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FOREWORD
 

This important Bulletin is based on two papers first 
presented by their authors at an international seminar on 
he "Use ofBiologicalControlA gents ittlerI tegratedPest 

Management", held in October 1993 in Fukuoka, Japan, 
and co-sponsored by the Lniversiiy of' Kyushu and the 
University of Saga. The two papers discuss the use of 
entoniopat hogenic nematodes to control insect pests. 

While some nematode species are serious pests in 
their own right, other species attack insects. They carry in 
their gut bacterial cells which are pathogenic to insects 
(i.e. entomopathogenic). Infective juveniles of 
entoiropathogenic nematodes uisually live in the soil. 
When they find ain insect host they enter it through its 
natural body openings and release their bacterial cells. 
The host (lies ,within a few days, and the nematode then 
enters its reproductive stage, the dead body of the insect 
providing a tO)(l source for the younng nematodles. 

Since nematodes are living organisms, it has not 
been easy to find a for(mulation wlhich delivers the 
nematode to the target site and target insect. Now they are 
being used in commercial preparations, an( their 
potential is enormous. The first paper discusses the [Ise of 
two genera o1" neiath(le, *S'iurneiaan(Ileterohabditis, 
to control hilll)ug and %ariosspecies of' weevil. The 
second paper (liscuss !s the use of entomopathogenic 
lnemato(les to cont rol tur'grass insect pests on golftcourses 
in Japan. 
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ABSTRACT
 

Intomopaitho,enic nmmaoides in i/ie t ents Steinernema and Heterorhabditis have been 
lt( c.' liov lh i ai . t r dall /a,)i (I viatli(Iv of cur ulionid species.1liy ett .V',d ioS"ht;,it al 
Ve'al'dc-am.'.d pit /t lhavebenll introdtcd iw-: /) Ftotteevi/s, Otiorhynchus spp. 2) /illhs, 
Sphenophorus .spp. 3) the apopka wecvii, Diaprepes abbreviatus, ad 4, the citurt. rot wecili, 
Pachnaeus litus. Seicial rther (Cuicliunih/c sltic. antd ttthcr tlo.m'. rtiitcd fimilies arc 
potit'ii l alldidlhi'. fiwr /llnotui tollnelt''itil illll'td lit nl. . 

INTRODUCTION increase in research conlucted by scientists in 
government, universities and industry to 

(augIer aid Kava recent ly oe tcllnical 
)nblished a COlmplete revi e\ t' cLIn'Clt (Smnith ct al. 1992). There are now three 
knowledge of' elitoillpatliogeiiic litnilathdes. inatJor biotechnology cotipalnies that have been 

( I)() ) overcom So1e Ot these difficulties 

Klein (1U)0) gave a condensed initroductJon successful in introducing nenatode-based 
regaldine iieiiatilde efficacv to the order prlu(lcts ilto sotie conincrcial and consumer 
nisec'ta. The iltelt ol this paper is to markets. 

IrIOvidC a brief o\CViCw Of citmll)tipatlllognic 
niattode cefficalc , iti'ii st ccvil, and the Production 

rccentt technologi.al d(Iclipinleit s whiclh have 
made pissibl, the ciinmercial success of Since their discovery as biological 
lllhoati(e-ha.seth priloduct s. Collntl ageits, lniltltodes have been produced 

lFtiilt)IptthlgniC n,.el hiidCs il tile ill vivol, with all insect host serving as the 
eclils StItncritc'ila nd /ltif t'lcrtti/ihi/ditii and Inedia for iieniatode-bacterial growth and 
their associaled bIcteria ('CItthti/ih/ splp.) productioin. This nethod has limitations, 
have b'ell s ccssItill. Ctllicl'cialied as becau se it requires a Co IIIstant source of 
biological cointrl acigelts lottr \alicl of healthy insects. It is ialso sensilive to 
ciIrc'ulioid spcie,,. Thev can kill hosts biological \'ariatioi. and costs of' prtduction 
rapidly. are eas t apply, aito are exelnpted are high il terls ot eqitpilieli(.'t and mal­
friint fedral and lical regis+tration requileillnts IItIurs. More ctlicnt ittliods of production 
in ltl st citillit-iCs lca.'itsC I their safCty t0 iilli! ill vitro iiilltlods have recently been 
illilsllll ia Plants, ((;C'Itris c a l. IM)I developed. spp. are'aiu'it'#'nitiI)i()\ 
I)ifficullies ill production. sltor ce, fo-rnliultioi. Clillm n'rcitllY pro(lucCd ill llinOX'niC liquid 
qatility contrtll, anld aplicalon clChnolog, cullire s sleils thal use f'crnlation lank 
Iileild their oilllimrciil success il lhfie past. tecliuolin gy. This apploach is the lllot 
Reentil pulblic )eCsSuic to liiniit CnvirliunmCnltil -co1nomnical of all knitm'n Miiethods. Nenatode 
tciilirililt ioll associatcd ii C production is taking place ill anks of i) to'. clih ii ical 

ilsctcide Use hias resultCd io a ilti tllic' lt8,(000 liters ill oiluiie, which has lowered 
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costs considerably. allot ,ing successlul 

introductions into markets requiring large 

numbers otfnematodes or markets of' low cash 

crop value. 


Formiilulatioln 

The sulccessf'ul market iillrodLucli of1'an 
entouiopatho'enic neiiltotte asetd-protultici 
requires a i.liable anti Stable lt'rlitiltlion. 

This has bcen i difticult task, because Illot 
larger niarkets le dttinitiig Itproduct \\ilt i 

inittititi ,hcll-IifeC o1' SiX ittoI!hs lie' sorCd 
it rool ICelIIICI'itl S 120 -2 (i. Ncinatoitle 

IrodtsC' contliis l1\inc aiIttil, thil li\C 
certainl tet ipertitr. o\ Cll ltil ttii te 
i'tlticlcliteiecesaIl t1rtheir t ill aidt 

effet'.livell"s' i, Cotlllrol ,lgcell. \W hile it) 
llCHie ft-ilItitiui1 ILl ciuillccl,;iliitlC htsl1ti 

SUccs'sful ill rCcliine tiCe .'ilsl. 5 l1IIl' 
Cinle sts clse C 'tiri IS)i92). 

nl i cit iA)p Ttechinoog) 

Straitegie 11st llso bC deelo\C tl MlliMI 
insure thC Successful delis ers of' [tie niintode 
to the lirgl sitc and tllg'l iiscCt. thelbv 
increa itng the JrIobib lits Of tie ttitoLC-inSec't 
intteractiotn. this tll .li a il lt k.betIH Si 
\lili\ pallrtitieets litlHS i' itisesitetl Io 
illipir C 'elief iilliu ct. I )e IlriltIIiiLi I cltarget 
insct lI -ic,it_'C ',Ltt)tililil iS cliticll. iidRc 
diffCrC lilti' slices dtiffLtll SpciCes ; I lti 
ftltlillsu ti leC. kc icli h\ lil biti' \s 

Ctlliitli\ liM it(Hii Ihal lWSt pii it i le0t'slsoi 
itl b lia\itir his Le d 

iic title p flillirtti llce ;mil 
cilrellll \ i t lliel tl dt; 

,tal'S Ot insctCs t( 1) 
a-ccessil Il Io liliLtl'S. 

