v}E] HEE
05ml AE3A) 127 F AWM ARS Folwl
Fd 2333 A7EE ALguAgE] 5 A E sute
A& 7} petri disholl WAL=, A A ste]e] 2
HlE= SR ol o] Foix]7] wiFel] 2R 1A1ZF 51t
oA 7] v]EE 1:12 3o 10709] petri dish
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PDAuAJe]l 10v}2}¥ o] mw]g f=sigloen] A
Holl o3 472 £5 F¥3) FRaA. Gk
o2 AANARAA R HF sl 1~2de)7]
o) Fof| (Gouge, 1994) H2] 72A13F ¥ 7+ petri dish2
HE R ZleduAse] 4 AFE A,
| R-Hu| sl AR AR &8 8 2418}
Ao} A AFeT 05ml Helsign, AP 25
+2°C F27 el A SRsiant. Azle 159N
2] R AF sukelrt Eolsle 1709 petri dishg
IhE-0.2 st subEo2 Az|3lgiet

3) 7iu{Amzlof] 2|3t S. carpocapsaee] Fu}

A2E AdFo] pduAge] o ot At
HeA sty 3t ogat 22 AFe i+
FoAWAM el HA FFF 870 X [5mm petri
dishe] PDA wjz]e]l AHEs}e] 25+2°C -7 oA
149 F<b wh kst v oFgt 270 8] =ef{H A petri
dishE 30%x25%19mm ZEe}AE caged 0cm 717
o=z wiX|slx 3} petri dishell= S. carpocapsaes-
5000008 == 1ml Hstds, Umx shie
petri dishol] & @49t 1ml Hegstdc) 308 F 7
AT E 7 cageoll WAIREY, SAEF S0
ole], £7A % 50vte], ¢A 259k + 47 250t
7R A2z st A2l 72412 F 7} cagedll A
AbS4RE 2] 8 petri dishell A} #AFE loof 2 o
odeh. e AT W FFH AR Aol W
Al 38umAl 2 A ow, 38umAel] A HFES
87x 15mm petri dishel] Ro} s|RIn]|A3} A L
5 o3t} Cager 271 14417k ¢=71 10A|2H
9] 25+3°C AoA F3, AdE=EE 83+5%%
o AL M shte] cages o= e 5ub
oz sysisich

1) 4x| &t

2000 49 159 A= FAA e =gy
Al Auf At A S. carpocapsae®} H. bacteriophoraZ
Aejspe] AegHATeS) PA ERE Fopusich
AMegAl WAL 70x150mygy, FAF HHL 1.2x%
[20mgon} AA 3, 4E2 o]FH gl A7
FAe] MAL S AFE F 4694 (ARSFE 257)
ach A ot 153 22kl e FAFA
10X 1.5mE 3hte] 72 sho] APyl 5wt
Foz THES. Age AMS WU A
247t 225 x 1059}8)/F (=1.5 x 1099}8]/ha) 9} 4.5 X 105
ute]/F(=3.0x 10°=t2}/ha)e] ¥ =2 A3g
32 419 g0 BHstel Brede zshald
FASTE 9 41 Axsheleh 23 A 7
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o 14979 §252 v|msle Frislde &, HA
Wl %] 10x 10X 10cmE ZF 2] 3 | HA| A F3le] A
HAlz siA el FoFE AL g, Lee ef al. (19992)2]
W og 77k §32& Bstd 1 £ et Al
71742 AuA e HFEEE 24£3°CHeH, A
Y& xt 81+4%%]ch

2) e{AleixjofMe] 2EHAY HEL| YE

215 Alste] WAAY S WA AN Z5H
QA A2 AEYE gotrspet. AF A= AF
Al F 794, 1494 2 T 32 AR
10x10x 10cmE Hate) APA=Z 7kx e} FuF A
&t} 90¢ x 11 mm polyethylene cupell @3 EH
A =& 3633 SeEI4 S Yo 28
379 & 7t cupell A BHREAHPY £5E A
3] 32-3u)74s}e] Ringer's £HoM 23t AZol
g AAGFE Fsidoh A 4 77 349
cupg 1HE-0235le] Sut¥oz 3.

