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ABSTRACT

An endemic entomopathogenic nematode, Heterorhabditis megidis, was evaluated by its control efficacies against
housefly, Musca domestica, and flower beetle, Gametis jucunda. In Petri-dish assay, the pathogenicity of H. megidis
showed 456.4 infective juveniles/larva (IJs/larva) in median lethality (LCso) against the second instar larvae of M.
domestica and 238.9 IJs/larva against the second instar larvae of G. jucunda. This was contrasted with those of the
other well-known entomopathogenic nematode, Steinernema carpocapsae, which showed 115.9 IJs/larva against M.
domestica and 388.6 IJs/larva against G. jucunda. In field experiment, H. megidis were applied per square meter of
pork farm with 1,000,000 IJs of H. megidis or apple orchard with 370,000 IJs, which were infested with M.
domestica or G. jucunda, respectively. H. megidis showed 56.9% and 57.3% of control efficacies against M. domes-
tica and G. jucunda, respectively. These results suggest a promising control technique in the field using H. megidis

against M. domestica and G. jucunda.

Key words : Entomopathogenic nematode, Heterorhabditis megidis, Steinernema carpocapsae, Musca domestica,

Gamestis jucunda, infective juveniles
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TEFHIAFLE 715 22 A7 "ol AEA W
A AR ERA B A7 APEHa glon, drHom
Heterorhabditidac®} Steinernematidae ¥ 338 =33k}
(Poinar 1979, Smart 1995). &3], o] 52 A, I E o
A, F3t AlE, 3 a3 A IEE T2 248
%2 wHAlel AMg-He] gt} (Ehler 1990). 2 39 A4F
Fol] 43 W uA BFTL O 2 Heterorhabditisg 3} Steiner-
nema4:-0] 3] 2™ (Laumond 5 1979, Poinar 1990, Gerritsen
= 1998), 38 5-%2] 7}<de) (infective juveniles: IJs) AlSro]]
= 27y Photorhabdus 18] 31 Xenorhabdus4:9) ZAM &
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7122 ¢}k (Boemare 5 1993).

AZAS) AQ AR, & FENE DE F4S
el Ak e AEFe WA owRE FAAFE
"] 8k} (Akhurst 1982, Boemare 5 1993). Bu] ¥ Al F2&
Al FA 715l AEe ¥133P] 98 259 "HYe
A A Z1e} (Dunphy £} Webster 1991). AlF-¢] #4lel =4}
Hrel7]|zto 2 A 5o Rfsle MEA WA7AE g
A A o] o2 qt wWHdnkg- FoHel Z23F phospholipase
Ay (PLAy)) E4E AAIXZ 22 7Ps38l3lvt (Park3} Kim
2000, 2003). o] & M| AAskar, A% T8-S £34)7)
A Aot 7)1 F29] JHY A3 o wWdAEY J4E
&-4-517) wFoll FAMFE ohokst S EAE Fu)sle]
ARNETE] nEAE A A7 (Webster 5 1998). of&]
g FAAEY " AR YRS FEATA VRS
ARAANA et (Forst §- 1997). AARR 71 FA M A2

T - R A )
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A3t oA AgH AES AT 715E EX v
o2 dA 7152 3 "o (Kayag) Gaugler 1993).

FHelME Fdsl el Ak FFHPASS AEA W
A QAL 84300 HZ A S| vn|E), wAHH 5 (Han
5 1996, Lee & 1997) 45, A SEF, HaE%E—
(Kim 5 AR ZA NN L A o] &
dF o, 3’—‘;]' ‘e’i}% 731%“3"49]' A HH 27R
(Choo 5 1998, 2002) S-¢] A+ 9t}

At AR5 739 EelRel ATl 25t
B FHE 2 gl Aol AR s ARelA
Fulojoll 97t AT M| of3) W wALE A o] FoAH
I lert, EepEAlR AEEE i 93 AE A
Tl FF5Fo] gIA] 4 1HA FoFolvh (Choie}l Lee
1996). 18] A= FAbs7lA G fFo=
A B EAe) Al wE iz el=A AFA L) A
o] 2ddlst dulze)| A T, A {704 A
ZA)9)e] mAAEA o] B uE Y} (Keiding 1999, Yoo &
2001).