il)l) riiIlte IIt.l ilitlet+ spec 
illlpiirl.liti e is \it fc 

'et I tlitic tcont' 

tlt be CO i dIL'ed 

. ()llt ,i. ill\i l 

iS bIL' s are it1 

Selctig. 1t MIst 

Si iitln StrariII is 
aitl ciilllitetleill 

tt-C\li lleCIit. A\h it itL'llli c'h 'is til 

l . ,',siil Itttlifi lt lt" illtltIliiSti111C, il b1tt li 
Lfcutirs. illclttlitic ,t.,i< lit'iiuLiil, iipiutlll tid 1 


s Irt I iel lit '
itlliet'lice' the' 
Ce'lcti\.l\ kill the Iiilct Ipst. 

l otnt stititi I htitllit , "Ri l I 
illi !M ll lli 111dilt 

a plll~i'll IOli llt 'C J l %CtI\ IIIII)O ltioll, 

dOtLtl 'C. kotllllHit', l l l l)Alillk' 


h IM IS. ' 

esl eiCill if IIt'li itS itct'itltiilt s ti' hC ILt 
\k ilI ttllst c( iitti Id SI iItI Cgi'S ( ttnltiltililiti 
tritlhi a s Iet att ii<t tl ;itis'li'itlicitls tis been'i 

tlttIilliti'St tllC il iOs SS, Mil tl!i Slii'tl l, . "ilt 

has beiletitd the succeslsNl introductioni ,it 
existit eIilteig rited Pest Manem!t'tent programs. 
Crlop tllrpltologe and plietioloes 1tlu1t lie 
considered in predictuti v,hthlIrlletntIodCs are 
\iiab C 1 Cimtc inldiilk-S'. ,,\th itiotl r Ch-01 tll .Wl + 

his lt i ie poit enl i ltt Clitlliitllo ctlic 
II atoli, 1I0 he' uSCtl hi itii(e..tl' in otlie'r 
iqltic .l tdllr. iItIJ c'rptic I. Mid ill tillilUreC. 

'lhtiv'acY 

Steilnernetnllitl ani heterorhiabdilids 

ditfer in hlost ,cekill bChlvil, tolelraice to 
cli,onitlial pareti lers., beliaitro inllthe "oil 

and pilltlo 'lliciit to rii'ions ilsei.t Species 
((iallpIler i)S. [lie: succes of entonlo­
palthtoCnic iatllitle" iS 

C\tClli%' lllotlilllt 1 
CiOittictl l. hOlh in l h lit 

i1ihsetieLtl. 

Ploh lts the imst111 

litlICl tl(1C to the 

ci'ntitic re"seaCIrc h 

lilr\ and it! the 

Studicjhied priiip of 

%c' i!I lCntt speciCS ell.the So-catlletl rootl 
sei is ,itu i,, Iac k \In si%eCCvil. 
()ltiorll/li\h l / /i and S(tI.\C lootsIh\r 
ssCe\ile
. 0. oil'/IIH. Ilh"iC InsetsCl ie' CtesioS 
pests Onsl croIS t1rotlioi t ,,CSICri 

iurop. Nitlh "ableintl Aiie'lici. 

Sti liiri/e", t'\'i;l field sties if black sine 
5c \ Iflill cOt iiii e otiit'cilli'lllll plilll, 

Stllpcs iel be thC bioss s ci i pin). 
pe'\iic e ssit li thi',inscl i Sliossti 

ratcs it 7.5\10"itt 'i iilt IMtl"y lrht'clitc 

II tas I i1r cO ilSIStetitCttllIOl. Both 

()ir
 

that 

Ire 

,S'
 

Ii'ili//i,M iiiqiup c att II l',,i ril iltitetr 
eil
llt." ct lic ;il contdittions ci s C 

Colllrilo tluill to. i I . .,isl ettet t' Ih r10 ltrCetl 
insecticidte'<S ss,:It'llitalte l l tit t lil he' 
tlnlliltUICe lilt'sLlIt es. lit Notlh \ iit lte . 
[felil\ ;iild itdSafe N"'( iNI t//pit) are "tltd 
c1tiltierc lClls\ lot Ise llt Iliii tlls 110\ tt01 
i ,hSold lot tbe I ikl'tiis, iiiil ilo Ihiunt. 
\ 1ile il iS l sll Idtl tiN ilt tiiilit'lldl 

'
l iltitS. S t erldl Itllli'.,Ill his, IbtiHh ctaucl E 

Irellted i ) tll(. 
.2l',ibtlCSliiMSs s llilt lilt ' tiAhiO leilicit\ 

ill\s lllit s, / sIll. 1i1ti'otil in/ i iiMS tiitlllte 
Iti\ ics if1 t ih(k s ii ' s CC\ if (Slitl1ik S. 
iilillihllpteS l (Lilm . ()tIL'iltlttlCS lst' shtl II

(11,11 AIll Ill ilt\ dldl 11ll1);Il,lJ)_'S"1 ' dilWStiSC'ClifIl1.
 
,
t , 11 .11 1 )i'l.r s p hlc i lp h o t l+ Sl Il \vc" 

hot ci stiif ttiti l-iS tt ilt iIi Noitlh 
A i'ieti si iith lipii. ilittililtlit' tA ll StigTS
stJ cc~isspt Ibls t lletutiil tl tii tiiisl t titl i itltles . 

Tiluh It 11 of'ts .1 Stiliiliti i fih l til IteSilt 
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Table 1. Field efficacy of entomopathogenic nematodes against black vine weevil, 
Otiorhynchus sulcatus 

Rate No. % Median % 
Treatment a.i./ha of trials reduction reduction 

Exhibit, 7.5x!0 9 26 86.4 t 2.8'' 91.1 

5.0x10 9 9 84.5 ± 5.1 86.3 

2.5x10 9 3 95.0 _±2.6 94.0 

Steinernema 
carpocapsa1 

7.5x10 9 13 86.3 ± 3.8 85.0 

(UK strain) 5.0x109 1 61.0 61.0 

2.5x10 9 1 92.0 92.0 

Steinernema 7.5x10 9 6 58.6 ± 9.5 51.2 
feltiae 5.0x10 9 5 85.8 ± 6.1 83.0 

2.5x10 9 3 70.3 ± 18.7 86.0 

Heterorhabditis 7.5x10 9 9 84.2 5.7 90.0 
spp. 5.0x10 9 

10 92.4 ± 3.7 96.9 

2.5x 09 3 97.0 : 3.0 96.5 

Insecticide Standard 10 77.8 ± 7.8 86.2 

I \1, 1hlIt t ll t 'l ll l/ tp~l( IA HI ,[11I 

'"%t',ll"hLllhl11L'Ifl t I, %%LAL pt,, ,qIlfplnL:;IloI ¢Cahuaton' Soil lem11peratture ;aho~c 10V"(, Cotntainecr Irials\% ith 

ll)(' 1 I~lhllCIlIll Il~ i T ", '.'IU 

Table 2. 	 Susceptibility of neonate black vine weevil larvae, Otiorhynchus sulcatus to 
various steinernematid species 

Av. no. of 
Rate living larvae 

Treatment 	 no./cm 2 per container 

Stememenia carpocapsae 50 	 0.0 a* 
75 0.0 a 

Stvinu;ena feItiae 50 0.3 a 
75 	 0.0 a 

Stoitiertwma glaseri 50 	 0.4 a 
75 	 0.6 a 

Untreated 	 ­ 16.8 b 

',I~l' rl,'l
"l'qt,'tJ 1[I~i1,L.1)III the , l llolll tlh.,difftlL.enl hlc r',arc ,,lnificanllly lilfic n! (11:405).
 
I ) i n..Ir\hilfpiL IR.ing' I + 



Table 3. Field efficacy of entomopathogenic nernatodes against bluegrass billbug, 
Sphenophorus purvulus, in the U.S.A. 