3) TN MEo| HAMSK | = &

S. carpocapsae?t =E}e|W Aol B1X]& & Lot
woteth AARH(Z37A) R F o] £33l HAE
boxA 3= AFedrIede) 5x7m =7]8 7l
WAz AL A A-E 433kt 40 x40 x 10 cm
Za}2E boxel] EelE|A FAE HET 25UA,
7} box % 0.5 x10%=}2)/1(3.125 X 10%°=}2)/ha)et 1.0x
105u}2)/1 (6.25 X 1099}2)/ha) =2 S. carpocapsaes}t
H. bacteriophora® 7}7} A 2)slaich. X8 % boxi 3
ttoz FAE 86x86x 164cm bedol] Z+7 ¥ 3
e o2 wxjsldch. FAE box: 178 B A
stgoh. 2elz 793 149, 2194 HARAE 474 +F
S 2AE 2Heach A% 3 Wb 3
FLx 26+3°Cygor AdEEs 79+ 5% v}

EAEN

A petri dish®] &MU AF Ags=ed 14
guMsta] oo B2 2)A1g2 WEER FAlse
Student-Newman-Keuls test2 FAFR-A 3lg] o), LCs
£ probit A3l Z14FW AT W& AFSE
AR st (SAS Institute, 1996). 715G Algte] A
9] Alghe]] w)X)e T2HYA AFY FL ttestE
BA sk A A e gty XA B
A e27 A% 2 A 35te] Tukey test2 X7t #-2]A4
zto]l2 BA 3. =E 7499 Student-Newman-
Keuls test$} Tukey test®] §-2JA Ax=x P<0.05 HH
1A ol £ A

= & 3 A Vol. 40, No. 1

24
AL AE
1) 715 slntejol] cist HAY

22uRY A2 9T A4HATA e
& Ao 2 x5 2x P AeEMATH 2] 76
wa} x}o|7} 9llch(Table 1). &, S. carpocapsae?} H.
bacteriophora®tt EH}A YT, F F EF 2HFH

32125} 4s3elA EapE ol A Alsh
gle] Ao 97 XAMES 20°CHUEE 25°CollN ¥
A S A AAEHA] st

712=dw A atelo di3t S. carpocapsae$} H. bac-
teriophora®) WAl 279 AFe] F, A
2o wet xte]7t 9T (Table 2). WA s =7}
4R ek e 25°Cel| A28t S. carpocapsae®
A Aste) 25204 2008}, 33N 275
2| T, 7P B A2 H. bacteriophora®. 20°C
A 5guATte] 38 FedA 18500, 4% Sl A
(389u}elgch 29 2 ke 392 4l W
X ARgxgke] Wkt

S. carpocapsaedl] ¥ ZpFMAlTE]e A
waohAe] el *jo)r) AN (20°C:F=89.93, df =

Table 1. Analysis (ANOVA) of the effects of nematode
species, temperature, and concentration on Lycoriella mali
in multiwell tissue culture plate

Type 1 SS*
df MS** F

Pr>F

Sciarid mortality
Nematode species (N)
Temperature (T)
Stage of L. mali(SL)
Nematodes concentation (NC)

17000.3 356.3 0.0001
2800.3 58.7 0.0001
15336.9 3214 0.0001
173860 3644 0.0001

1

1

2

6
NxT 1 360 0.8 0.3858
N xSL 2 1894.1 39.7 0.0001
NxNC 6 7170 150 0.0001
T x SL 2 108.3 2.3 0.1054
TxNC 6 130.9 2.7 00134
SLXNC 12 9577 20.1 0.0001
NXxTxSL 2 4.8 0.1 09051
NXxTxNC 6 277.7 0.6 0.7461
TxSLxNC 12 243 0.5 0.9079
NXTxSLXNC 24 71.3 1.5 0.0691
Error 252 477 - -
Corrected total 335 - - -

*§S = Sum of squares; ¥**MS =Mean squares
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Table 2. Lethal concentration at 50 and 95% fiducial limits (FL) as determined by multiwell tissue culture plate bioassay for

the infective juveniles of entomopathogenic nematodes against Lycoriella mali

Nematode species Temperature Stage Slope £ SE LCs0(95% FL)*
Steinernema carpocapsae 20°C 2nd instar 1.0+£02 511.1(213.21-4695.4)
Pocheon strain 3rd instar 1.1£0.2 38.2(26.86-57.02)

4th instar 1.0+0.2 39.4(26.69-62.23)
25°C 2nd instar 0702 584.7(190.3-221779.0
3rd instar 1.1+£02 20.0(12.99-25.00)
4th instar 1.1x0.2 27.5(19.25-39.20)
Heterorhabditis bacteriophora 20°C 2nd instar 1.2+03 546.1 (241.98-4928.0)
Hamyang strain 3rd instar 1.2+02 185.0(111.44-476 .49)
4th instar 1.1£0.2 138.9(86.81-317.00)
25°C 2nd instar 1.0+£0.2 571.7(227.42-6828.2)
3rd instar 1.1+02 102.7(68.31-197.35)
4th instar 1.1+02 92.4(62.00-172.13)
*LCso expressed as number of infective juveniles per L. mali larva.
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Fig. 1. Mortality of the Lycoriella mali by Steinernema
carpocapsae Pocheon strain according to different sciarid
life stage. Same kind with the same lower case letter above
bars for a given date is not significantly different (P<<0.05).
M; mail, F; female, L; larva.

