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FOREWORD

This important Bulletin is based on two papers first
presented by their authors at an international seminar on
the "Use of Biological Control Agents under Integrated Pest
Management", held in October 1993 in Fukuoka, Japan,
and co-sponsored by the University of Kyushu and the
University of Saga. The two papers discuss the use of
entomopathogenic nematodes to control insect pests.

While some nematode speeies are serious pests in
their ownright, other species attack insects. They carry in
their gut bacterial cells which are pathogenic to insects
(i.e. entomopathogenic).  Infective juveniles of
entomopathogenic nematodes usually live in the soil.
When they find an insect host they enter it through its
natural body openings and release their bacterial cells.
The host dies within a few days, and the nematode then
enters its reproductive stage, the dead body of the insect
providing a food source for the young nematodes.

Since nematodes are living organisms, it has not
been easy to find a formulation which delivers the
nematode to the target site and target insect. Now they are
being used in commercial preparations, and their
potentialis enormous. The first paper discusses the use of
two genera of nematode, Steinernema and FHeterohabditis,
to control billbugs and various species of weevil.  The
second paper discusses the use of entomopathogenic
nematodes to control turfgrass insect pests on golf courses
in Japan.
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ABSTRACT

Entomopathogenic nematodes in the genus Steinernema and  Heterorhabditis have been
successfully - commercialized —as biological control agents for a variety of curculionid species.
Nematode-based products have been introduced for: 1) root weevils, Otiorhynchus spp. 2) billbuygs,
Sphenophorus spp. 31 the apopka weevil, Diaprepes abbreviatus, and <) the citrus root weevil,

Pachnaeus litus.

Several other Curculionidae species and - other closely related  families  are

potential candidates for future conmmercial introductions.

INTRODUCTION

Gaugler and  Kaya (1990) recently
published o complete review of current
knowledge of  entomopathogenic nematodes.
Klein (1990y gave a condensed  introduction
regarding  nematode  efficacy 1o the order
Insecta. The intent o this paper is 1o
provide a brief overview of entomopathogenic
nematode  efficacy against weevils, and  the
recent technological developments which  have

made  possible the commercial  success of

nematode-hased products,

Lntomopathogenic nematodes in o the
genus Stemnernema and Heterorhabditiy and
their assoctated  bacteria: (Nenovhabdus  spp.)
have been successfully commercialized  as

biological control agents for o variety  of

curculiomid species. They can kill hosts
rapidly. are casy to apply, and are exempted
from federal and local registration requirements
momost countries becanse of  their safety 1o
mammals and plants (Georgis er al. 1991,
Difficulties in production. storage, formulation,
quadity control, and application  technology
limited their commercitl suceess in the past,
Recent public pressure to limit environmental
contamination  associated  with  chemical
insecticide use has resulted i a dramatic

increase in research conducted by scientists in
government, universities and industry 1o
overcome some ol these technical  difficulties
(Smith er al. 1992).  There are now  three
major biotechnology companies that have been
successtul inintroducing  nematode-based
products into some commercial and  consumer
markets,

Production

Since their discovery as  biological
control agents, nematades have heen produced
inovive, with aninseet host serving as  the
media for nematode-bacterial  growth  and

production.  This method has  limitations,
because it requires a constant source of
healthy insects, It iy also sensitive to

biological vartation, and costs of  production
are high o terms of equipment and  man-
hours.  More efficient methods of praduction
using in viero methods have  recently  been
developed. Steinernema  spp.oare pow
commercially  produced in monoxenic liguid
culture  svstems  that use  fermentation  tank
technology.  This approach is the most
cecanomical of all known methods.  Nematode
production 1s taking place in tanks of up to
80000 titers o volume, which has  lowered
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costs  considerably, allowing  successful
introductions into markets requiring large
numbers of nematodes o markets of low cash

crop value.
Formulation

The successtul market introduction of an
entomopathogenic nematode  based-product
requires a rehiable and  stable formulation.
This has been a ditficult tash, because most
larger markets are demanding a product with a
minimum shelt-lite of siv months when stored
al room  temperatures (20 225 )0 Nematode
products contain living animals  that have
certain temperature, osyeen and  moisture
requirements necessary - Tor their survival and
effectiveness as control agents., While no
nematode  Tormulation has been completels
successtul in reaching these goals, some have
come very close (Georgis [992),