Rate No. % % 
Treatment a.i./ha of trials reduction range 

Exhibit 	 2.5x10 9 10 78.4 7.4* 70.4-91.2 
Hetefrorhabditi, 

bacteriophora 2.5x10 9 4 74.1 8.0 67.0-84.1 
Isalophos 	4EC 2.3 kg 9 89.6 6.1 82.5-95.4 

I X:1h1,11 - ttl l ]+ I ~ l .\'Itt!lll' lll 
' ,M'I.'Lea I "tilt,ida d em'Iir: 2 -1 \\t'.k', C++'\ litill Silulliia'ilil tillelet'T llu' 11llzk'd dilld +ti,0110 1110St -, 05),(~lhl I~'\\kL.l1 i 

[LM.I Ililt-KitNl+,d \kdh'. wt.". 

Table 4. 	 Field efficacy against hunting billbug, Sphenophorus venatus venatus, 
in Japan 

No. of 
Rate surviving % % 

Treatment a.i./ha insects reduction range 

BioSafe* 2.5x10 9 4.7 ± 2.2a' 83.7 77.3-96.2 

Chlorpyrifos x 1000 
EC 40% 2.01/m 2 9.1 t 3.8a 68.6 59.4-75.0 

Untreated 	 29.0 10.3b ­

"" 1.1;11', ",t 11tnld I 0,11h t+d 1h1L' 1,11110' ! 'Tc dl£C fll[li i, diltl.+'ellt ). ) 1 .++",05l . ll#lI+ L-11,,11 1.1 l~ lilmt1% j+ 11l" l k the 
Kiu,k~d \\;tllvIt+:, 11)Ill (+LN0 ,1\ll ll 

l\hil t iS,. f'm-ll i/ Ivll' ) aL'aiillnl hlncerg is' two ills ctt Cat.le extensi\'e o,(1l dallauc to 
billltin., S. /,u l-1lu1 , il thCw tnit.d S lte,,. citrus. in the ,lte I Florida. 'Ihn tand, ul" 
\ltIl l.I ,, Ctt vi , (M hillhiLt h1cCaueN of om.halr 

l 1 lttdatioll', Ilhiti tht, ii1 ,C HCRItC ht,, 111C€ I,+,.:I;td W+illh 13Ol ,+ctAMt\. Ida l+,, Sai anud 
it h In 	 Cilli, atd nlI,,c'ric, Iave 

thC.' atr 

C_litltll ctf 	 cl I , , %ithli llcCp1;lhll limIis. Ill 5h ,,hll th1c. lult, 1 I Ni,,c' t nitlh Ntnd\ln 
I Il+;r -1 ), tICI' li W+d1\ SI)S L,\,Illlitllll, ! t 11llntkcl c.Iluci'.l .ce aill r aiit:hl, 1,0 1llu 	 , t ( 

liiiCC M Tlli~l~ i lO\. bN Niil. al CIIIi 111)1Cii loll ( lti IlOCk,
 
t ',i LIit\t'l I i'()() klt t lC ilI i gl i-t iiiiptli ',hcNlled
d tlt ).

h1111imtt_ hillht p, l +Ic/1, o . %,,liih lk io'S'li. IS. IhIt' ... tl ti i vLT.'' il, C t, 111 ,% 
, ,11,p (/ )(/ (+ A dul"th'h(td lh11 ',+ ' 1CiL ll',o /w /lli l ll 1\, i', it ., lli I kl",A ill I , 'A' 1 l[Il ) 

'+, ', t'lli~h 111I( ICN,1 ',11;1\ ' 111t(IL' iIll mlx.., lh1C ll d . L-11011,, 
pu,,.,IL-lI'AL' H 6 ,,t'1iC' lilt 0 111Ct Aill ll l., 1 WLh I', )I l~q 'l f M. 

",C' t', it 	 \,, lkU.,c Lc'h 11;1%L' 
It {i I 't+1it I lith tt l,' ;J1 I)OW 116AI 

, I it)I L11 I l JINIII iIll 11Cilla 	 ikhIlL I ki. I i tI t h , (1 "l(rI illtL ll ill li I' 

1 lilt'd S tAL , ' L ' I IIII l {II l im (11; 1 ' 	 Il C r CIL11 l ll ('1 11 ,.1 ,(11)\(w +)IBiuVk'-l,1( m p '1 Iml kt( nlIIlAI ll Owlt Itlb c 7 11 i-,t\;lolll " ui" 111l ;11 
'il, ,,1 abi It1 '1i t- I')tlMiC i I l W;il~ppkai %%(bC 0 1#,1/ ip. c/<l , lil i ;iic' i ' 1111,011it h I Wt tiWl 0lli1h.0 

L itrt'll I, kkt'' h t10 	 'l )Lt' II IW ill LT l, I '.,A/111(( /1111 '1 Ilt' ,t t ill/ llIl ' iLtI I t d C' S . \ 
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preiy i mI(IlUIt ioned, sonle of lhese pests are commercial 0to1opatlhogeni neimatode-based 
no0W being controlled efleciively wit h1 products. 

Table 5a. Field efficacy of entomopathogenic nernatodes against apopka weevil, 

Diaprepes abbreviatus 

1990: Monthly capture of adults 

Av. no. of weevils caught in ten traps" 

Treatment April May June July 

BioVector* 1.9 ± 1.0 1.0 ± 0.3a 1.4 ± 0.5a 0.3 ± 0.2 
Untreated 2.6 ± 1.3 3.5 ± 0,8b 3.9 ± 1.0b 0.5 ± 0.2 

August September October 

BioVector 1.9 ± 1.0 1.0 ± 0.3a 1.4 ± 0.5a 
Untreated 2.6 1.3 3.5 ± 0.8b 3.9 ± 1.0b 

1990: Cumulative capture of adults 

Av. no. of weevils caught in ten traps 

Treatment April-May April-June April-July 

BioVector 2.9 1.3a 4.3 ± 1.7a 4.6 ± 1.7a 
Untreated 6.1 ± 1.3b 10.0 ± 1.9b 10.5 ± 1.9b 

April-August April-September April-October 

BioVector 4.6 ± 1.7a 4.8 t 1.7a 4.8 ± 1.7A 
Untreated 

410.7 ± 2.Ob 10.8 2.Ob 11.0 ± 2.0 

I(Nc\ klor : tll'tllll llp JIp ll (All Irallll). 

N',|1,l I- 1Indaird (llIJ ) U lliiI i h. LtitkrlcIl MC11it "eei Ii¢lllii.i (ilIn hIIul( II)) i ii tl. illR i Ii IiM, dIIIPIC 

I Ici (-. 05) 



Table 5b. Field efficacy of entomopathogenic nematodes against citrus root weevil, 

Pachnaeus litus 

1990: Monthly capture of adults 

Av. no. of weevils caught in ten traps" 

Treatment April May June July 

BioVector* 0.4 ± 0.2a 0.5 ± 0.2a 0.2 ± 0.2 0.0 
Untreated 4.5 ± 1.0b 2.1 ± 0.8b 1.1 ± 0.7 0.0 

August September October 

BioVector 0.0 0.4 ± 0.2 0.1 ± 0.1 
Untreated 0.2 ± 0.1 0.8 ± 0.5 0.3 ± 0.2 

1990: Cumulative capture of adults 

Av. no. of weevils caught in ten traps 

Treatment April-May April-June April-July 

BioVector 0.9 ± 0.3a 1.1 0.3a 1.1 ± 0.3a 
Untreated 6.6 ± 1.2b 7.7 ± 1.3b 7.7 ± 1.3b 

