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ABSTRACT : Korean entomopathogenic nematodes were introduced into cultural management of
turfgrasses to enhance white grub control in golf courses for saving labour and expenses and contrib-
ution to giving safe playing and working places for golfers and superintendents by environmentally
friendly control strategy. The turfgrass height influenced efficacy of entomopathogenic nematodes. Effi-
cacy was higher at short turfgrass both in pot using Galleria mellonella larvae and in golf courses using
2nd instar of Exomala orientalis and Ectinohoplia rufipes as baits. Aeration increased the efficacy of
entomopathogenic nematodes which were lower virulent. Pre-aeration was more effective than post-
aeration. Exomala orientalis larval population was reduced 80.4 and 66.0% in the pre-aeration and post-
aeration with entomopathogenic nematode, Steinernema carpocapsae Pocheon strain compared to 35.4%
in the no aeration treatment.

KEY WORDS : Biological control, Exomala orientalis, Ectinohoplia rufipes, Steinernema,
Heterorhabditis

S 8 d7e ST IY s3] F8H #2E Aot I B A T 3L
< < TN, AU FHE FRAHOEMN =5HH FH]

ATl e] o 2EEAANE] W] JFL REY BERA
B #5E o1 8F pot AAY SUZEY0lS FFUThIEPo)E ol 8§ ok AT BTN 2

= Az WA EH7h B9Th BU1Ae 2FHA4 A% Fo we} FHlo]
£ o]o] tha HUAe] e BFHAY L Er)T W
Bg0] B HFE 2 AolB Holx) WA Er1HY 5
W4 AEe W FFe nRsd 22U 4% Az Aol Ao

oF

*Corresponding author. E-mail: hychoo@nongae.gsnu.ac.kr



68 Korean J. Appl. Entomol.

45(1), April 2006

712 & al zio] FHlo)o] vt & WZ =}k Steinernema carpocapsae EZ AT T A T4
2 2EE A% A A B9 AF Mg F 571 A2)dA 24 80.4% <) 66%E

=
>4
o] - AEA WA, SE5FHo], FHUTIZ ], Steinernema, Heterorhabditis

FEjuete] FxAgL A 47T A5 FUE Qe o
7} 59 Fujo} 717l th$k B o] SrtsHEA 2 7t
T3] F7Fskal e FAIRA, 19831 dxof 24710
ZxAo] 2003 do) = 1297) 2 20\ F<F 5.4u) 7} =718}
Har, WA = 1983 %= 1,152,405 0]E R0]
2003 30l = 11,733,670 O 2 10H] o] 4 271514 TH (www.
kgba.co.kr). ©] 2 &ty FZFo| & Fr]e] T o
AN EY] 897 @2 ZIUEYA L ok

A 2RAE A3k T893 82 T Sl F
o) e £ 7o) FHISE F7PE B B
o} $-gluete] F=F & kst slEEe] sk §
<H 6% 107} 2852 jFo] &A= A3(Choo et al.,
2000), o]5 F FHolFY 15 FHold] 3t a7}
743 28 Dojukar Qe Choo et al., 1998; 1999; 2000;
2002, Lee et al., 2002a, b). ]S Ft)e] BalE 7}5)35)
o )] =S At 7] AY ZARIZITHChoo er al.,
1998; Potter, 1998; Lee et al., 2002a; Choo et al., 2002).
TS AR 2 ZH FUA| 9 2 oA ETEEC)
E% ol Y= o2 Folul7] 918) ATIE Fs) A=
ZHR A Hellx 8272 = (Potter, 1998; Choo
et al., 2002), green®} o] F kA1 Fa] 7t B Q7 3ol A
T ol50] FYUE I AFA HErE T F fle HEHRE
THE7)E div) o) 33 thekdl sl o 23 7)o H3)
7} AT B, FE A ol dFS A3
WA= Ank F A o vis] o A $HH ot &, -2t}
MM Lt FAA N Hlgle FZ AN AL 5 Ue