Application Technology

Stridegies most also be developed which
insure the suceesstul defivery of the nematode
o the target site and  target nseet. thereby
increasing  the probabilitv of  nematode-insect
interaction.
Many  parameters must be investigated 1o

This has not been a simple tash,
improve  performancee. Deterninimg  target
msect hle-stage suseeptibility s crttical, sinee
ditferent fife stages of different species are not
cyually  susceptible, Research by the biosys
company has shown that pest population fevels
and  behavior have o great influence on
nematode pertormance and must be considered
Often, Tarval
stages  ob ansects sach as borers are not
Selecting the most
appropriate nematode  species and/or strn s

carelully - unpublished  datan,
accessible 1o nenutodes.

important tor  cfticacy  and  commercial
development. Abjotic factors such as soil
type. sotl temperature: and moisture, and - biotic
factors, including pathogens and prediors, can
greathy mbuence the nematodes’ abiliny 1o
eftectively kil the target pest,

Apphication sirategres, includimy field
dosage. volume, irrigation and appropriate
application methods. are very amportant,
especially b nematodes we o0 beintegrated
Companbility
with a wide range of agrichemicals has been

with other control strategies.

demonstrated (biosvs, unpublished datn. This

3

-

has benefited the successtul introduction with
existing Integrated Pest Management programs.,
Crop morphology  and  phenology must be
considered i predicting whether nematodes are
viable control candidates.  Additional research
has shown the potential for entomopathogenic
nenitodes (o be used in other habitats (e,
aquaatic, foliare and erypticy, and in manure,

Efficacy

Steinernematids  and  heterorhabditids
differ i host seeking behavior, tolerance o
environmental parameters, behavior o the soil
and pathogemcity to various insect species
(Gaugler 1988y, The suceess ol entomo-
pathogenic nematodes is largely due o the
extensive  amount  of  scientific research
conducted. both i the laboratory and i the
ficld.

Probably  the most studied  group of
weevtl pest species are the so-called root
weevils o such as o black vine weevil,
Otorivnchuy suleatis. and  strawberry root
weevitle O ovanes. These msects are serious
pests onoseveral crops throughout  western
Earope, and  North - America, Tuble |
summartzes seveal held studies of black vine
weevil e contamerized  ornamental - plants
supervised by the biosys company.  Our
experience with this insect has shown that
rates ot TSVTOT nenuttodes per hectare are
necessary - tor consistent control, Both 8
carpocapsac and 0 bhacteriophora under
appropriate  environmental  conditions  give
controlequal to. o better than, registered
mscoticides  whien targeted  against  the
immmture lite stages. In North  America,
Heliv and BioSate N oS cawrpocapsaer are sold
BioVecton
v osold for other beriy crops and also mint,

commercrtly for use on cranberry,

while Exhibit s sold tor use on omamental

plants. Severad thousand hectares have been
treated o date,
Fable 2 shows datac on the pathogenicity

of vatous  Stemiernema spp.agamst neomte
(Shanks,
unpoblhished datiy. Other studies have shown

Euvae  of black  vine weevil
that all darval and pupal stages are suseeptible,

Billbugs. Sphenophorus spp.. have
become  sienibiweant pests ol tirl in North
America and Japan. AL immature stages are
susceptible to entomopathogeme nematodes.
Table 3 summanizes ticld ol results of



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* 7.5x10° 26 86.4 + 2.87* 91.1
5.0x10° 9 845 + 5.1 86.3
2.5x10° 3 950 + 2.6 94.0
Steinernema 7.5x10° 13 86.3 + 3.8 85.0
carpocapsae 9
(UK Strain) 5.0)(10 1 61.0 61.0
2.5x10° 1 92.0 92,0
Steinernema 7.56x10° 6 586 + 9.5 51.2
feltiae 9
5.0x10 5 85.8 + 6.1 83.0
2.5x10° 3 70.3 + 18.7 86.0
Heterorhabditis 7.5x10° 9 842 = 6.7 90.0
spp.
5.0x10° 10 92.4 + 37 96.9
2.5x:0° 3 97.0 + 3.0 96.5
insecticide Standard 10 77.8 + 7.8 86.2
Ixtubn Steinernenia carpocapsae (AT steam.

