O
T
Ho
u|

HE RS 44(2): 145~150 (2005)
Korean J. Appl. Entomol.

=MIZH0|(Popillia quadriguttata) AE0]| Cigt 2SHANME0| HalN

olZ4 - ol 2+ - ZYe! oMW . 23T - MET
ArjEE AE3-433, QT QeEAs, STl Gl A, AN S8R AT Y,
e ), 37 A, A7) FE 435020
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ABSTRACT : Three Korean isolates of entomopathogenic nematodes, Steinernema carpocapsae KCTC
0981BP (ScK), S. glaseri Dongrae (SgD), and Heterorhabditis sp. KCTC 0991BP (HsK), were evaluated
for the control of a turfgrass pest, Popillia quadriguttata. Three days after treatment, all nematodes
showed high pathogenicity to adult P. quadriguttata with 97.5% mortality by ScK, 90.8% by HsK, and
80% by SgD at the concentration of 900 infective juveniles per adult. Nematode attachment and infection
rate to adult P. quadriguttata were various depending on nematode species and inoculation density. The
rate of nematode attachment was 90.8% in HsK, 90.6% in SgD, and 35% in ScK, resfectively at the
concentration of 900 infective juveniles per adult. The infection rate that represents the rate of detected
nematode from inside insect of body was 97.5% in ScK, 80% in both HsK and SgD at the 900
concentration of infected juveniles. The infection rate, however, was decreased to 27.5% in ScK, 72.5%
in SgD, but no nematodes was detected in HsK at the concentration of 90 infective juveniles.

KEY WORDS : Steinernematidae, Heterorhabditidae, golf courses, turfgrass insect pests, natural
enemy, dispersal
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900v}a] o] AF& A glgl 39 Fo] XAFE-S ScKE 97.5%, HsK+ 90.8%, SgD= 80% Stk A9
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gk ok 9007te] o] MEs A dtHs o HMFEPo] AFe AHA HEH HsKY vl &2
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= F-E D O)(Popillia quadriguttata)= - e}e} &
=, ¢k, Wl EY Tl £¥3ka 9o dA(Kim, 2001) 19
T 29%9 Z+E AARET 2459 A4S JHEIsy
(Guo, 1983; Choo et al., 1999; Lee et al., 2002, 2003).
53] B 2 Syl =3 sl e =2
Zeo)F =9 sh}E(Choo et al., 1999, 2000) =&
Z7ae 4& 7HElsk, 752 oy W & 7lslske]
A0)9] B5lAI% Qo) 27138 2 DA 5 oL
(Lee et al., 2003).

F-ejutetel| A 54 F-F L ol= Ku er al. (1999)°] A8

£ 3}7) AR = - eEs o|(Popillia uchidai), $)&
Zwo)(Popillia japonica) 2 HF= o] Y FOF &%
Aol A EAB AV El(Lee et al., unpublished data) 9} 7]52]
E(Lee et al.,, 2002), 3}st4 Ao #F A7t HE
3531 9tkLee et al., 2003).

sHH, L3H AR SEVEle] =39 AEA)
R | A 2+ 3% WAIE flste] A8do] =2 A
2 8853 9YtHChoo et al., 1997, 1998). Heterorhab-
ditid= Zwlo] gAE 9l F2 853 Uy,
Steinernematid= Wi -5 HAE A8t €851 Q)
tKChoo et al., 2001, 2002b; Lee er al., 2002a; Kang
et al., 2004).

fFFdo] A5 o] WEde ABEE B2
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o} o]5L v ¥ B YA AHES et Ay