\

"
et

oji} YHRIEL Fofo gl
o

i
FA AL E A A R EYL

FEHE 59%9] 7} 3 1(Anonymous, 2004), Z3Z7F9] 73
£ FHEIARAH Y ASAIALL] HA] - o] §of B3
HE 2 sorgeyol 93ty Tk ARgof AlgHA]] &
E-o] Btiwww.gcsak.cokr). o]olj5 FZA-S o)L}
9]

rr
=
s
m
o
%
rlo
m>'

B Akl gigh A A 13 dig Bz ol =7
&+ Ao THPotter, 1994). wEbr Z2Z A 1) sjF2] &
Aol o gk AR o] 703 A A o 7]
e 8 7ot A7 TR E I e 53] S 2NN E
TEE WAl 7igel Al=EHI ok
ZHUAIPM) 2] -2 1950d) Al3HdS T4
2 B AR F 2T Z 3F A
T e tiA Wy o R ZHflof ATEI = 3l
FAPY oItk ZojslFo] FhEAlE 4 A
AEA BAHE 2 35S Al s W 2E Mc-
Carty and Elliott, 1994) Z¥lo| F-2] WA Z ¢{5lo] &
HeE AR MARIARE ZSH AN ED 24 A
2 9 71 HAF So] YtiPotter, 1998; Choo et
al.,, 2000). o|& AEA HAUALE F ZZHUAN HF
2 71FH7E A, LRk Ay 2 ATt s
sl7] Wil 24 S A& R AJEE M Aot}
(Grewal and Georgis, 1998). ©]9]ol| &= TSR UA] HFL
A5 FafidtaL, A2H7F EFo]7] wjEel #-840]
1, EYM AEAE 287y Aake Fhssto
olg-# ggALte) 7hseh AR E AFo] ApEHo s
7175 FAEE 5ol Yo BR A=A WA ALl vl e}
o] EofA 4] sfjF2] WhAell fdstrKaya and Gaugler,

¢

15

1993).

TR e A SFAIE Al 2 Ld A
2 T ol 88k A el Fo] TR U
Madezre] 2FBA A5 o) A A=
Aol Bt 222 Ant FRA ke T @
A& 7R QAL i ehe Ga 2EF7EE T A
Zom #E|H I Jle Holvh B3 TEAY At A
& Toll dlF ek A=, 784 AT 2 Ak 2
Ao o geyo] o] 85a YIthKim, 1991).

wEbA 2 A7e S AY 3] F3 d9E



Lee et al: Turfgrass height and aeration effect on pathogenicity of entomopathogenic nematodes 69

Aalol ArlS delske ol 2ERAE 152
3171 ieted heal ATl 1 453 B0
Qe Falole] WA Eo] v
3, 71 AT A4 2T v B85}
Ak

elste] A3t Steznernema glaserz
73 A%, S. carpocapsae E3, 8. longicaudum FF, S.
longicaudum =%} 7| %53} Heterorhabditis sp. KCTC 0991BP
A% 5& olgah A7 2EUAN HEEe
Dutky et al. (1964)2] WP o 2 FHE A H 9N Galleria
mellonella) ‘=415l A %2 A) 7 White trap-&- ©] -85}
88, 100 WAo] RASHA 53 5 35 o))
RS A7) AR5 THWoodring and Kaya, 1988).

ARG LpgE Fo): A3l o] 8
c} 52 Lee(2003)] WS o] 83l AFARE
o3t} APAoM FuiARS shd Z1E o) 83lA e
FaYge)E ) o)(Ectinohoplia rufipes)$} 5 L=F o)
(Exomala orientalis)= = Z 7ol A A7 8} 0)-8-3}3 0k
T el M Y FolEL A7 10.6 cn, E0
6 cn® ETh1E Fof 22 ESH T4 309 U
o] 4% Y7 Basiel 178 AAETHS 0851
Aol AMS-SFATE