Mean  standard error 2 week post apphicabion evaduation. Soil temperature above 16°C, Container trials with
vatins omamental plant species

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

Av. no. of

Rate living larvae
Treatment no./cm?® per container
Stemernema carpocapsae 50 0.0 a*

75 00 a
Steinernema feltiae 50 03 a

75 00 a
Steinernema glaseri 50 04 a

75 0.6 a
Untreated — 16.8 b

Shotted stiawbeny plantss Means e the column followed by different letters are significanily ditferent (17-0.05),
Dancan’s Muluple Range Fest

(oS}



Table 3. Field efficacy of entomopathogenic nematodes

against bluegrass billbug,

Sphenophorus purvulus, in the U.S.A.

Rate No. % %
Treatment a.i/ha of trials reduction range
Exhibit” 2.5x10° 10 78.4 - 7.4 70.4-91.2
Heterorhabditis
bacteriophora 2.5x10° 4 741 - 8.0 67.0-84.1
Isazophos 4EC 2.3 kg 9 89.6 + 6.1 82.5-95.4

Exhubit = Steinernema carpocapsae AlL striam
Mean ¢ standard errors 290 weeks evaluation
using the Krushal-Willis (est

Seniticant ditterences between reated and contol plots (P 1.03),

Table 4. Field efficacy against hunting billbug, Sphenophorus venatus venatus,
in Japan
No. of
Rate surviving % Yo

Treatment a.i./ha insects reduction range
BioSafe* 2.5x10° 47 + 2.2a"" 83.7 77.3-96.2
Chlorpyrifos x 1000

EC 40% 2.01/m? 9.1 & 3.8a 66.6 59.4-75.0
Untreated e 29.0 + 10.3b _— —

Brosate = Steinernerma carpocapsae tAN Strann

Means o stndand enoni tellowed by the samie fetier are not sigmticantly ditterent w the P<O.0S jevel, using the

Knshal-Wallis aest, 10016 day evaluation

Exhibit 1S,
billbug, §. States.
Although it billbug
popelations than the inseenicide isazophos. the
control effect v within acceptable timits, In
Japan ¢Table -h neld ads condacted by SDS

carpocapsae) against  bluegrass

prurvidus. in the United

wis  less  effective on

Biotech with hrosys has

displaved

I cooperation
coitiol agamst
BiroSate S,

Adults ot iy speaies e also

vood devels ot

hunung bidlbuge, S venaten, with

cdrpocdpsde).

susceptible, These tesults have  made it

possible 1o register BoSate for commercral

ale e Fapan,

Another commiercial socecess story me the
United  States has been the antroduction of
BioVeaor 5 carpocapsacy tor control ol the

apopka weevit, Diaprepes abbreviats, and the

crus root weevil, Pachmacus i, These

4

o insects  canse  extensive  root damage 1o
in the of Flonda.  Thousands of

ol

citrus state
hectares citrus erchards and  nurseries have
treated  with BioVector, and

the results of a seven month study

been Tubles Sa

Sh show
ciergence after a

tBullock.

cvamining  adult nsedt

single. earlyv-season application

unpublished data).

1he sweetpotato  weesil, Cyvlas
formicaris, s a0 serions pest o sweet potato
all over ahe world,  Rescarch etftonts have
shown that there v a0 good  potential for
controllmg this pest with - entomopathogenic
nematodes. Table 6 shows results fiom one
recent studs chisson e afl - 1990),

Table 7 hists vanous “weevil™ pests that

are reported an e lterature too be suseeptible

to  cntomopathogenie nematodes., As
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previously mentioned, some of these pests are commercial entomopathogenic  nematode-based
now being  controlled  effectively  with products,

Table 5a. Field efficacy of entomopathogenic nematodes against apopka weevil,
Diaprepes abbreviatus