April-August April-September April-October 

BioVector 1.1 ± 0.3a 1.5 ± 0.3a 1.6 ± 0.4a 
Untreated 7.9 ± 1.4b 8.7 ± 1.5b 9.0 ± 1.6b 

If m
r hiin ' nt dlle ct)rtling%11,11,1N s latt d ert ir) %k][111 i 11 1 id0 itl b) ili I I Ilttrs Ire ,glll icanll lnt IoI1%o 

6 



Table 6. Field efficacy of entomopathogenic nematodes against sweetpotato weevil, 
Cylas formicarius elegantulus 

Sample period 9-17 September" 

Rate Vine Root Whole plant 
Treatment a.i./ha 

Heterorhabditis 1.0x10 9 3.2a** 2.3d 5.6c 

bacteriophora (HP88) 2.2x10 9 3.2a 7.2cd 10.4bc 

3.1x109 3.2a 4.1cd 7.3bc 
Steinernema 1.1x10 9 4.Oa 7.5abc 11.5abc 

carpocapsae (All) 3.0x10 9 3.3a 14.1abc 17.4b 
4.9x 109 2.6a 10.5abc 13, labc 

Insecticide Standard 5.6a 26.5ab 32.1a 
Untreated 6.Oa 20.Oa 26.Oa 

Sample period 4-14 October 

Heterorhabditis 1.0x10 9 1.3b 5.4a 6.7b 
bacteriophora (HP88) 2.2x 109 1.6b 8.1 a 9.7ab 

3.1x10 9 1.7ab 3.8a 5.6b 
Steinernema 1.1x10 9 1.lb 4.6a 5.7 b 

carpocapsae (All) 3.0x10 9 1.8b 8.7a 10.6b 
4.9x10 9 1.7b 7.3a 9.Oab 

Insecticide Standard 5.2a 25.3a 20.5a 
Untreated 1.9ab 20.8a 22.7a 

P1.011j1,11, '\aiiiir d tor piewiiLcInitI ;i i . 
,I olimin Ih dilttrcl ire kI diiffcrnt acc 
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Table 7. Weevils that are susceptible to entomopathogenic nematodes 

Scientific name Common name Author(s) 

Conotrachelus nenuphar 
Cosmopolites sordidus 

Curculio caryae 

Curculio dentipes 
Cylas formicarius 

Cyrotrechalus Iongirnanus 

Plum curculiHo 
Banana root weevil 

Pecan weevil 

Chestnut curculio 
Sweet potato weevil 

Bamboo weevil 

Tedders 1982 
Figueroa 1990 
Pena & Duncan 1991 
Schmitt et al. 1992 
Treverrow ot al. 1991 
Nyczepir et at. 1992 
Smith et al. 1993 
Nagata 1987 
Jansson et a. 1990 
Mannion & Jansson 1992 
Liiu et at. 1989 



Table 7. continued 

Diaprepes abbreviatus Apopka weevil Figueroa & Roman 1990 
Roman & Figueroa 1985 
Schroeder 1987 
Schroeder 1990 
Simanton & Bullock 1973 

Hylobius abietis Large pine weevil Burman at al. 1979 
Burnian 1981 
Pye & Borman 1977 

Hylobius pales Pales weevil Thomas 1970 
Lissorhoptrus oryzophilus Rice water weevil Kisimoto at al. 1987 

Mesneses-Carbonell 1983 
Nagata 1987 

Listronotus oregonensis Carrot weevil Belair & Boivn 1985 
Boivin & B1lair 1989 

Naupactus durius White-fringed weevil Abmad 1974 
Harlan et al. 1971 
Swain 1943 

Nemocestes incomptus Strawberry weevil Georgis & Poinar 1984 
Otiorhynchus spp. Root weevil Bedding & Miller 1981 

Bluel & Kasurer 1989 
BUrlando & Kaya 1993 
Deseo & Costanzi 1987 
Dorsciner ot al. 1989 
Hanula 1993 
Jackson ot al. 1985 
Klingler 1990 
Rutherford et al. 1987 
Shanks at at. 1990 
Simons 1981 

Pachnaeus litus Blue green weevil Diaz & Hernandei 1978 
Hernandez & Mracek 1984 
Montes & Montejo 1991 

Pantomorus cervinus Fuller rose beetle Ahmad 1974 
Sitona hispidulus Clover root weevil Jaworska & Wiech 1988 
Sitona Spp. Sitona wecvils Wiech & Jaworska 1990 
Sphenophorus spp. Billbugs Shetlar 1989 
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anid fht I d IriaitI 0!f Cn ton0ot 2C I1in SNinci', ,n'u dc~ .Vvuzul 'h'c 1,t ti' ril, of, 
nemiatodes 1'l Conitrol ofl, 1I,'rp/tt' Arkansa,, Aikawma, Avili~tituit Fy\criniei 
fib)TtUII &lCOjIt01CNI: ('tIiC1,tiOnlidilt ill Stat ionl. 1;a ,CtC\ IiIC. ArI kawia,,. A 
citrus,. IFintnr lonmeal1-*Iowv 1(1: poItblicattoit ol tihe NCIttItJ1L SltbCO111itni1Cc 
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aIppliciltioni oI cltoiltpalli-cilic 11111 itode RA. .. illcr. 1 3. HIloLncil control otl 
Nc initodit: Rltahd tidi I. la I112 p)C~itl -Ccs '11( Illu/() iic 

EwN oi73 8 i ~. Sc .1 t(oIo)Jttj 1 it :ct i f .Ii t i I I I( I-,. Ii l I cll 

Shatks.AL.1 . R, imd 1-.\c'Av Ico -S iI i. .\OMp~Ibo/c'Qv 2.: 7N-'2 
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)ISCUSSI()N
 

lt the Discussion. alter the first ,s.ion onl entoiopathogenic nemlatodes, one participalt was
 

interested il the fact that some n.ieatode', at eifecti\e ailttt lx..pidopteralr \,hile other ieilatile
 

n[ot. %ktdetred MC he
Species ae lie ,lhthler this uinlt relatled to orie internal decei L TneciaL'irNI 

and/or .\tcrnal \o .hic.h dtenltre hitter r'iIt~iaIndecan penellI t ra Ctheltnrol nli li I the 


nieihraIne (I th Inset.. l)i. Ka\ii poitnted rt thatt.ie dense hair t 
 t ie nd, t sIl nIt species
 

of larvae pintect tIrerir wre'dilst liteirtindeN~. liitlireritlire fi,cn 1 :0 ( II/)iii /lsc IN nite nIl tie tess
 

iieII, l l o4,tIIi tail. aId c ll ac tiill
.tnde I'n'hM idie tines LI litiiiIr helahitslol ir! ni its 

jtnjI1 ) nlln ll ) tllIslctl ntl. I) lI. ttrtfl %'. iNa Ke tl lhtit t1re L t t t l tt-itde ilplic itii,,s to 

cLllttIol l.L. rleplied lilt- hs, , t itilIl e.1uH hilli ,;,,. I Ic thatt .ot ,a rie, accoidiiui to thre ic, 


hutt mt lpplical Il trie ni illl a hillionl to fluteC hilliOnl rretriatne HCiteICttoe petI WtiV II to 7
 

billio n rIhCt+a1_teM. tiire C'll snnll imairie fromi SS20 to I SS2ff) per aIre ilrprntIatl\ I S5(
 

to ifJ Ier ie. 