83 U2

1) ANA 3 HFE) oA Al st ST (Zoysia jap-
onica))E A7 11 cm E AEE 0435} 11 cn Ao)=E
wjo] Eo] 11 cm, 27 11 cn 27]9) E8}2H mjo]Zoj
A 2k ols é_‘?.ﬂ*a‘i%ﬂ*ﬂﬂ 2} mo) Lo o]
gk el Z3h ezt =7 B Atk dus
ol EgaE shEA 92a7r 25 T Heje] Aol ®
3lodtk dFY & 2} vlo]Z 4 RPEIE 7} g o] &3}
o] AFEHOTHE S, 14,27, 45 m o] Fsit} o)
o] Ashe] FHRABLPY /58 FY3) st

of golx %] ZThE Sl 4 sk 10 cn Lol
P8 o] g3t 5 mm =279 FHE Ao E 107)E @
O, FUR AT =R TS T G ol 5
St ez THE ik BURARIY £3E
213 ATy s0}e To|x Sro ThA] WL, EEHUA
X Z= Heterorhabditis sp. KCTC 0991BP A &-£- 950 v}
(10° vl2l/ha) 55 & 34 ni& BF39T) 17] 2] Bo]Z &
SHEHE O F3NHE 0 2 HAS 35 o, A e
2934 00 BEAIT A28 2} RO EL 25 T W)
of A1} Ajo] Bl Aol £k 22T YFY
ZA7}e] 2] o] ol QL= BUR AR £5L 5
Yo el oI5t 7led g Al AeeIA 2AIBAC,
2) %EXJ— }ﬂfﬂ.
<A¥ 1> F7(Zoysia matrella)7} K A=A A=
THHUNEEZZA UM Feltct 99 24
At] E2|E tee mower(Tsuchiya, Japan)E o]-&8} z+
Z}'5, 14,25, 45 mZ 29kt 2o} o)L Fo|ER 0.5
x0.5 m F7|2 A P& AR, Aok AlET
Aol 0.5 mE =9) Tck 2 A@FOl A7 11
£ AEE o]&3}e 11 cm Zol&E JUE 5o A H
o) 11 cem, A7 11 en A7)9) Z&AE 3jo]ZE vlo}
wolnt EAER a°1"“ 2t soj= FHlo|7t Mg
AFZHOZHEE 5 cn Zoldl) 8¢
25 s %Tfe—i%bﬂ*i AR sk Al A Fold
733 FEUF Do) 2% F 10ule)as Yo, 2
glo]z &ofl ThA] A9 ¥tk o]z & e
EH ol T HEZ SATE AP TelE
250 mi( £ /)] B-& BEE)NE o] £35te] BT
B, 2} Felle 238U AT S. glaseri T2 AT
ﬂ]— S. longicaudum £ A% 25,0000}2](10° v}2)/ha)
T2 750 me ¥ ERYNE ek FAE T B
“’P T 750 meH EEPRIN R 2t on, ik AR
fenitrothion ECE 1000n)| 8 0.2 3] A1 3}ed 750 mi 2 A5
stk Age RO SuTRon A 45 ¥ 2
ABTAN TolZE Bolhz, solz o) Aojsl
ZHlole] +8 ZARIIT
<9 2> 2 A RAS QR TR AR o)
RE FHHUEEZ G | EA] A 8515tk 94
1Y 35 mx35 m 27|12 783} 5] Y& ) £AS
tee mower(Tsuchiya, Japan)E- o]} Z}z} 14, 27, 45
mE ZHAth d3 ZoldE 0.5x0.5 m AV)E A YIS
AARsded], AET Aol 05 mE 29 FU: 7