#AE Y3 )t} (Lee, unpublished data).
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SAFETH ol 2 HAGHATE A2t &shd 7
@ R e) fAdFZAN A R FFYo] HEE EYP =
FHE o] 8ot AFste o] 83Tt HZEEPL 9
FFefo] AHEE lure, (R,Z)-5-(1-Decenyl) dihydro-2
(3H)-furanone (TRECE Inc. Salinas, CA)$} TRECE flo-
ral lure cup, PEG (16 Phenethyl propionate-Eugenol-
Geraniol)(TRECE Inc. Salinas, CA)E o]&3lg=),
catch-can trap (TRECE Inc. Salinas, CA)ol] &2Fs}o] o]
Bt HAFFAo] 4FL 124 AFdl EF o]
714 7] uwj Eoll(Lee et al., unpublished data) 2.7 104
o EFS AA g oS 2% 44 FASAT £20"
FTHolES ARAHR EHtEo], 215 F wVFA & - 5
A AR R (GRS 13%)E F0] 4 emr} AL
217 7 em, 0] 6 cm FAE &7 g AH O2
Bl Ytk Hol= AF(Punica granatum)®] 27}
AE Q7 A 4 em 272 FE} Yol FUTh $hE,
ANFE HATETYo] A TSHAMNFT E4 5
£ golr 7] flste] F29IR 1000tE] 9] A& dda)
o Gul7g stollA] e} RS AT

LESHAA AL felvgtllA 2§ Steinernema
carpocapsae KCTC 0981BP A% (ScK)¥} S. glaseri
Dongrae A& (SgD), Heterorhabditis sp. KCTC 0991BP
A% (SgD)(Choo et al., 1995; Stock et al., 1997)0] 1tk
0|5 Mo TR ANEUNNGalleria mellonella) 2] =2
755 ©]8-3t Dutky e al. (1964)¢] PRl o8 24
ZAow, ZAE 22 White trap-2 o]-835t] 423519
o 2e)3.9°C AT BESRA S8 35 o]yl
AL Ao o] &5+ HWoodring and Kaya, 1988).

4 mmA| 2 7 TS 120°C, 1.5 kgffem’ol| A 2t3sled A2
el TTE FEs 3% (wWwvE

A
=
74 105 cm, =°] 6 cm&] ZE}AE £7]9)
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Table 1. Analysis of variance for main effects and interaction of nematode concentration and species on pathogenicity and ratio of

entomopathogenic nematodes on surface of Popillia quadriguttata

Source of variance df Mean square F value Pr>F
Nematode pathogenicity
Nematode concentration(C) 1 1781.9 10.7 0.0043
Nematode species(S) 2 13.8 0.08 0.9208
CxS§ 2 4982 2.99 0.0759
Error 18 166.8 - -
Corrected total 23 - - -
% with entomopathbgenic nematode on surface of P. quadriguttata
Nematode concentration(C) 1 56549 46.8 0.0001
Nematode species(S) 2 1349.0 11.2 0.0007
CxS 2 1324.3 11.0 0.0008
Error 18 120.7 - -
Corrected total 23 - - -
% with entomopathogenic nematode inside of P. quadriguttata
Nematode concentration(C) 1 10020.5 67.9 0.0001
Nematode species(S) 2 1602.8 10.9 0.0008
CxS 2 2669.7 18.1 0.0001
Error 18 147.6 - -
Corrected total 23 - - -

(%1

cm 0|2 ATk 7o) 9T WAae] B Fold
B AN F ScK9} SgD, HsK & 247} g g e o]
F @ vl B 900vte] st 90vtE] TEE 7HEE
F718 0] 831 17.6 mi ¥ a7 AXS ) A5 AE

A ARste] w3l AEE SAFETE ] A4S
Ao 7k FE2E ol AR O, 4R HolE
HEATE 39 T Z Aoy 5H4FEY0] s
shpy Soffio] AdTel 3 AAH-FE F017E Sl A]
FARSISITE A gl 2o = TFHALAT AR
7 35S ARFE Aol W A A% £E dlokRen,
AW HE AARc sF-E B3k AR 492 2
AR alkEo R sPsiglon, RTe A
17.6 mé 2|5}k

do Mz ok rH

W

ol

s

sAFgZHo] AFd g =t FEE UL
W7 AR} 2Rl M Hl&-2 arcsin HZEA|A
Tukey test® *2]HT7t x}olE E4HEA sledl
(PROC ANOVA)(Cho, 1996), Z3}= W@ o] B+ %
FHAE B8Ntk B8 Agdae] foA Axe
P<0.05 Wil st