Plt aIILtftiItt5 \tCLe als il irt-ftestIl III 10-~tdni tioii teclilliresic. D1i. St111t11 e\p)LaIitd thilit an 

l"ti\c ueilt, t', I,,()io uttrhtand ctrrinot absohrb bod trot a iti 'e c . t hien oiteci t+" souhf0 I )lI ()'Itl 11.1d \IL I C+ll t I l I h\ (t lhCh IIf(-Ih+,lf(tt Llto i M1, W I C It rt.'.ll Wdr)Cl I CdIL'I H H M (IL
fhtiitiullrtitn htal e'\teintlt.tl tire shreltli+te t coiin+ri ',cill\ ble+ pl'+ltl hi\ itil ini t ltl l es;l~tc,a.~ tlhe 

IIet;iluili rIat . 1liC lnnlrti mit thiir irilrt,, doi riot like iad il ll .'I>.iCIM'm( ts,. arid p)tL.f.Cr ihi 

M Ull' ln eeutleCIt tie o1n)Is uitimllitll h n i i .lll littiolrs rit", lifc" Wi -or ll t ilmtit t'l' lilL'tiAIIhills 

atit ri\ e\lh rmiLt t Icosihilt\ mit urn lt ltlititim ,,r. ar i d 'iial li,l \ it , 

hlt irij irt tllt '.oll %,r, ilttml 5 tt.h etr etttttttmmp)l+ rtltet. li llttllthideN, illds 111 tIftt (iii 

lhenLcliciarl i ts .ttI s it ,r , i itiral OiItit m ofI IL",I I)r. Kiia, ita ellicitl thlift ill L r-tI'rtl i thIre 

niltinrall ttitts Ill *tl it lit)tL'ti I soC lilt' tittllld. tires [It lmt ;Iffecte.d h\ lteit hnle'O,. If 

thrs art Itr tie' NnI lit're h it , pm ',',hllt\ Ai tif Clt.iti rIti h, M1 r l)t t.I ftll', didu lt It iil itli 

L' ,t'tlll Io llipHt . l1e.i rett. il Ir l tL V,(IktemI t to t ,l Cl 111t tll 1,i11iI Clie tILl Miitt Ih 

lis, ill :hit. "(un. plU ltu lil., IIl ,, l dkt runi11,,1t5t1ih 


L+'\j).,ut to+ I 1h 1 11CMut{ 11 1111 h ht' ,I '.~+t' ' 


piItu thuiit' it i -, ,tltl0il, ItIIt , Jt, 

] MIn+l{t 111I11\ di l~.t ( l l tilt. IJl ,ilia.L +,I ll ~l,. 

,i 1;1 1 l 5 l I tt thil 1 I1 ittk I h1ti) IIt il ttit i tk. ( )it It Iiitit . 'ill I %k W Nl" t Il l l IllLt %[.ill 

v, ul 11 ISi i t iti t) uif lII Sl i t, lh tintAC > t l ii I)I. K ,i., ri I ti t. Ittt . in ilt' 
Hl-tIlhlt t+ \ ,M 1t1h lPl OI',l kl? 11W ItL',d 14) l11l11CtOHM ill lilt' h(t 1tlC ~ lL' , II1LtL l\L- jtl%.ClllI<.-, .tclt \t[.% 

,ilst t£1d h . l. It IV.lX't'+ C' A,.I l t' )+I l+ - 11 \.Wtu ht+l .'t 11 H.11li l .tI lI tl lll'+, ld At 1,11\J. 1h 

'\i")'-, t l it)t+ l-l1th l (+l llcIll1ttc) . ,tm \il d 1twl kilk.'d b.\ lhwill. I)I S1t1lhi pimtllttmI t tI1t 
I I t{t, I.t tL'Al- AI 11"I11.11(111C . ' ,Illlklt (' { I lh - t {) lhtl."-, I Ah 11] I ',tilk11 fit,'OW (d t. 1.h Ilild 

,llwilll(h O k.' I , l 1 ) tt 1C , ) ll I + ko ll'-,H I MR ('111 ll It+ ,+ t1 )111 , ltl h,.l ' tt11 11L tt~ l.I IC ANLltC I A~,1111W i ll ilt.' 

t+-It+C(. Iol IC11I k , ~l ltM ".pW( It",. d l I +,Ni \ ,, \t+' 114) t.Lt1 +,t"h(I)II tM tOCI ,t lll %I 111(tht.") illt' IllItIt'l l. 11 
LI', hL _'lIl Ih u t'll5l II i tlli-'d lli httllillN.\ 1inl It'll lI)I, Ill ti. lt s tsSl t", It +L l tll ,l o tl0 
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applications e\'e', ,il. Thlere is no) ill'oliitll of there en r ch iltoll hlether hls aIiv iie the 

,microhial p pltii ti oI' the ,oil It,, r,.i t.t h ut i Le,stletl that this \\IIIld le a.ll itll+rtelres L topic 

ol* ,tlnld. lr. .Smith elt that Stil Irricltrrtnrmsi,s scen+ to halive little influtience oilo nllatode 

efect'. li',, compared t abiolic ftcbors such .a, Soil Irrisitil'. lie a asked ,',iether\',I, anIy 

lt'iir lloe'S Mr krlr '-,Ii tVi lt ill"Let' e . ind Wi lied thtt ill eilner'll, il'CtI 'gs 10 1101l it Into 

I,. SuiCertibll. Cl'. thl l;Iot lc I)c/ad S,iritlidcolu ill \tltralil the of*Ilho, \+r +rr n'n. iivla."des ovary 

,."urc 1,mit/. \lih theil i'e,',+ hich containlt nemtatodes. The +c ,,, u bark hectl+., can also 

he illfcteL sithl totlel. 

It \\i', pointedl olt thllt 1101 Ill illlecti\'+ ,tIVn+lI ei, are il e-titOLs., and that lt itiOSt Otll',' 10)­

,2 ; . tirdiet Mait nil. one till. .\l iIcr+ele inl ti', rate to ex. 90()( \o tld +reatl. increase 

the effectisci+,,i , lDr. as,,ked the of'c olfllltode a1plicatioll,. SImith i',, heitrr eficieins inl'cti\+ 

ime'le il fil of lleir bel'i had lI. conidere. )I. Smliith replied that nictatitg behaviorior 

i,, doliilt inl I'. ie l As" [he\ ic. their lipid content all and the'y ch uae\tiin netIntde,. 

fltioll IitiliinIrI to hIitiiil b'hil\10or. Whll . wf1'nqnsopnw 5.as applied to illsect, sutch as 

see ii'. %%hiLII ,nt itlilt nl 0t kill. thereL- '',, I t i)Olah1itn redluction of 21)' . Fot s\eek , laler. 