70 Korean J. Appl. Entomol.

AT AA 11 on & AEE 0] 83k 11 em Ao|=
FE 5 i H o] 1l em, A7 11 cm 27)9) 28k~
g o] E ittt & AER Sojdl ] Zole &
o7} MAE A BF FohUiL, ARHORHE 5
cm Zololl 494 FefHUIAE S 181 Elol A A
5 Fo|Y AAg $ESFFo| 38 S 10
vpE|4-g Y1, IS Fho] &of A9 Ylch gol=
o] Zve d FHY o9 TYIM HEE stk
Z} Aol BRI E 250 mi( 4 /m) ] & Bt
Ao} FF F, 7} Folle LY UA X35 Heterorhab-
ditis sp. KCTC 0991BP A2} S. carpocapsae 3 A%
£ 25 OOOUF“/](IO vlg)/ha) TEE 750 M4 SN2
Aok FA e BN 77 750 md SRR
AHelstg o iz kA2 chlorpyrifos-methyl ECE
10008} <} 0 2 82 35}e] 750 meA) A3k 7kx) o)) )3k
HIHE =] st A F 2 AT o] R
A AR 5 FEo g Uitk A e 3ntEe R
TYsIH o M 4F-F z A|@ oA o] ZE o
1, Fo)|x Zxof Ao} Q= FHlold] 5 FARBIATE
<Ag 3> ) SUE=AA AT FH AF ™A
8¢ 18 P31 th 5 mn Ao 2 HTIE Fol F& 1
F523 27 un 202 FE Fro}l w2 1L Fi
A AYE st 2 FE Fe FEHED
gagom, e} 2R I PHE T8l FF
ot 1112 EAEY YAk Al 2 g
HEBo]l Mz oA 3l 0.5 mx0.5 m A7|E F+8E
Asta, A7 7relle 0.5 me] 78-S £t} AE A2
A, 2 AgTY 7 BRI A 1l am & HEE
°]-838ted 15 cn )2 AT E o] W H A4ske 24
ol¢] Abd HxE ZARIATE TFHAAL HFL S
carpocapsae ERAAE, S. glaseri SHASI ERAE,
S. longicaudum FTFAET} =HAESE o] &3,
25,0002}2)(10° v}E/ha) FEZ 750 mA) E¥el)E A
Ytk FAYTFE ET 72 750 niy N
) g)sts o th& ekA) 2 fenitrothion ECE 1000u] 98 ©.
2 3|48t 750 m 4 ety 4P 3R 4
Pt om, 45 F 2} Al 7hed RS A 11
9 & AEE o] &3} 15 cn Zo)2 FYE S0 Wl
F Aol e #¥lele ExE AR

™

Y2 71340l L3H YL dF9 Hdgd v

A= "32-?}’ F713 o] LA A5] HYAl 1=
AL golH 7] 9)5te] SAE XA 63 back tee ol A

45(1), April 2006

94 19 ety Ao 2F2 E3Yden, o
=35 A gct AP T E05mx05m I8 IS
A7Astgem, 28] 7toll= 0.5 me] 7+4S =9 FATh
AP 44 = 7 79 74 BES A2 20%20 en
=72 Wujo] Ashs 240 79 53 AR
S a0 E 05 212 281 e
aeratorE ©]-83}o(TORO, USA) E7)24L F8514
=8, aerator @] punch @] 2 7-2 10 imn P31, 7+ 6 en$d
om o= 6 cmiiﬁ} A A8 A S713d Al
Y E0RY ¥ 23Uad e aEsscd
Heterorhabditis sp. KCTC 0991BP A3} S. carpocapsae
A AL 7 7 62,0007}12](2.48x10° vlE)/ha) B 5
21 ¢4 EReIE At FA27e B 1

£ A BRI 2 A g)slg.on thz okAl] £ chlorpyrifos-
methyl BEC2 1000uﬂ ooz gasted 1 ¢ A AT}
4% AY F 5199 Ade 0F AT B 9%
aerator & ©|-& 0}04 B7129E s, 57 2]
< At Aestie 571292 sHAl Ut 94 299
2} @A FHo] AP B ZAbhe ThE Ze] 4
B Ate g AT)E 20%20 cm 7] 2 wifjo] Ao}gl
£ @olel 359} 2 2.