1990: Monthly capture of adults

Av. no. of weevils caught in ten traps**

Treatment April May June July

BioVector* 19+ 1.0 1.0 + 0.3a 1.4 + 0.5a 0.3 + 0.2

Untreated 26 £ 1.3 3.5 + 0.8b 39 + 1.0b 05 + 0.2
August September October

BioVector 1.9 + 1.0 1.0 + 0.3a 1.4 + 0.5a

Untreated 26 + 1.3 35 + 0.8b 39 + 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 43 + 17a 46 + 1.7a

Untreated 6.1 + 1.3b 10.0 + 1.9b 105 + 1.9b
April-August April-September April-October

BioVector 46 + 1.7a 48 t 1.7a 48 + 1.7A

Untreated 10.7 + 2.0b 10.8 + 2.0b 11.0 + 2.0

¢ BioNecor = Stemernema carpocapsae (AN strainy.

S Means o standard erton) an column followed by ditferent letiers are significantly different, according to (wo sample

F-resis (1P.0.05)

N



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 45 + 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 £ 01 08 + 0.5 03 £ 0.2

1990: Cumulative capture of adults

Av. no. of weevils caught in ten traps

Treatment April-May April-June April-July
BioVector 09 £ 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

BoVedator = Stemnernema carpocapsae (AN strain)
Means ot standard errony wathin a column followed by ditferent letters are significantly ditterent according o two

sample Toaests (P20.05).
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Table 6. Field efficacy of entemopathogenic nematodes against sweetpotato weevil,
Cylas formicarius elegantulus

Sample period 9-17 September*

Rate Vine Root Whole plant
Treatment a.i./ha
Heterorhabditis 1.0x10° 3.2a** 2.3d 5.6¢
bacteriophora (HP88) 2.2x10° 3.2a 7.2cd 10.4bc
3.1x10° 3.2a 4.1cd 7.3bc
Steinernema 1.1x10° 4.0a 7.5abc 11.5abc
carpocapsae (All 3.0x10° 3.3a 14.1abc 17.4b
4.9x10° 2.6a 10.5abc 13.1abc
Insecticide Standard 5.6a 26.5ab 32.1a
Untreated — 6.0a 20.0a 26.0a
Sample period 4-14 October
Heterorhabditis 1.0x10° 1.3b 5.4a 6.7b
bacteriophora (HP88) 2.2x10° 1.6b 8.1a 9.7ab
3.1x10° 1.7ab 3.8a 5.6b
Steinernema 1.1x10° 1.1b 4.6a 5.7b
carpocapsac (All) 3.0x10° 1.8b 8.7a 10.6b
4.9x10° 1.7b 7.3a 9.0ab
Insccticide Standard 5.2a 25.3a 20.5a
Untreated — 1.9ab 20.8a 22.7a
Plant parts examined tor presence ot lanvae.
“ Means within o column tollowed by ditferent letters are significantly ditferent (»0.05), according to Duncan’s

Muluple Range Test

Table 7. Weevils that are susceptible to entomopathogenic nematodes

Scientific name

Conotrachelus nenuphar
Cosmopolites sordidus

Curculio caryae

Curculio dentipes
Cylas formicarius

Cyrotrechalus longimanus

Common name

Plum curculio
Banana root weevil

Pecan weevil

Chestnut curculio
Sweet potato weevil

Bamboo weevil

Author(s)
Tedders 1982
Figueroa 1930
Pena & Duncan 1991
Schmitt et al. 1992
Treverrow et al. 1991
Nyczepir et al. 1992
Smith et al. 1993
Nagata 1987
Jansson et al. 1990
Mannion & Jansson 1992
Liu et al. 1989



Table 7. continued

Diaprepes abbreviatus

Hylobius abietis

Hylobius pales
Lissorhoptrus oryzophilus

Listronotus oregonensis

Naupactus durius

Nemocestes incomptus
Otiorhynchus spp.

Pachnaeus litus

Pantomorus cervinus
Sitona hispidulus
Sitona spp.