H

dm o oy

_
LEHAYAFE 5AFTFH ol Aol e &

LB A5 Foll WE Alol= Ho|A] AT
TEAME 2o & Bl 4% 3 vhe]E 90rtE) & 22§t
T Hoh= 900vhe] o] A A3 FollA 2 XA
& B QtHTable 1). ScK= 900w}e] A&/A3 2] o)A
97.5%9] =& x)A}8S HYo1} HsK9} SgDe Y
oA 2z 90.8% S} 80.0% 2] XAE-S VERNQIT
(Fig. 1). :
7t Aol HAgE Yol AFS e B E
NE AFE BA-8-8 213 A= Fig. 29} 2ok ¥4
o AZo) RS YUY vIE-L AFe) Folu} Fxol
me} zpo] 7} AATHTable 1). HeK= 900v}2] H3/44%
Aol A AR A% 25 B AFo] lglem,
SgDE 72.5% 2] AFA HAFo] Edl] T ATt wt
W ScKE 35% 9+ AZo] TR A AR QT(Fig. 2).
Al FgEo] AFo] XA AEY A sEde
£ xpo]Z Kol grgton} HHe] U HE0] gl
RE HlE&-2 HsKol|A 128]9] Ao)7} WiThFig. 2).
TSHERATY 5AFF P A% WP AF A
2 HsK 9} ScK &} 90vte] H%/43% 875 Al2)s)
2| AHE-3) 2po| & 1ol A] ghtTh HsK 2 90v}2] A%/
g ol A A%l A5 WA= A 9kthFig. 3).
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Fig. 1. Mortality of Popillia quadriguttata adult at different
nematode inoculation density and strain of entomopathogenic
nematodes in sand for 3 days. The same lowercase letter over
the bars indicate no significant difference among the means
(P>0.05). HsK; Heterorhabditis sp. KCTC 0991BP strain, ScK;
Steinernema carpocapsae KCTC 0981BP strain, SgD; S. glaseri

Dongrae strain.
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Fig. 2. Variation of the ratio of entomopathogenic nematode atta-
chment on surface of Popillia quadriguttata adult. The same
lowercase letter over the bars indicate no significant difference
among the means (P>0.05). HsK;‘- Heterorhabditis sp. KCTC
0991BP strain, ScK; Steinernema carpocapsae KCTC 0981BP
strain, SgD; S. glaseri Dongrae strain.

2 AE9 1]"“:’ U A& el sk
HTEY R3S WA At F=2 o]83la Uk
E Ao o] &3 ZFH AT EE TEFTIoNEN-
omala orientalis)(Lee et al., 2002a)} F5-F-H 22 =]
ol(Adoretus tenuimaculatus)(Lee et al., 2002¢c) L =43
Zvlo| =(Lee et al., unpublished data)®} Z)ehpat
(Spodoptera depravata)(Kang et al., 2004)3} 228 5}
2] (Bradysia agrestis)(Kim et al., 2004), 213 Al 1}a]
(Lycoriella mali)(Kim et al., 2001), E--olH 1 (Dic-
ol 71 QLo (Cydia  kur-
0koi)(Choo et al., 2001) 53} 22 &5 9] F3) &8
o] gtk 81} Timper et al. (1988)2 5 A A
2., 8. carpocapsae?} K Spodoptera exigua)2] A

hocrocis puntiferalis),
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Fig. 3. Variation of the ratio of entomopathogenic nematode from
infected Popillia quadriguttata adult. The same lowercase letter
over the bars indicate no significant difference among the means
(P>0.05). HsK; Heterorhabditis sp. KCTC 0991BP strain, ScK;
Steinernema carpocapsae KCTC 0981BP strain, SgD; S. glaseri
Dongrae strain.