Olice . is it tapilitnltoll rd ctol i t itW)'" lie v,is illteteId ill the i+;'eason to[- this, Cl L' ill 

llo rttlst rutt. M' ich rui'h tt+'lc. 't a clhlanc ilcil l atode behi ri. nd p inted outl thatt it Im, 

nlot hC [ii all n . he, to h, a\,_e tirle "all ' , . i)t. K at siuppoteL thisad'.,araeolus rloilat 

,thitt t uf 
' 

\IV'. titt th t l'lot II l',. r lu' p t i iillart', lto l p ' ' , atihtled tto survisal 

Ire secie,. lurill i ltre point of I ofo efliciell tlse, nl a ailalel reSOl-cS., it %\\ tld be 

dlisadt lllltaceo l l a ll minaturode' to becuoe iiitlcti\e a:t the sati+ tiettle, h\owever desirable this 

nnichtl e lrIl Ir ui n'nclllllCpIni sie\s.b' thi ll ll01 
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ABSTRACT
 

Si/i' 19S7, t,it' plicati/i ri' tf l/ Ch liiCUlN to O f' i1.'. tilf is /'/i a 

r I ill'iltCI ill i. ' /t 'l di.ii .N.fl d i i / flit' M/ AtA nt 'hia. I mil/id /ttl. c'Otl,'st/ti'/tf/y ari.s i I/it, 

dti' tci//i/l 1o ta/i 'fl it' ntivt//Ie ti/A. ifi /ict t 'iidu iiicdt / it ' atiic'iti/iruI t'lt iical. /. r t it' 

(( tIfo ill tttl/111a inlsc(t I?('tN m, Qf<ll oill-st.. Owh ckwcrimttlta/ itttili-tatiot o/ (t'11,v lp tut, gec 

lit' 	 ahil/tit' /tt l' w i l / i/ '/ /i\ i/i (f iis /)IJi.' iitt/died ilii '/' ft /t t /i t ( ti t/ / itro[ /I(NN 	 Ji / 
ft/j I t'i i'i/Iifoll /l /t ofi /IC /A n 

im/po htal tl'/l'/a\, lll\i(I his i/)'t'l (m H lhwd tlldc/ 111/)(/'wato'V anli / vi tIeI.,1.s. 
lic/l t riti/f /)('lil; ( oni/iti biit t ' I ti/ulift / // il# //it hlt hfon llr-a 

11 	 Steinernoma 

carpocapsae il]tni t t,]lil u/ti /c/viit\ li alrva' tif Spodoptera depravata. Parapediasia leterrela. 
alld \IQIlis tplonl~,. \IN his 1malm i/c is ilhmot t1111t1'(Ni~C 11) hla c of wArdlm id I1wethi'.. a 
mlikcdl I/)]//l( a ll/ )/' S. ca'rpocapsae th v,i'//h'l~ l# it low ('mi('1/ll1'01i( ll 0/' c']l/it'a] /ha.s .\/low/t a 

ii' /lititi(ti it to tl' .'rd i stn I1'1 114 o' 	 Anonala schonfeldtit. 

MATERIALS AND METHODS 	 (501;F(') and diaint (40F1. 
4. [,aboratory tests. 

I. 	 Nematodes. :ttur pcC io a) The il/P/rQt'I tlt'd fil/h' papel method. 
,Cn|('Ol( IISttlit, ttcIHtici \NitI't' tldt in A I1nL. iO tllitll 'inhlillill (ia. 125 to 

11i" s pel;Cimcnl: Sicili'rllm:1 (,1 lr l pal.m '. 500() of' the inf'cc'iv\' Ifr( Ililge .it,\elile 
S. /i/h ' S '// and,~ Slll. Aloilht,'ai. (J,) \\sil, in l) Lltd into if l11 ,iiC I)Cll'i 

These 1I M~aO&St'" \N.t'Wt (10l1dllil ,:' SI)S dish) (Wtlll ill nltr diiMlCter ;till 

tliolcch KK antl Kthiti;i ('it. Blthi iypcs 1.3 cin in hcighltl the l tttoi oft \hich 
of tlCntalItcIc t1;1t Il'i't LHIlMtici l t clickcti \a ci t.'c'tl \ ilh :1 lttCC1 o1f tiilcl' 

tl'., illd ih fooI() tl t 'td tttlil. paitt'r (iTo\o Nil. 2 . T'ill i itlli'c s 
2. 	 sInsects. l lalter, t . I hi c illI.iilu \1 of tSoih lit 1 ,tlution ttd ittul the 

't/trturasslitt't cult.. tl/',s ad/pellt tri dih, th c i t,cdt Iir'ic \ r-c 
l tia, dtndictccai Still( , iL AC n.lotuCL- 1 i'ti .,I titC t a inaiVidtillo into 

tl, 't. I'll'ltt d !i t'(!l' ll\'l Mi'ld Te'll Ilo 2011 1nWO'', \k.CfL' HW-Cd Iff t.A1t' 

',cilra titll.i dt lill' %\.tl-W Cllit' t(I If!lll 111C of 	 theC \;irioil,,v', and1( the Illo)llil) 
,tu~rf.!Ha,, of1 Lo)11 CoH l',c

, 
SL'ilrllldt' \%,;I' 0f l v\T d Ci'h (]If\ illl'rf aildi­

Ilir\-;ilt! \\(-W i lk-itr ( 1 25 U' ()If iln ; il liill Catlionl. 

dliCl 	 Cl'(H"i,IlI ll,11;11111\ ofl ICAl 11101d{. h) ifhe lvililo c Ined/tlil lmwtho,. 

3. 	 ('hemicals. Tii acltt'tttlil'al Cliticiall Scatr'zcha ci tar '' or adttls \Vere teared 

Used in 1i11 sluttdt \\It'c Ic 11rt 1hi'(t1i i) I plt sic" citlilain1 r ill ;I ntCdiln 

Keywords: biological control, entomopalhogenic nematodes, 	 important turfgrass iisects, 
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co talilning ( cnenll de.,,(?.() c.ci n innlr 
dinller,li and 5 cmn i height, ahout 

a g nlt+11 ( lsI"d250m,"g lhe i'ar 0 hlll).r 
of' 20)g of' le+afmld (or- .im~dusl) 

c'(lltillil - lo .itcr and -iv*4(' 	 5( 
0l 	 iltlC tI11, J)COl1n,itt of' J, (ia. 1.5 . 
10, 	to) 10,5 ",I( ) 


C) 	 Ap/)/l('(ll ofI S. cal+pittup g' osi'lI 
tlIci'nij ilt. Sc'la lhacid lal\it c t.'rc 

rearedl in ,)il.Iina plt,,tic conttainer 
measuri ).4 \ 22.)) \ 6.3 cm. Tht.w 
31"dilltilrlilltil' .1 lll hidtmlo wJ(iJllI/V 

WCV'liltrOdUCCt''d h\ piLCL'int! i(ll lvaC ill 
cach colltilinl'r. At 2- Ill aItcr 
illti l'it.'+(llO~f thle lil\'iIC.fhill .\n 

aIpplica;tion oflS, I, /,,fp.+wc (1.2i 


l()/ : 11ithItClltloti llo' Or d il/il[lO l 

( 	 )()(0L5.1))))) dil.) \;la,tarictd trot. 

,l) iPo)I I'.t\ . 1'1 praL'titill lilt'tI,,t', 

ilel',tixit\ thet.
oflS /,I,,d1al to lr t.' of 

A.. %lirtSt I, t'\;uiltt'd ill a plastic 
1)t 	(l(6C'mIllllII idt ]t9C_'ll
tIC td~iIII.tt+'l Ill 

hICILIIH (11 Cttll.itlt+d IUttI I ,.. Telul 

lalt\at \%trt' lllt)tilt 't'd t',ilh pitt. 