Treatment

Fig. 2. Effect of Steinernema carpocapsae Pocheon strain
on the oviposition of Lycoriella mali. Same kind with the
same lower case letter above bars for a given date is not
significantly different (P<0.05).

WN; with nematodes, WON; without nematodes.

7,32,P<0.0001; 25°C: F=65.93,df=7, 32, P<0.0001)
(Fig. ). 71 X|Ab&e] 4™ AL 20°Cell A 74.0%,
25°Cel A 80.0%%] AAMES HQl 7l AZolgidt.
dutg oz F 2xoA] o WEHA LS XA
o) Rorem, Wl WERA} ¥ EpE Abgol
w22} @3t 133 AE o] Aa o) ol
2|2 ekt
2) S. carpocapsae?} 7! Malg|e] Argto]
o X= Hg

YA AS S carpocapsae’= 715G Al
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Fig. 3. Number of Steinernema carpocapsae Pocheon strain
dispersed by the adult sciarid, Lycoriella mali. Vertical
error bars represent standard errors of the mean.

Atgbel <38k w|HuH(P>1T1=0.0001) (Fig. 2). A4+
seut 2] 3 petri dishol 18] Abgbs7} 421.670/50}2)
(8437 /m2yH w9 vlsle] S. carpocapsaes e’
Rl ME 5470501 (1170 /DS e. A s

2 QA A2 ARalel AT AE4EE A 3
3} H A% o stelo] 3291 (1~9Tjs,n=30)¢] A

Zo] 7143k Ui
3) ZixgHA m2lof o8t S. carpocapsaee| Tmt

=3 YA AF S carpocapsae’s Z)4FH AT
L. malid) 7|1AE & A7} Hok(F=7.68,df=2, 12,
P<0.0071). &3], 5}2]] gt - $o FAlgle] HFE
Avlatgd ot Aol uwhel AFe] Aupelr] Zo|7}
slsdet (Fig. 3). &, 50viel & xest 74wzt
A MZEo)| &8} S. carpocapsae®] A I}p= 11580}
2], $7lel 93 A& 320vnE]2 G &3 Ao
b BUT - F EFHFAAMY Ay 57.249
.

ZI4E

1) Y&

WA )ALl 8. carpocapsae$} H. bacteriophora &
A3 F 2pgiAse] {30 d=da &23s
ool A3}, S. carpocapsae?} H. bacteriophoraR.c}
&7} 29} (Fig. 4). =3t S. carpocapsae’= T3
45x 100} 2 A2l 7o) 225x 10} S Helah
AR §E2F4ago]l U &, XY TdA 225x%
105u}tz] Aol Al 623482 283%,45%10°
ulg] a7 41.8%gem (F=3.79,df=3, 16, P<
0.0314), X8] 1444 2.25x10%0}e] A2 FollA

¢j

Z 3 3 X Vol. 40, No. 1
100
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Fig. 4. Effect of Steinernema carpocapsae Pocheon strain
on the sciarid, Lycoriella mali. Vertical error bars represent
standard errors of the mean.

ScP: Steinernema carpocapsae Pocheon strain, HbH; He-
terorhabditis bacteriophora Hamyang strain.

Table. 3. Persistence of Steinernema carpocapsae Pocheon
strain and Heterorhabditis bacteriophora Hamyang strain
in mushroom cutivator using Galleria-bait technique

Nematode Concentration % mortality £ SE
species js/plot) 1 week 2 weeks
S. carpocapsae 225%10° 100.0£0.0a* 100.0+0.0a
Pocheon strain 45x10° 1000+00a 1000£0.0a
H. bacteriophora 225x10° 1000+00a 960*1.6a
Hamyang strain ~ 4.5x10° 1000+0.0a 100.0+00a

* Within columns, mean followed by the same lowercase letter
are not different significantly (Student-Newman-Keuls Test.
P<0.05).