FARA: I 9] o 5ot Tl ipE 23R4
Ao AR o] o gk AAS-S arcsin
root 2 ¥ 3+A] A Student-Newman-Keul test® 2] & 7
Z}o]|E BEAEA 39 =T (PROC ANOVA)(Cho, 1996),

As tﬂ o] BF+HFAAE F75HFT oA
HEEP<0.05 Holol M AAsAT) WA Zh= B2
Qo] A7 B:loﬂ o2 Azo] HAAAS v wEk &AF R

42 ofsl S AsiakL LAEER AR
o (A2} AR RERAS)-TA T e (=
e8] 100-2 A2 7o) AL i%)}i

ARG,

4 o
Aol Zrje] oadl] ma 254 Al ¥l
A& A €7t #E5E FolAe Aol AAT F
o)L OiOiEHTable 1.
Ztye] o) 119 TZHAY AFe] wulold uig
HAAE ool A ZAR& Ae, ) s Fe] 7 Y
IR E R tha zpole AR daol] WE xpo)rt

Exl_
=
[}

ARt 7L AR E o e FHHULEZ A o



Lee et al: Turfgrass height and aeration effect on pathogenicity of entomopathogenic nematodes 71

Table 1. Effect of turfgrass height on pathogenicity of Heterorhabditis sp. KCTC 0981BP and Steinernema carpocapsae Pocheon

strains against larvae of Galleria mellonella in pot

Nematode infection rate(%)+SD

Turfgrass heighti (mm)

Heterorhabditis sp. KCTC (0981BP

S. carpocapsae Pocheon strain

4 en® 10 cn 4 cn 10 cm
5 100 a” 100 a 100 a 100 a
14 100 a 100 a 100 a 100 a
27 967 + 5.8 a 100 a 933 £ 58 a 100 a
45 933 + 58 a 933 + 58 a 96.7 + 5.8 a 967 + 5.8 a

¥Soil depth.

“The same letters within a column indicate no significant difference between treatments (Student-Newman-Keul’s test, P<0.05).

W5 014 mm B127 mm B45 |

% corrected reduction

Sgb SIG F
Treatment

Fig. 1. Effect of turfgrass height on pathogenicity of entomop-
athogenic nematodes against 2nd instar of Ectinohoplia rupifes.
Experiment was done at the Dongae Benest Golf Club. Bars
indicate standard deviations of means (n=3). The same lowe-
rcase letter over the bars in each treatment indicates that there
is no significant difference among means (P<0.05).

SgD; Steinernema glaseri Dongrae strain, SIG; Steinernema
longicaudum Gongju strain, F; Fenitrothion EC.

8

~
[¢)]

&

% corrected reduction
(2]
(o]

o

ScP HG cM

Treatment
Fig. 2. Effect of turfgrass height on pathogenicity of entomop-
athogenic nematodes against 2nd instar of Exomala orientalis.
Experiment was done at the Dongae Benest Golf Club.
Bars indicate standard deviations of means (n=3).
ScP; Steinernema carpocapsae Pocheon strain, HG; Heteror-
habditis sp. KCTC 0991B strain, CM; Chlorypyrifos-methyl.

BlEA|o M FETEFY0) 28 5L o2 +3
Ao A3 A gl i wole dFo] Mg IS

" HtHF=16.28, df=19, 15, P=0.0001).

o] o7t a4 THHAA Mg HYAe
EE AgdM g4 Jehs Z3FolAth Fenitrothion
AEe 5~27 m Lol A] XxHgo] 78.8~75.6% 2 A}
o|7F A} 21} 45 o <) Lol A= 39.4% 9] WHE AALE-S
A, 25HEAAE AYAME 45me] o E 5
me] ool A WAl &3} EJrhFig. 1).

TESTY 2% FTS o g Jr oy
o B & A Adx S0 ol tigk ¥
U Aol {FAS AEE BYAT FadAe it
(F=23.12, df=11, 24, P=0.0001)(Fig. 2).

RE AelolM FE5FE] 5y Byt ee &
to] o7} FHrE B33, A WEE Heterorhab-
ditis sp. KCTC 0981BP A%} chlorypyrifos-methyl ]
2lol] Bl&}e] 8. carpocapsae IR AT A e A
LERSCE

3 BAEZA AFadA dud e ZFEd
4 A5 WAL RARSE A3, S, carpocapsae X
AT S. glaseri B2 A%S AYstie adzdee)

Zrell zfolE Holx] ktTHFig. 3).