A1 24 Ill . 'l 

sprIa'll (11(., tCIlt' t 
2) ()'/tli'oI) 


,,p c r t)fit()the a 
ill Ilt' l 1d 5 

,nrt +,. lM olalt la 

tilt_' t t',lltI 'It. J 
ir'tl l Itt511I 	 lit oI' 
I 10', ,_CIth1_'r1 , it1 

tl 0t.hv 


cil hei"h m ali.fti IIs 

, 	,.a, l,,' d 2L/1l(,ll1tt 
,It'a ll.\ai.k tt IlIrlela llmll,

5. 	 F+ie~ld 'lht+',C_ilt Mtit+" tCt+',t+dtrials.. HClt \\VICt+ 

ill liife irtll1()87 ,AS a
hld+'t to) IQ, X. 


e 	 ,s C()n1ittll IllIll) a tI II1112 Ilu11t1Sta i t t 

iIISCIN' I t At fitth L.'lF l()]It ',C Itll''F:IS'S,. 

ill'tltofRElSUTll. ) In I 
%\ilthfh_ ile ,,IiI(11 tht+,,t+ \\ereiIN,,t'tAt, 
pltted't,and lit-+ (ca' I IW().I \, I1)"/lJ; . 
Ill") I\,MtC l',,io \\t.', ",prayed"ll"p)t_ l 


RESULTS 


pIlstic L'colltiilltr 1251)11IL..) Cl'tillillc
 
turlgra,,, ('aiith' 3. Not all aidult,, lad
 
ClllCr2tC(d ,ll,.'r ,t'\ lrC.ts
ilt' l t of 

mnore thanu 0) nin. 
h 111t'CtCcIi \ t ' f'ICt',N -o ',l t' t 

lil'lllMOItLC1 it) ",,+c \\ereLlaltacidt larl'';ac 

,
10\lo\.t tht+' irnIIC ilhI',, -4,ill ,t.C\t+' ICnt

5). la 	it 4 "1,htks tllat fill mlorlait\ 
ofI ,t or 211 d ill t'a ailt\ act o i.1 
'll/Op \as tI alld ltor' 5'; J)l to 4(),

S. 	 ,/ \ ('it.l1).5 \ 10)).
 

, f
c)	lFIllt 's ot lli\ ly aiplication of .S 
C'dll'j)0Cd/JN(lt' \\liltlL'llt+lllitill,.A,'. 

t (n11'i~ t ISl 	I'il t,+lp+ 

s%%i 	 hac,,i_lllti)rt t' St Is h tr.,lilt' Ct't'Cl', 

0if llikill ;it 10 S1 tiL' )1i11'itI t 

C(l l/)0ll 	 (lI I l (I._2 \ 1(01n1 'I \ktilt 
fenilrtthhon I\ 1.1I) , :,00.( ( ill.) o~r 

I 1.000). d 'rt'dill nl \ rt 5 .1100ta ll I l.) k 
tI it'\ t 	 d IitIui1 t ii ,Ist 	I, n1 l 

,,
St 	 dst i 'Iil+lc6, 7t. i,Iulti 
llixatu'. %ile ,iv/li i ll\k or)e 
cl~ft+'.'ti,.,in,,w'ltt,i d(IC1I'.
thian n11 


(I)Plt 	 te",t,.S. 4101II+/hi limitl ",tilill 

lh m 	i iih l itiit l l t' lPtta . t+'h . t..tim 
tO M"CI ll I\t1 1.112t Hllt'' I ,i ll l l.'tl 

It-lttl t.'L t'l llitil i i i ll..19X7tI.t 
Insecticidall c.lfL'tctk ItOl.S,Alm da/l 

+g a ilIf+, _'Itic 1),,t (
[ I l 1i%;t+' 1
 
C'lIl)rI'+lt' tI., I 1111Ct+ Holth
M IA l S. 

'11 ;1t)1lil'ti()Il1;1,.'()1 I(0" J,/nli1 \ . 
IClliC%\Cdt +'L'-1. ltl)1110 01 ,till~lh+ilc_'itC'llLA'I 


liart\ il'. 

] CCll.C I li lt CIllCt+ t'C.t+'. In lilt' 
SalliC e(,t,IC\it'ao Mid A1 ,ltaill,,')I
 

S.Ct11'/l)0 C , (I.Ctla)i%1ilt '' ,._laB
hHf't,,.'CClI.CCI ('TilhI,+ h Cu+_-- Tht.',,v 


%kCrnC inldiViduil\illk t.tlalcd 1 h01110 
conlainn ca. 70)) .1 Iot 2 pi'ri
3(0,6(0. 	andlt1"0( mnh. .Af.' lilcici 

Oil hlit' hod\ ,L1iat't' C rC\kC1\aitCd 

\vilh \ llt. lilt',Clilit' \\.ICt11 i 

t i',
h 
s ()l 
btc,, 

Otl 

ll i 

!. 	Iaiiiralor. Itests. 2. I'ield I'al,,. thl'IllttW "1 1',lll li l l'oi 
ai)Ac.co'(rdil 2 the+ hilmo .,d filter ct,,e,, hIm .Atil,tvl 198 to, l)+,u.10 IrLTI 	 h).,\ I9 s 

\\i,h1,h1cr O~hriai Ill ',I|£1tlIllII ',IIIIIIIICI.lal\ac l') dip/'/ im ",,h/ thlll +.d ltaliIll Ill 
,
that o)fV" Ic+/+,t l S tlwl'('CI licL A l I+l hil III\ ti', ;\I,dlutcto) I 

I). lilt' iit'I o I 5.ivit\t l Nil MtI C.' Il CII lt+',I tC111 1' sIt l i l I i . 

', h)
d6('Itd,' i I. tii 	 liVit\ llllil 10MO M Io \%ilh ill (d l t+"C, ild 
[lhe lltJlIlht+' IiII t', Ilet~II h rtC&W M ICI,11th .tl lilitoll. andto)I IIClI dI deI tindtr tlKolldh 

Thk, h,_tilt+e c+lea thi_, Ishihb ,i"ll1908).\%lith hnl-cta'-ilg 
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Table 1. 	 Infectivity of three species of entomogenous nematodes for 5th and 6th 
instar larvae of Spodoptera depravata, using impregnated filter paper 
inoculated with an aqueous suspension of infective 3rd stage juveniles 
(J3) 

Nematode No. of nernatodes No. % mortality on days % adult 
species per petri dish of larvae " )  after applicationh )  ernergence b ) 

4 8 12 20 (lays 

125 20 10 55 67 76 24 
S. carpocapsae 	 250 20 15 60 83 82 18 
(All) 	 500 20 25 65 83 100 0 

125 20 15 45 61 65 35 
S. feltiae 250 20 20 30 67 94 6 

500 20 15 50 61 94 6 
125 20 10 15 50 76 24 

S. glaseri 250 20 20 35 39 94 6 
500 20 10 35 50 94 6 

h, t ([w0L,dllt mltt llrlaihlics1 l ll oi n moli~l IAhht l 10}25. 

Table 2. 	 Infectivity of Steinernema carpocapsae (Mexican) for 3rd and 4th instar 
larvae of S. depravata, using impregnated filter paper inoculated with an 
aqueous suspension of infective 3rd stage juveniles (J) 

No. of nernatodes Replications No. of % mortality onldays % adult 
per petri dish larvae after application emergence 

4 8 12 	 days 

125 5 10 30 80 100 0 

250 5 10 30 80 100 0 

500 5 10 60 80 100 0 
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Table 3. 	 Mortality of 5th and 6th instar larvae of S. depravata exposed for different 
periods to moist filter paper containing ca. 700 infective juveniles of 
Steinernema spp. 