42.2%,4.5x 10%}g] ] F-ol|A 81.6%At(F=11.06,
df=3, 16, P<0.0004). 3+9, 2 2= u)e n)7|2
sto] AElg T3HUAA AFY AHHE Yot 2
3}, H. bacteriophora® 77 225x 10%a}2]& 2|38k
A& At 2E ] FelA 25 F<t 100%2]
FHREAPP =S FF XAHEE RS (Table
3).

2) 254 ME0] HAMK o[x= &

ZFHYEA AFS e ARede oMY
oygFg m| XA ¢k} (Table 4). S. carpocapsaes}t H.

bacteriophoras T Z+7} 0.5x 10°0}2], 1.0 x 1059}
gz A3tz AT HAFLFE v AR, 7
A HASHES 27t 0.5x 100k M el M
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Table 4. Effect on growth of Pleurotus ostreatus of entomo-
pathogenic nematodes

Quantity of P. ostreatus (g/box)
according to

Treatment Concentration cropping period & SE
(Ijs/box)
First Second  Third
period period period
Control - 926.7 500.0 3833
+2643a* +577a *44.1a
ScP 0.5x 103 800.0 3233 4333
+1258a +722a *8l.la
1.0x10° 1150.0 336.7 3433

+500a +867a *+979a

HbH 0.5x10° 990.0 363.3 3133
+954a +696a *467a

1.0Xx10° 800.0 3133 350.0
+1155a +60.1a +404a

* Within columns, mean followed by the same lowercase letter
are not different significantly (Student-Newman-Keuls Test.
P<0.05).

**ScP; Steinernema carpocapsae Pocheon strain, HbH; He-

terorhabditis bacteriophora Hamyang strain

800.0 g3 990.0g, 1.0x 1050}2] 8] FolA] 1,1500 ¢
I 8000 gez FAE T 9267 g FoH gl X|o]
7} QAQTHF =097, df =4, 10, P<0.4660). =, 1132
23} ol we WA 4% Aolr dsic ol
738 1444 WAl 247t 0.5%x 10502 A
2| ol A 3233 g3 3633 g, 1.0x 1059}2] 2] ol Al
336.7 g3 3133goz BAel e 5000 g3 xo|7}
915l (F=1.19, df =4, 10, P<0.3715). 18] 3 2197
WApee h2 4333 g3} 313.3¢g,343.3¢g3 3500¢g
oz ZAe]F2] 383.3g3 zpol7} glo] (F=048,df=
4,10, P<0.7515), 5 YA AL A9 zfufel
FHA s v|AA] ¢k Aoz vePg.
LI
) et el Ale mawl A, ofdoleh o
wo) AT} 2olelA 2o S BET 9
o metelm A A A dukd o wsisels)h 7}
4w AdE Fn glem AdEAAstel R
(Sciaridae), &3}2] 7} (Cecidomyiidae) @ ®3}z] o]}
(Scatopsidae)ell 38l 6% 0] X9 W A]7]d] ujet
Az o= I3E 1 Y Kimeral., 1999). 1 &
Aegm Azt A3 WAl 1F S
of F&l & do7 AT wAgE oo A 7HA]

A WA o] g AgelA TFHAA A
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S. carpocapsae7t "5 &37F UKo F, WA
$3el U AAES A B ww, ex o 14
QuiAsHe) 97)e) w2k g Aholrk Qe (Table
D, AegmAlgie] o) 28 %& A9 38 FI 495
ol M 2] LCsoFk2 S. carpocapsae?} H. bacteriophora®.
o} v % Jotel (Table 2). AWAI G A 714G Al =}
g 2839 33 F, 43830 A4 AFE YIS
W 2mFuce 3930 483 Argel ¥
(Table 1). AlAl A Al Abolj A= W Als}a]e] A whe:
A ZE EXs] dEel AdEe a9 oS o Bl
A 4 lg& Aoz 2o wAlse] Mycetophila fun-
gorum (Mycetophilidae#}) Al Fol] g 7|8k Yo
S. feltiae7} #Z= 3B 3 (Poinar, 1992)% o]z Gouge
and Hague (1995a)%= Steinernemads A% 6£3}
Heterorhabditis% A% 2Z2& 2+7+ =471 =g]
3} (Sciaridae)®] Bradysia paupera 3t w}g]ol| 20m}z]
FE2 AHEsld AAHEE GobE A, S, feltiae?)
A 7}A =9k, S. carpocapsae®. H. megidis K.
e & ANEE depisicn Rusk Ao @
A} S. carpocapsae - 7)Ao 7} &5
% kel 3 200k sEE AYAGE W, IR
W 7lel A AAHEe] ESIH(Fig. 1). AT
W 7)1} AFolA X AHEo] ¥A vieRd A2 wHH
71 AFd x2EHE o 3ubSo] AL gle] A
2ol Aol Holohul, 4L A¥E WHTRE o)
A QoA A&l YT - T G5A T S carpocapsae
o AU EA (F3, Nictacion 2.2 J5}o] ¥4
e AFY AAEel vty AZEd. 18y &
24 A2 WA 43 AL F2 dolu