Tl BolHoz Wl AEHS W3 dr|d
2 F32 )M % (Heterorhabditis megidis)o] WA |z
= AYH 7, EA5sle (Kang 2003). w7152 £3894
2 AAAQ A E U3 T3 AAMHE] Photo-
rhabdus temperata temperataS ] ZTAAFLE B30
alt}h (Kang, 2003). Qub¥ o2 w7|v)A ZEHAdZe] &
& Heterorhabditis T3 QA% vu 5 o]9]e] |
Eolut T B FFo) A L3]8 B2 ASHE Mgl

gw B35 9)o} (Converse$} Grewal 1998, Renn 1998).
53] T HAAFS )43 dSHUAIE olF A9 &4

o G Aoz TEES) uloleAE e LT o
U (Kim 5 2003), o2 she A FelFit &
57k T HES AAAT G4 = FT FelA
WA ool T AHA FAZ sk

= 97E AT 34 SN B Fo %

SEBE 9+ AgRAd] W ABH WA 2A ﬂﬂ7lul
2 2EHRAZ $-84 Besh) fsted Sa=A

FEAFAM AAE w7 FFHLYAF (H. megidis)
(Kang 2003)3 Yol d7-2 iFAP LN b2 Stein-
ernema carpocapsae©] £ Aol A=) FHR A
Y}k (Galleria mellonella) 53 %& ZA17]F2. dte] AW
A ) A AFom, StolE B (Kaya®) Stock 1997)&
AR 29 F3E Jusds. 248 DI 32
Park 5-(1998)¢] uhijel] w}e} 10°C g-&-7]ell B3z}t

Korean Journal of Soil Zoology

December 2003

2 ZEAS

2 A AR BREATILE YAATL 513
FAlG|A 3ok wiskomn) wjoky] 2R L% 30°C, Bz7)
16:8h(L:D)olglem, Q1-FALR. (Poinar 1975)2 o AR
shiet A StaTa RN B B Yo
(Musca domestica)®) wjoF7] 24L& &% 25°C, }F7] 16:
8h(L:D)dIM AMSslglon, AZAlg s det AX B4
dEE 6:6:1 8] 82 3o, f3AlE 2 o elE|A}

£ ARt

il

3. Zlm2lof st W Al

1) HE2|C+ &8

5 =2)514] (90 x 30 mm)el Hejso]3) 90 mmE 72w, 7
% (25, S0, 100, 200, 400, 800, 1600 Lis/a}2] )AF=2)2)
H. megidis === S. carpocapsae 7398 AAFo] T3 A5
geo (1 mD& ¥ F 2% #5 39 A3t ©f
% 25°C ge7lell A $3E AR q7kx Baside
=, 7 Hele ses XSG

2) 710|2% HF

15%21 X 10cm €7 #o] 300¢g3} & 130 ml& ¥x
A2 detol (H. megidis 22,800 1Us/20 m1&} S. carpocapsae
5,800 Js/20 ml)& 23 F 28 $2& 2 Hy 32 500}
24 xa)sledc) o)F 25°C 270 nBslgon, Y2
3t AFeE 2ARIYE 24 AEle bz AAE
st

3) Zat A3
7—} Aelte EARIA wlEHe B2 oF 10kgd W
e AR W 3d Aoz 23 HAA H
megldzs 507 Us/1E A @ 3laL, d2Fols 2542 mels
Ak FAE ADF 794 A& FARG e, 388
Z1Eoz AIZEE AR Eh -

B (BHE), 32 (F#E)dA H megidis®] AEF QL
FHE=gt]4 (90X 30 mm)ol] I, 2 A4E 10g X=d
3. H. megidis (3,000 Us/S mD)E 23t} Hel = 34}
%oz ARsdT 20°C FEolo] BB & AEA7)E
Foto] A2 4358 AN

4. FMERX| (G. jucubda)of] CHEH HEHH oH

1) HEa|c|+ 48

¥ E2]e]# (90X 30 mm)ol] BE|=| ¢]H 90 mmE 7231, H
megidis (1,000 Us A} =3)¢} S. carpocapsae (1,000 1s/a}
g YArEE) 1 miS 328 3 EAZRA 2822 Sule)
A ¥3 25°C g&7)e] xsdc 24 A uhEe=
AR st
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2) 23 4%
FARTA el AR AN BHA 2UES
h=3