IdolNe 4% 2%117} —r’qEM] H)3l 93t 5%
Hosd BIoU A Lo Zo)E Bolx) ¢t
(F=15.52, df=6, 14, P=O 0001), JA DA = 8. glaseri
e AlSY HWedo] OE AFEC vistd FosHA
EAUTHF=30.52, df=6, 14, P=0.0001).

F7VE el YA A% WeAdd vXe 3%
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Fig. 3. Effect of turfgrass height on the pathogenicity of ento-
mopathogenic nematodes to 2nd instar of Exomala orientalis.
Experiment was done at the Youngwon Golf Club.

Bars indicate standard deviations of means(n=3).

ScP; Steinernema carpocapsae Pocheon strain, SgD; Steinernema
glaseri Dongrae strain, SgM; Steinernema glaseri Mungyeong
strain, SIG; Steinernema longicaudum Gongju strain, SIN; Stein-
ernema longicaudum Nonsan strain.

100 &
B No ageration

O Pre-aeration
M Post-aeration

~
8]

% reduction
[42]
o

N
[&)]

HG ScP CM
Treatment
Fig. 4. Effect of aeration and application time on entomopa-
thogenic nematode pathogenicity against 3rd instar of Exomala
orientalis. Experiment was made at the Ulsan Golf Club. The
same lowercase letter over the bars indicates that there is no

Control

significant difference among means (P<0.05).
ScP; Steinernema carpocapsae Pocheon strain, HG; Heterorh-
abditis sp. KCTC 0991B strain, CM; Chlorypyrifos-methyl.
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s}xo} SITHKim, 1991). A, 3] 9] o 1 Fhfel] &
Ak d1F] Al PR T B85 E Y] shtol
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(Rothwell and Smitley, 1999). B ¢IFtol| A& o3t 2k
T 9] o 37} ZEH A AFll Hb JEL golr 7]
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<), d 7} EE7E 2 J"é Ao} a7 st
Atk o) AL AT o wrp S AL AuHe R
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F71Ae 2 w2 HaFEe e T4
A, B 9 ok o] A, k) Bl stz
1% 274 3 $u7) Arie] AAs B W= 28 $&
A3 59513 IEKKim, 1991). 53], F7] 2ele 2
ZAN EFAY F0l9 BEE AL & Ut
8758 1A A 815 AU st 978 3l

(Blanco-Montero and Hernandez, 1995). ¥l E 12} 0]
A BN G2 Jolvh Artr] o7, 7HE e T E I e
dl, Zolvt 7S Elvlete] Aol Al wHlolof HhAY
4 Fs)7t B2 Adolty wheba o] Al7jdl FHol <]
A E 98t To%k] AEE A & A3 T71RY
7 st WA EES FHAE T UE Aotk 53,
Hedo) iAoz ve A% A4S 513 e
sl 2]eh #=2 WA G5 Yehjo] XA 4
SHoZ Fgatodol & Ao 2 AT A IR Ex
ol Aw A S B B A AIE xo]7] A3}
o) B B moke AESY Tk FAAGE
27l AASHT Qe Bk ol BEE xsrer
719E a17] 2o A ZR} olA|= Aoz H7te
t}. &, Heterorhabditis sp. KCTC 098 1BP A Z o} Hjs}o]
S. carpocapsae Pocheon A E-ol| A 2] 72t o] av}A

ol ol FAHY AFe AEY EAL 7 A
o, @M EAE AYIL = WA AF(Grewal et al,
1994; Wang et al., 1994; Lewis, 2002)¢]] H3}] 7]5=0]]
o] 1914 o] Bol3}H 7] o2 AZtEc). 181
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WA EYUZY F55 23E S S Aot} §h3,
713 A= F8 7128 2Tl vlste 30% W
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Hernandez(1995)¢] 7279} F-A13F Axtza Fulo)
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wEb FEPoA ZEHAPASTE o] HAS
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LAl 2
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