=
2| Aol AdZell wisl gkt 3 Az Gouge and
Hague (1995b)= B. paupera -%0) Q3+ . feltiae A
Zo] A=z} ubgol sk Ayl S} A
23S Mestz ok a28lx E3be] 3 (Cecidomyii-
dae)?] =3} WHd|7le) H. heliothidis (=H. bacterio-
phora)g X3 A3} §-FHoE 7] XAHEo
=9k} (Richardson and Hughes, 1986)7 &}io). S.
carpocapsae-> )= A T 47 A Ze) 7] s}
AP 2GR ) BE oo AR G
| He} (Fig. 2). &, 3L A3 =23 34%
Waste) A2g ARSI ARa Aot 24
Aol 93te] wATie]e] YR He S dotE
A FHAEG e A3, DR H, P27 ¢
A {75 2ARE 2, AdFe] 7" WAl
W% 2 b wel ST AL A7) (90~100%
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o°
©

&

HF 97.5%)91e t}-&o] £3}7] (80~90%, H 85
%), =] 71 A (80~90%, HF 82.5%) o] ATHKim,
H.H., personal communication). 28] 1. 3444 A
32 Nedusste A3 sl A3t 59
o} (Fig. 3). AW AT 43 - & 7 sovjel
S. carpocapsae 50002} o] x=&A)ZE& w), 43 ¢
SAE 1158ekelsh, 2746l SJaiAe 320mbelst A
xiglen], ot - ¢ EFTINE 5725keh} Aoty
AAck. 2] o A A3 ARl wE e
P2l AR WEolet et 2, WAL WA
o 238 Ablskel ek & Foi7] GeAA 2]
] &-ol] (Brar and Sandhu, 1989; Lee et al., 1998) A &
oz @ M3e] Amzgloss AztEs 19w
NFe F2 A5k Azl st A}
HA dze it Selel EoA Aah H7]
= 3} (Kim, H.H., personal communication). S. car-
pocapsae®} H. bacteriophora®s ZY7+ 7% 0.5 x 1050}
2], 1.0x 10°mte]l 2 A3t Fx]rete] WAL
< v A, TG A5 =AY A
Hol o} oJFFS wlRA| o oz T ¥
Azl ALe] W R ste] 9ol HHEHA o8& 4= 3l
£ 7lo =z AzHElo) (Table 4). Grewal 5 (1992)-2- of4
o Zuf Atoll A 8. feltiaeE 5.3 X 10%w}&]/m?2, 10.7 x 106
ul2)/m*E A 2|3 A3} AR\ A FAE T} v
sted WAL zle]7) flgl ot FAE WASTFe]
Z7Ft s Basisiv. e AE AuEe 5
71l WA A} S. carpocapsaes &3 14U )
o] §Z27FA8o] 45x10%0te] A FIA 81.6%=
Al L vER AFE A FE3] HAAAL
of WAt AeguAselE A 4 s Ao
2 AT} (Fig. 4). H. bacteriophora®Ro}= S. car-
pocapsae®] EI7} Foka e Atel] MR HFEo
A ¥ 4AANA = &3 A7) A A5
Aoz #gs] FA 8t (Table 3). FTFHUA A%
2] ATl Fol gt whAl &3 L solanidl= N.
feltiae (=S. feltiae)7} (Tomalak and Lipa, 1991), L. auri-
pila®} M. halteratadl| &4 S. feltiae (Scheepmaker
etal.,1997,1998)7} 37} =2 7o 2 R 9]
. o]ejzte] FEHAA AFE wAlsiele] whA|dl
8-317] HaiME T2 WA AuiALe] wfA] A
LAFL AEY 4 slolof T AHAH S car
pocapsae’= 1@ AITE]] sl 2 HUAS
vebols Bab e, WAL A AR wi X el A
23 717y A& et A H oA AR 3}
Aoz el AE WAL $3ted WAl o] Fo]
G AFE FE3] ol 83t oF & Ao

rh
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Ab A}

£ A7e fdat 5 Ade] AW ol Feial
$ =% 22 F A APAY PR, 0|59,
A5, A4, H3 5o A B AFE B2
e 08 AAdTAY A7 Tz 4
45 i}
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