AR o2 o suje) rlEes AR of Ao
g FAoz 3.14m® FIE 4 NIFTFE AAS H
megidis®} S. carpocapsaes Z7}; 370,866 1Is 52 & 201
o} A At TE:EAAFE] AR A 7Y F
o % LS AHESIT

5. 8AHIXz|

A AR AgeM d& AsE WEXANEE (50%
lethal concentration: LCsp)¥ Raymond (1983)¢] =Z=24] &
AHE ol8ste AFY duAE 27AH HEg A8
|37 ¥)EE arcsine transformation ¥ 452X} Y
(Least squared difference: LSD)2.2 SAS (SAS Institute,
1988)2] PROC ANOVA S o] 43Fo] -4 stqdc}.

2 3

1. Zlm2| (M. domestica) BtH| T2t

A 3l A AW A w23} HAFHAS HE

Table 1. Pathogenicities of two entomopathogenic nematode
species against the second instar larvae of Musca dome-
stica evaluated by the Petri dish assay

Nematodes LCso! 95% CI* Slope®
Heterorhabditis megidis 456.4a 218.0-1,754.2 0.78+0.22
Steinernema carpocapsae 1159b 66.0-184.2 1.36%0.25

!LCs, represents a median lethal concentration of infective juveniles (IJs).
It was estimated by the 72 h mortality data after 1J application on the filter
paper in 9 cm petri-dish, in each of which 3 host larvae were kept.
Different letters followed by the LCs, value indicate significant differences
in their pathogenicities, determined by non-overlapping of 95% CI.

205% confidence interval of the LCs, value.

3Slope of regression line used to estimate LCsj.

Table 2. Control efficacies of two entomopathogenic nematode
species against the housefly, Musca domestica

Control efficacies (%)

Nematodes N -
Cage assay? Field assay®
Heterorhabditis megidis 3 63.1£221 569%103
Steinernema carpocapsae 3 67.4+17.0 -

'Control efficacies were calculated based on the adult eclosion rates of
houseflies treated with the nematodes compared to that of the untreated.
’In cage experiment, the infective juveniles were treated to M. domestica
population inhabiting on the artificial diet: 20,000 IJs/plot for H. megidis
and 7,500 IJs/plot for S. carpocapsae.

3In field experiment, the infective juveniles (1,000,000 [Js/m?) were
treated to M. domestica population inhabiting on the pork manure.

o &= YA 2t

—@®& — Pork manure
—C— Cow manure

Survival (%)

Time (days) after treatment

Fig. 1. Survival of infective juveniles (IJs) of Hererorhabditis
megidis in pork and cow manures. They were kept at 25°C
and each measurement was replicated three times. Baermann
funnel method was used to collect live 1Js at each treatment
time.

DEA B4 AT BRAESE ACo7H s £
A 2] A$ 456,49t 2 EPGT) (Table 1). o] vz
S. carpocapsae®] 73-3- 1159vlg| Bl 2 Wy S B
ok 728 43 3 el e 4 e A 5=
S. carpocapsae® 73-%- 3,542+1,479m}g] o] 3, o 7|H) A &
FHYAFE 8581107k 7|53t} o] 58 25°Cel
A ARERE A, A A F RYARE APd 150 F
L 71FA2RE oA o] F o 15U GEAVE B
=

ZAA o) A4317] A 2he] AlFozA AW Al
AREAFA e A A st 2AA L ZAE dEsko A
g FE dEUA] BN MpAARsES 7| &3t A
2] ol (15%21x 10 cm)el| H. megidis (22,800 Us)2} S.
carpocapsae (5800 Us)E 7zt x2]sledv}. 2] 724)7ke]
AHE F, F AF 2F FARH 22 9 298 YER
o} (Table 2).

ol#1gt A#g wnigtoz AU A = GE ou]
Aoz AxH oz EFAbs7tA MEEE Folre
AZAEEE FUsige. 1 A7 T3HUAFE B
e A" 399 A of 62%2] ALEES g, ¢
FME 40%2] AIE At (Fig. 1). o] 715l
A stEuo}l 7hAe) B HANAEER st &
FHUAAAZo] M) 3Uo] At wEty @ FAo] ¥
o]d Aoz FAHU.