Apopka weevil

Large pine weevil

Pales weevil
Rice water weevil

Carrot weeuvil

White-fringed weevil

Strawberry weevil
Root weevil

Blue green weevil

Fuller rose beetle
Clover root weevil
Sitona weevils

Figueroa & Roman 1990
Roman & Figueroa 1985
Schroeder 1987
Schroeder 1990
Simanton & Bullock 1973
Burman et al. 1979
Burman 1981

Pye & Burman 1977
Thomas 1970

Kisimoto et al. 1987
Mesneses-Carbonell 1983
Nagata 1987

Belair & Boivin 1985
Boivin & Belair 1989
Ahmad 1974

Harlan et al. 1971
Swain 1943

Georgis & Poinar 1984
Bedding & Miller 1981
Bluel & Kaserer 1989
Burtando & Kaya 1993
Deseo & Costanzi 1987
Dorschner et al. 1989
Hanula 1993

Jackson et al. 1985
Klingler 1990

Rutherford et al. 1987
Shanks et al. 1990
Simons 1981

Dias & Hernandes 1978
Hernandes & Mracek 1984
Montes & Montejo 1991
Ahmad 1974

Jaworska & Wiech 1988
Wiech & Jaworska 1990
Shetlar 1989

Susceptibility  of  the  carrot weevil

Sphenophorus spp. Billbugs
REFERENCES
Ahmad, R. 1974, Investigations on the

white-fringed  weevils Naupactus  durins
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natural cnemies wm Argenting. Technical
Bulletin of the Commonwealth Instituie of
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Bedding, R.AL and LA Miller. 1981 Use
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DISCUSSION

In the Discussion, after the first session on entomopathogenic nematodes, one participant was
interested in the fact that some nematodes are etfective against Lepidoptera, while other nematode
species are not. - He wondered whether this might be related 1o some internal defence mechanism
and/or external morphology  which might determine  whether the nematode  can penetrate the
membrane of the msect. Do Kava pointed out that the dense hairs on the body o some species
of Turvae protect them against nematodes. Furthermore, Steinernena carpocapsae i~ one of the few
nematode species which goes through metating behavior standing— on its taile and can actually
jump onto an msect host. Dee Siath was asked about the cost ol nematode applications 1o
control ¢.e.turt billbugs. He replied that the cost varies according 1o the species of nematode,
but at application rates of hall a billion 10 three biltion nematode nematodes per acre (1 10 7
bilion per hectarer. the cost would range from USS20 1o USS2000 per acre tapprosmiately U850

to 300 per hectare,

Participants were also interested  m- formalation techniques. Dr. Smith cxplained  that an
mfective juvemle has no mouth and cannot absorb food  directly from a nutrient source.  One
formuliation had extended the shelt-lite 1o @ commercially viable period by reducing the nematodes”
metabolic rate. He pointed out that fariners do not like radically new products, and - prefer those
which resemble the comventional tormulations they are used o, For tns reason, commercial firme

are now explonng the possibihty ot eranule applications, and also ol acral spraving.

The imporint question was rosed whether entomopathogeme nematodes hase an etfeet an
beneficial msects such as natural enemies of pests. Dro Kavae replied that in general, af the
natural enenuies of anansect pest hive abose the ground. they are not atfected by nenatodes. 1t
they are hving o the sorl there mas be o possibiliny o infection. althoveh - practice this did not
seem o happen. He sugeested that more work needs 1o be carned out on natural encmies swhich
tve an the sorls paricalan s predatorss e also pointed out that msects such as scarab beetles are
exposed tomtechon tor only o shore penod of e dunng the larvab stages simee the adults hine
a hard carapace swhich s gesstant o nematode attack. One participant was miterested me what
would happen it w scarab beetle were 1o cat a nematode. D Kasa answered that cating the
nematode woubld probabls not dead o mtecnon of the beetle nnless nfectine uveniles were Very
abundant. Howeveroat w natwal enemy were o parasitord developmy inside a0 bava, 1t would he
exposed o entomopathorene netnatodes and would be kalled by theny D St pomted out that
o cochroach cats a0 nematode. the stocture of e cockiowh™s Somach s sach that the
nematode v tom apatt and - there as nomtection There s considerable concern e Europe on the
cltect o nematades onnon targer species. and many stdies are under wan, but as ver no s eftect