Nematode species Exposure No. of % mortality on days % adult 
time larvae after application emergence 
(rain) 

2 4 6 8 days 

30 20 	 5 20 20 64 
S. carpocapsae 60 20 25 70 70 70 0 
(Mexican) 120 20 15 90 100 0 

30 20 10 10 10 91 
S. carpocapsae 60 20 10 45 55 55 21 
(All) 120 20 35 45 60 75 7 

30 20 	 0 100 
S. 	 feltiae 60 20 20 20 20 71 

120 20 5 55 60 21 

30 20 	 0 100 
S. 	 glaseri 60 20 10 10 10 10 78 

120 20 0 30 30 45 35 

Re'flic.'atlon1s %,krc' -icihorme'd 20) tlin1 ., 

ItrIXa. c \l)ow_.d dlittlicn tite', I0 iiII it((ll Cs k%", %%iShC; l i llt in 25U( ll , plastic prL diditor 	 1i l ii mth.)llllLr, n 
iu rtgrda,, 

Table 4. 	 Infectivity of S. glaseri and S. bibionis to scarabaeid larvae reared in 
medium containing nematodes (J3) 

Scarabaeidae Nematode species No. of No. of % mortality 20 days 
nematodes/ larvae after application 
container 

1st instar 2nd instar 

1.5x10 4 20 10 15 

Anomala 	 4x10 4 20 25 15 
osakana S. glaseri 8x10 4 20 45 40 

16.5x10 4 20 55 40 

1.5x10 4 20 10 10 

4x10 4 20 20 15 

A. cuprea S. feltiae 8x10 4 20 25 15 

16.5x10 4 20 30 15 

'[tle reaigJ mei umlll ", ,' mikl ki 20() it lea;t mi~ld Lo in)g~llll -10', SW' ,'iI' ;111(1 21111 ,ltll0l l IS IV I1 01 J.,.th 	 p'l'lil 

in it 25 1 il-,, pdltIL ,uiiihliiiir 
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Table 5. 	 Infectivity of 2 species of entomogenous nematodes to 2nd and 3rd instar 
larvae of Anomala cuprea, immersed for different periods in an aqueous 
suspension of JA 

Nematode species No. of Immersion No. of % Mortality 16 clays 
nematode3/5mL time larvae after application 

petri dish (m in) ... .. . . . . .. 
2nd instar 3rd instar 

5x10 4 	 5 12 8.3 8.3 
S. carpocapsae 60 12 8.3 8.3 
(Mexican) 1.3x104 5 12 8.3 8.3 

60 12 8.3 16.7 

5x10 4 5 	 12 8.3 16.7 
S. feltiae 60 12 8.3 25.0 

1.3x10 4 5 12 16.7 16.7 
60 12 25.0 33.3 

h %ic utIne i \eiecuItunuu d 	 it contaihersiiilcr It) ti lilt) tire lering uuiIll and1 %%ere reared It25 C 

Table 6. 	Efficacy of the mixture of S. carpocapsae (Mexican strain) and diazinon 
(40EC) to 3rd instar larvae of Anornala schonfeldti in containers* 

Treatment 	 No. of % Mortality at various days after application 

larvae 5 8 11 

J3 	 20 0 0 0 

Diazinon x 1.000,dil, 20 45 65 75 
J3 + diazinon x 1.000,clil.** 20 55 100 100 

Diainon x 5.000,dil. 20 30 30 30 

J, diazinon x 5.000,dil.** 20 50 65 70 

Diainon x 	 10.000, dil. 20 0 5 10 

J3 f diazinon x 10.000,dil.** 20 5 10 25
 

-\ph-4i L'uui{uiulei 2'.S 211) N 0.1 Li.
 

S lil 1I I (I20 YIll/li ) allter C hi11 1 1 I
tiie l l d iiiii . 
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Table 7. Efficacy of the mixture of S. carpocapsae (Mexican strain) and fenitrothion 
(50EC) to 3rd instar larvae of Anomala schonfeldti in containers* 

Treatment No. of 

larvae 

% Mortality at 

5 

variouLs (lays 

8 

after application 

11 

J3 20 0 0 0 

Feniirothion. x 1.000,dil. 
J3 + fenitrothion. x 1.000,dil.** 

20 
20 

30 
60 

30 
75 

65 
95 

Fenitrothion. x 5.000,dil. 

J3 + fenitrothion. x 5.000,dil.** 

20 

20 

20 

50 

25 

55 

30 

60 

Fenitrothion. x 10000,dil. 

J3 + fenitrothion. x 10000,dil.** 

20 

20 

0 

10 

5 

20 

5 

20 

,,\ planisic 
*"Spra l 

ihli;uicr 
J,. (1 2 x 

is 295 \ 
li)r/11,/m 

2(0).( 
) after 

6 1. C111. 
eadlul app~licatlionl ofl telilrollilon ( [tll 

Table 8. Insecticidal effect 

plastic container 

of S. kusidai J3 on 3rd instar larvae of A. cuprea in a 

Methods 
of 
application 

No. of 
nematodes 

applied 

(no./m 
2 ) 

No. of 

larvae 
tested 

No. of 

dead 
larvae 

Mortality 21 

(%) 

Injectioni ) 

Spraying 

Control 

2x 105 

5 x 105 

1 x 106 

2 x 105 

5 x 105 

1 x 106 

50 

50 

50 

50 

50 

50 

50 

22 

35 

44 

20 

36 

42 

12 

26 

60 

84 

21 

63 

79 

0 

hilc rell 'clilisu 

11 J IiliiIL ' , 

2)0 1orlaht+' vka, 

%kclI i1lIte, 
,%%e 111ICrcl 

L'l:uld h. 

(cIo hiClOk ht soil 

,b% l' formula. 

suiriace. 
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Table 9. Mortality of the 3rd-4th instar larvae of S. depravata as a result of 
applying S. carpocapsae (All strain) to turfgrass in five field trials."' 

Field trial Application No. 	of nematodes No. of % Mortality at various days Place 
2
(late per m replications after application 

4 5 8 10 

105
5.0 x 3 	 47.4 45.5 Kikugawa 
Exp. 	 1 Aug. 13, 1987 1.0 x 106 3 52.5 54.5 Country 

Control 3 0 0 Club 

5.0 x 105 3 	 54.2 66.7 Hamaoka 
Exp. 	 2 Sept. 21, 1987 1.0 x 106 3 70.8 81.5g Golf 

Control 3 0 0 Course 

Sept. 30, 1987 5.0 x 105 3 	 57.1 83.3 Hamaoka 
Exp. 	 3" Oct. 3, 1987 1.0 x 106 3 78.6 83.3 Golf 

Control 3 0 0 Course 

1.0 X 106 3 57.1 84.5 Hamaoka 
Exp. 4 Oct. 3, 1988 Control 3 0 0 Golf Course 

2.5 x 105 3 92.0 95,0 Laboratory 
Exp. 5 Aug. 31, 1989 5.Ox 106 3 97.0 99.0 Farm of Shizuoka 

Control 3 0 0 University 

.1 . ll t camretdinSi tiltrl NSdilii~ii.utd hN lIarsa.Seii'%%ci 	 ofi tlht'p'ial i iti(Ile gollcuotriw aidt a. laoraiorN larm. 

DISCUSSION 	 after chemicals had the same effect as 
nematodes or chemicals alone. The 

Accordigi to Poinar (1979), S. mncch:nisnil of the action of, mixed applications 
'(m1p, .apn.,has tile broadest host ran.e, mia)y be related to tle effect of' fhe chemicals 

covering o er 5 amilies of insects. ,. on the larval dlefenses against nemiatodes. 
k'nnn, Oisc0%ered itt the larvae of' the In pot tests, S. At.hidui showed a higher 
.tpnnIiSi' beetlC i)IC;ers those beetles, . . insecticidal effect oi tihe larvac oflA. cupr.a. 
/iC/I ' i',teLIId n lbbhoid ll, larvaC ilfcts "lnhis nentatode promises to be an effective 

H cultiltni biological control agent agi nst sta,aba cidtle ',trt iti,,._Cts.Io CXl,,riiitCIIs oil 
the effL t il1 lh ,. iie'milOl,. ot) turfgrass larvae. It prclical field trials, the optin i n 
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