ZAAYAME AF AEHE FHI 7|7 A8 1599
e 503 vle]d 23] A siHct oW Wy A 3
AM 22 56%2] W}A 7S B (Table 2).
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) Steinernema carpocapsae

100 3 Heterorhabditis megidis *

80 —

60 —

Mortality

40

20 -

24 48 72 96

Time (h) after treatment

Fig. 2. Pathogenicities of two entomopathogenic nematodes
(1,000 infective juveniles/petri dish) against the second
instar larvae of Gametis jucunda evaluated by the petri dish
assay. Each treated petri dish had 5 insect larvae and was
kept at 25°C. The mortality at each treatment time was
estimated from 25 insect larvae. The asterisk indicates
significant difference in mean mortalities between two ne-
matode treatments (x2 test, o= 0.05).

Table 3. Field control efficacies of two entomopathogenic ne-
matode species against the flower beetle, Gametis

Jucunda
Nematodes N Control efficacies (%)
Heterorhabditis megidis 3 57.3+20.1
Steinernema carpocapsae 3 57.2+28.4

!Control efficacies were estimated by the live grubs in the treated plots
compared to that of the untreated.

’In field experiment, the infective juveniles (370,000 1Js/m?) were treated
to M. domestica population inhabiting on the pork manure.

2. ZMBEX| (Gamestis jucunda) YX{ g1}

5 249 294 FAedelA ENETAY iAo
A o]lg AMAst B AP HEHA WA F
23430 AelA Az Bz AW BU
Aol ANAYS A2 TIHUMT) BE AFHL
UAZ 1% ehi AT o5 A4 F7RH
w7l s 2P Fo] S. carpocapsae <EHHUAAEH
FARE AEE S Bolu, 906417 = va 2 AFEE
Bl HAley §35o] dsire drjts SFHAAZFE
SAEE HAH S A 5 A (Fig. 2).

H7H A EEHAAFE EANETAL DA 24
Agstgel o 1,000,000 vhe]e] el AEE 19wv]E
A8 Hes A3 oF 57%¢ wAIZbE dvelglT
(Table 3).

i

Korean Journal of Soil Zoology

December 2003

I &

A BT e H7Ids ETEHAA
megidis)o] A%elE dAlozm I FFol EANLFAE
Aoz g FulolF Wl ]84 rleAE
B3 M.

7| s FEH AT AT (M. domestica)?] 2%%
ol viwA 2 WY W FAHE Bl Ty o dl
H7|E s EEAA30] WY $4Ee] vim AJgER
S. carpocapsaedl| ¥]E] tha W AES ¥y o) W7
Hx EHAAFe] 2y ¥l BA0E vu Ry HHy
e o= gdet ARREE dou), 9|8 TEFoll: ¥
oA =R k2 WU 7)ed® A (Saunders®} Webster
2000)2.2 Atsh 5W3]|, BEo SR =AM
Fe F-32 AEY A B2y, AF 3d7 o] Fe
g AEY ZHEE B ol A Al o] 2
A &HE Zidste 9 AgHoz A" (Georgis
1987). =3t 23U F2] AAH off] = Frlehs
oM Ee3 Hoz IR o238 FAHL HAs]
71§13 weke) shtEA B A7 = FLFHAA T, A
g o ZvieA £33 5 ddx wEd) oj2E wh
Al 342} Bl & STl A3 5 A4 B QbAEE of
WA &3 Zidehe | o8 dFeky Alsdd o
uleto 2 A ERod 2] ALl AP E B
7] 9% AEAe3E Al=d 4 ol AR o7 vle]
Aeso]l TFHAMZ LT ot o2& A3}
TE A R EANA Ao} Az ¥ e}
S RE o] AAgd AFS AR 4 e
318 AAS EF3T (Grewal 1998). 2 A7-9] #A|H
w4 E-0] 3R A" 4 e AA =AM HAlFAaHr) ol
= oA]1784 (Navon 5 1998, Kim & 2003)0] ¥} A3
sfohn Alejeeh