his been found. He pomted oat that many ditferent crops e the United States recene nematode
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apphications every vear. There s no information on - whether there has been any change in the
microbial popubitions of the soil as o resulte but suggested that this would be an interesting topic
of study,  Dro Smiuth felt that soil microorganisms seem 1o have  hitle influence on nematode
effectiveness, compared 1o abiotic faciors such as soil moisture. He owas ashed whether any
nematodes are koown 1o eat insect eegs, and replied that in general, insect eggs do not seem 1o
be suseeptible. Howeser the nematode Deladenns siricidicola in Australia invades the ovary of
Sirev nocufio, which then lavs eges which contain nematodes, The eggs of bark beeties can also

be intected with nematodes.

It was pointed out that not all infective juveniles are infections, and that at most only 10-
2000 are anfectious at any one tme. Anoincrease in this rate to el 90% would greatly increase
the effectiveness of nematode applications. Dr. Smith was ashed whether the efficieney of infective
juventes in terms ot their behavior had been considered. Dro Smith replied that mictating behavinor

v dominant o voung pvenile nematodes,  As they age therr Lipid content falls and they change

from ambushing 1o hunime behavior. When S0 carpocapsae was applicd 1o insects such as
weevils which are ditticalr o Ml there was o ponulation reduction of 200, Four weeks Hater,
there was a0 population reduction of 6070 He was interested in the reason for this change in

mortality  rate. which nught retlect o change in nematode behavior, and pointed out that it may
not be advantageous for all nematodes 1o behave e the same sy, Do Kava supported this
view, and pointed out that nematodes are part of an evolutionary process adapted to survival of
the species. bFrom the pomt of view  of efficient use ol available resources, 1t would  be
disadvantageous for all nematodes to become infective at the same time, however desirable  this

might be from the commercial poin of view,
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ABSTRACT

Since 1987, the application o] agricudiral chemicals 1o golf course turf has heen a
controversial ixsue often discussed in the mass media. Demand  has consequently arisen for the
development of safe effective methods, wsing reduced  amounts of  agricultural chemicals, for the
control of twrferass insect pests on golf courses. The experimental wiilization of en' mopathogenic
nematodes for the control of tferass ety (s heine sindied intensively in dapan and practical
ticld wials are beine conducted  Infective evaluation of cntomophathogenic nematodes o control
important turferass insects has been conducted  wnder Jaboratory and - field tests. Steinernema
carpocapsae shovwes .« hicher pjectiviy 1o larvae of Spodoptera depravata. Parapediasia teterrela,
and Aeroais ipsidon. Ay tlus nematode s almost uninjective 1o larvae of scarabaeid  beetles.
mived application of S, carpocapsae together witlt a low concentration of chemicals has shown
hicher infectivity 1o the Sed instar 1arvae of Anomala schonfeldt.

MATERIALS AND METHODS (0% EC) and dizzinon (0 EC),
4. Laboratory ftests.

I. Nematodes. Four  species of W The impregnated  filter paper method.
entomogenous  nematodes  were used in A Iml. solution containing (ca. 125 1w
this eaperiment: Steinernenid carpocapsae, 500) of the infective 3rd stage juvenile
S felviae. S wdaserto and S0 Kashidai. o was moculuted mto a plastic petr
These nematodes  were donated &0 SDS dish  (Yem in inner diameter and
Biotech KK and Kubota Co. Both types 1.3 cm o heighn, the bottom of which
ol nematode had been cultured on chicken wis covered  with w sheet of filter
guts and dog tood medn. paper (Tovo No. 210 Twenty minutes

2 nsects. Lamvae ot Spodoptera depravata. after the soludon had been pat in the
Parapediasia tetervela, Nerotis apsilon, and poetri dish, the inseer larvae were
adults and Jarvae ot Scarabueirdae were individually introduced into - the dish.
used.  These deprdopterous larvae  and Ten to 20 insects were osed for cach
scarabiaeid adults were collected from the of the varions tests, and the mortality
turfarass ol golt courses Scarabaeid was observed ecach day atter apphi-
larvae were reared ot 25 C oonan artiticial cation,
dict consisting mamly ot leat” mold. by The  wematode  wedium method.