Zoll & A 7Fs 35 AWAES Bt AreR
Lacey et al. (1995)-& WX ZE S. glaseriE o] &
sl S} F-Erdo) S WA 7he A o) 2FHY
AXZ] B )5E 7 F e-S dSshe] 23R 94
Aol el el A5 AEA HAIRIAE &-87}
T30 S AR E, B AR AdxE 17
S Byt gubA o g FHo] e WHE fEEl
H &l 25 LA Z g o] 2] wiFol XjAke =)
71 A|7ro] A EtHLee et al., 2002a). ©|& 15t =L
E3 0|8 HAE Yate] Wul]7] Al7]e) LS UAEA
5 At s v A5 FEE AdeldA AFeR
235l5= Aes #FEEZ d9=d)(Lee, D.W., obser-
vation data), Hel|7] A] 710 A3 AEE -85 A 50
Aol B8 A vlggsiA HH A5E o
A s Ao 2 AZE ) AA Timper e
& IEHAZAF FEE guh b o] Higsd
S 7T B B AT A 540l 2
AZe] BiFsEE 7L QS AR Holt o9
A7 B8 Aew AziHEch
TEHAGAFY M = Fol| v} SAFFR
o] Aol Uit XA H S8 FFH o] AEY AT B
£ B4t} Lacey et al. (1993, 1995)= 54
A% T wet AT o] 4] M 2
o] & Heltha st o, HdZe] Fol watx B
A x}o|F K 8. feltiaev} S. carpocapsae, H. bacteri-
ophora®ll ®¥Ist S. glaseriz} WMdo]l & Holth
(Lacey et al., 1993). B A& ojjx]+= SgDo)] H]8}le] ScK
HsK A|5-2] o] =7 Lheht Lacey et al. (1993)9]

et al. (1988)
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Axels zZol7F UL o= Ao o
AT Aolell o3 Ao=w AZEch

LS AT AMere SAFETYoS A
Z BAE0 & & A A3 $ vl & A% 90wt
#glol] Blsled 900utE] Aejellx Bf-&o] FA3] =3
t}. Lacey et al. (1995)% S. glaseris HZ5Lo| A5
gk wlE] B 400w} 9} 1000w 2] R A g 244]2F
F 217} 19% 9 59% 9} S| gFeo] Aol HEL HAT
Frhal stk SLFHULAF] A FEFS A5
F7l wet xfol7} Jovt m*F 108k vlE] o]idoltk
(Thomson, 1992). Z3Z7d0)| X HAFF o] JZ-2 Huj
2% A7) 03vtel/m’ 50 2 BEHHLee ef al,
unpublished data). Tebx] A FEFO 2 FI Aol
ZTHARNEE AFsloE HAFFYo] Az 1npe] 7
3utk olg] =520] MGo] A E Aol 7| ujitel] HAF
FHlo] AEe] Aol AUt A& AeZ 7| EL} 2}
Aolvh EQGFE-S ef3te] F7HA1 ofe] o] 43
Eojof & Fo|t}h

FAZF o] Aol tigt YU AF] BH

&2 g0 vlgt] AlolE HATh &, WddS

HAAXNFS 900w D2 AE] Al A AE3T 2}
o7} Sl ey HAFFT o] T HF FAEL2
ZHrol3hA Bdth ol 2948 A5 BE 540
71018 Ao w Aty RSHAAAFTS TF g4
Al 55 o2 ghishe Y(cruise type) 7 7157} 8t
71& 71Yel:= &(ambush type)o] U=, Heterorha-
bditis$} S. glaseri= AR} S| B= 1L, S. carpocapsaes
Zx}o)| sj¥tiKaya and Gaugler, 1993; Lewis et al.,
1993). webx 7|55 o} &3] o)F3ke HsK 9} SgD
7F el e ScKell Blgte] pHe o] & 4
ggo] =& ZoE AzZdr) whd LEHAAMSS
90vle] W2 ] A} SgDE A)¢)3}1, HsK <} ScK 9]
SAFE o] Ao 3k 1 FEE0] 10% Y E &
3] oyt E3] HsKo| 7.9, Wi A% HA&x
90vte] I ATl A 0% 5 Ko s FgEeo) A5
Aoz WAlEPAA AE&ES FAA77] FlXE
o0ute] ool AMdert He ¥ oz dpudHth

S FFYo] AF WF HF BER-&x B 1l
3t xfo)E BHAEH, 53] 90mte] oA xjolE K
Atk TFHARAZF g 7|FA A 2FEAEA
Zo] Wil Bf3ta e FAATo] 715 o £
o EZES FEAA dojuhetl, A5 o)E TAA
TS o2 sled wh&, Z A1 S Forst and Clarke, 2002).
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