drEs ERHUMSE BAETA 3
@ Aoe Jehds 22 Adsxe 23
carpocapsaedl] V3t A2l A|7ko] APL4s A
SAE B ole o8 FHlel Rl AT A &
AFEF 7A'kS R o] (Converse$} Grewal 1998, Saunders$}
Webster 2000), #|7]v]2 234 QA S0 SAdaF A4
o At AEA A=A FAAG 22 4] v
I 60% v|uke] Az vehtA] A Adte} AelE
2ot ol AAZ, ZAZRTNA o} AT WAl fr&E
FEE AAHA] £ olFE & 4 A ER 2, W7
2 FFHAAZe ZAF7} o8] 2AAME AT wE
e A8k Fle] f3l ASA AUH b2 uAE
stz FAgd. ghdate] 7 $-ellA] (Han 5 1996), 34
e g T30 54 dREHE daste g $
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HoICIA SFFUMT Y= Y0 2t

Agolr} wgrjal AN E 2 N7 B27 &
Aoz FoAAY gleidel utel Aol AH3HE A
B 5 vk AAZ, o5 MUY FAMT &&3}
] (Kang 2003), '2-4-A 717} 2ebdlel wieh o= Ayl
23 =29 wojAAdE AFAEE Y & U
(Bae$} Kim 2003). A2, AW g 7F9e) §27 oF]
AgE el 527 A 5P AolE B & 4
Utk o]E o] TE:WAMZAA A7|HT dE AEH A
o] 3] (“phased infectivity”, Ryder2} Griffin 2003)2.24] o]
A A 4] Bl upel A AEH 7352 HEH
Aol2 B 4 glvks AYA sHdelt &, & A7l A
# vrjga AL FERAE e 7FR 3
AREE Aoz ARSAIZE AE] pEe] BFddt AAWe
Al B7dd 2198 Welgel we} A A7PE w4
Ao zlo]g & 4 Yt} ol FAHE AV M=
o] M) F4] FANA vlwA Wxr) @ FHAA F
Algl g Ado] 9o} (Griffin 1996, Campbell 5 1999).

ojAbe] Adt= I AAIE dZIdL FFHAAS
(H. megidis)o] 1813l Aoe]e} ofalFed 74 &
Zo) &IAQ) A wpAdAEAM O sPsAd o] ElF
ot goz W7|gs A Z] ofe] HWHAHE A4
717] 943 A% AA Q] 7EE Az 71eH ok 2704
Zdd 52 AEHE ol V¢ H HAk AF A848e
o] Aa 3 A3} Fuelef g

oo

2ol e

¥ @

FY A AR w7|E) A T 1A S (Heterorhabditis
megidis)& o]8-sted A a2l (Musca domestica)9} EH L2
A (Gametis jucunda)ol] NsiA WA &35 A A
EelelA AMAGAN H megidise A9elsh EAERA
283 2o o8] Z+z} 456.4 @ 238.9 infective juveniles (IJs)/
wels] WA 5EE g o) oje] WAl w2
ozl ZE2W A 2] Steinernema carpocapsaes FUJE
F Foll A S W 42 WMeAA FEGEHEE 1159
Us/mla], 247X = 388.6 Us/mle]) e} ) 2H et A
HFollMEe Agert st EAbsrted Fw E T
1,000,000 Us2 Hz]|& 7% 56.9%2] ¥4 &£3= Hgv)
o] FAERR 7L LA AlFdel B wET
370,000 Us2 2| AL 57.3%9] vkA) £33 By} o
g A FleA HAEE HHA FFHAAZe]
Asfelsh BAZTAS AN xHH JEA Aot 2
4 Sl A AAD

INERT

22 QX 2= (Steinernema carpocapsae) A S TF

sledz 5 deldF 4 AFATA A3 uiale) oA 3
g 740 wtxF whaloA A=t =3 FAAAF Fo|
Vstes AYPsAFE 28 A9 A AR 72
dH e} AL hEe) FARsT) 7oAt A7 A 27}
A= B AT 2R3 AlsE 20039 % ¥
AR EQ Al o)A Y=t

dEEH
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