3. Chemicals.  The agricultural chemicals Scurabacid Larvae or adults were reared
used in this study were fendrothion moa plastic container oo medium

Keywards: biological control, entomopathogenic nematodes, important turfgrass insects,
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nematodes (7.0 cminner
and S ocmoin height, abouwt
250mA. The rearing medium consistd
of 20g of feat mold tor sawdust)
containing 404 1o S04 water and 2me

containing
diameter,

of aqueous suspension of | (can 1Sy
10' 10 16,5 « 0%,

¢y Application of S, carpocapsae with
chemicals.  Scarabacid larvae were
reared inosoile oo plastic container
measuring 294 v 220 & 6.3 ¢cm. The

Ird instar larvae of Anomala schonfeldi
were ntroduced by placing 10 larvae in
citch  contiaer. At 24 hrooafter
introduction of the larvae, the mixing
apphcation ot S (12 X
10"/m*)y with fenitrothion or diazinon
(000, S000 dil)y was carried out.

carpocdpade

1esty, For pracuical use. the
infectivity ot So Kustdar o the larvae of
Ao cuprea was evatuated meoa plastic
pot (locm mner diameter and 19¢m in
herghty of cultivared Ten
Larvae  were mtroduoced pot.
At 24 hre atter the reatment, )
nematodes  were apphicd at g
20 10/ 1w Iy 107 cither by a

spriyer onta the turfgrass surface or by

being injected S cm

surface.  NMorahn

weeks after the treatment.
Field trials,

turtgrass.,
mto  cach

3
rate of

Soil

abserved 2

below  the

WS

These nematodes were tested

in the ficld from Y87 1o 198K Ay o
means ol controlimg the important
insects that attack golf course turfgrass,
Small areas of tarfgrass (9 my intested
with the larvae of these insects  were
plotted, and the J e 1T v 100 1 8 10Y

m’y water
uniformly.

suspension was  sprayed

RESULTS

Laboratory tests,

) According to the
paper
carpocapsae

impregnated  filter
method, the infectivity ol S,
(A, o the dast
huvae ol S. depravata was higher than
that of S, feltive o1 8. (Table
Lo However, the fevel of mfectivity
tended 1o reduction
the number ol dish.
This became clear with the inereasing

instar
clasert

decrease with

nemitodes per

rn

In the
strans of

pereentage of adult emergence.
Mevican and Al
S. carpocapsae showed  an
infective cffect Clable ).
were mdividually inoculiated onta a dish
containing ca. 700 1 for 2
30, 60, und 120 min. - A

on the body surface were

same  test,
equitd

These Tarvae

periods of
nematodes
washed ot
with water, these favae were put inoa
plastic  contiiner (2530ml.) containing
turtprass (Table 3y Not all adults had
emerged  after the times of
more than 00 min.

caposture

b) Infective  effects of 4 species of
nematodes  to scarabacid Lirvae were
lower e these experiments (Tables 4,
51 Table 4 shows that the mortalin
of Ist or 2nd instar larvae of AL
cupred wis 3300 compared o 09 tor
Sooglaseri (cas 10,5 100,

¢) Effects of nuxing  application of 8.
carpocapsae  with  chemicals. As
infectivity ot S0 carpocapsac to
scarabacid Lirvae was lower, the etfects
of mining  the apphication of 8
carpocapsae (1.2« 10Ymy winh
fenitrothion v 1000, 5000, dil) or
diazinon (x 1000, 5000, dily were
evaluated using  the lanvae of A
schanfeldii CTables 60 7y, ihese
mixtures  were  significantly  more
effective than imsecticides alone,

dy Pot tests. S0 Awsludai Trom soil
Hamakita, Shizuoka Prefective, proved
1o have strong infectivity 1o scarabacnd
larvac  (Kotzami  er al.. 1987,
Insecticidal effects ot S kusedar )
against the 3rd instar Jarvae o
cuprea are shown an Table 80 Both
spraying and agecting S Ainddar,
an apphcation rate o oy 100 ) /m,
achicved effective contiol of scarabaeid
larvae.

Field trials.  Resolts obtained  fron polt

courses from August TOR7 1o Aogust [98Y

are shown in Tuble 90 o these ficld

trials, o ogher mortahin of msects s

than n summer. In

this

obtained i awtumn
due 1o g

The

tnsects

all probabrhiny W

difference i soil moistuie, infective

activity - of nematodes 1o tends o
decrease under drv condiions (Kondo and

Ishibashi 1968).



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

()
Nematode No. of nematodes No. % mortality on days % adult
species per petri dish of larvac® after applicationm emorgencem

4 8 12 20 days

125 20 10 55 67 76 24
S. carpocapsae 250 20 15 60 83 82 18
(Al 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
ar Rephaanons were pertormed 1 tines
b AL data were corrected tor control mortalities (Abbott [925),

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 nematodes Replications No. of % mortality on days % adult
per petn 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




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
(min) T e s
2 4 6 8 days
30 20 5 20 20 64
S. carpocapsae 60 20 25 70 70 70 0
(Mexican) 120 20 15 an 100 0
30 20 10 10 10 91
S. carpocapsae 60 20 10 45 55 55 21
(Al 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

Rephications were pertormed 20 tines.
Lanvae exposed tor ditterent tumes 1o nenatodes were washed and pat in 250mb. plastic contamers provided with
turtgrass

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

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

1st instar 2nd instar
1.5x10* 20 10 15
Anomala 4x10* 20 25 15
osakana S. glaseri 8x10* 20 45 40
16.5x10* 20 55 40
1.5x10* 20 10 10
4x10* 20 20 15

A. cuprea S. feltiae 8x10* 20 25 15
16.5x10* 20 30 15

The rearmg medium was muved with 20p ot leat moid contaning 400 - S04 water and 2mb agueons suspension of |
noa 250 ml. plastie container



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 J,

Nematode species No. of Immersion No. of % Mortality 16 days

nematodes/5mlL time larvae after application

petri dish (min) s
2nd instar 3rd instar

5x10° 5 12 8.3 8.3

S. carpocapsae 60 12 8.3 8.3
{(Mexican) 1.3x10* 5 12 8.3 8.3
60 12 8.3 16.7

5x10° 5 12 8.3 16.7

S. feltiae 60 12 8.3 25.0
1.3x10° 5 12 16.7 16.7

60 12 25.0 333

Larvae immersed o nematodes wese moved into the rearing medium containers, and were reared at 25 ¢

Table 6. Efficacy of the mixture of S. carpocapsae (Mexican strain) and diazinon

(40EC) to 3rd instar larvae of Anomala schénfeldti in containers*

Treatment No. of % Mortality at various days after application

larvae 5 8 1

J3 20 0 0 0
Diazinon x 1.000,di. 20 45 65 75
J3 + diazinon x 1.000,dil.** 20 b5 100 100
Diazinon x 5.000,dil. 20 30 30 30
J3 + diazinon x 5.000,dil. ** 20 50 65 70
Diazinon x 10.000, dit. 20 b 10
J3 + hazinon x 10.000,dif.** 20 10 25

A plstic continer 2005 1 200 v 0.3 cm.

CrooSprn ot B oE 20T Ay atter each apphication of diazinon (1H../me)
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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 % Mortality at various days after application

larvae 5 8 1

J3 20 0 0 0
Feniirothion. x 1.000,dil. 20 30 30 65
J3 + fenitrothion. x 1.000.dil.** 20 60 75 95
Fenitrothion. x 5.000, dil. 20 20 25 30
J3 + fenitrothion. x 5.000,dil.** 20 50 55 60
Fenitrothion. x 10000,dil. 20 0 5 5
J3 + fenitrothion. x 10000,dil.** 20 10 20 20

A plste contamer s 295 1 200 4 6.3 ¢m.
S Spray ot Jool2 o L/ ) atter each application of fenitrothion (1it/me).

Table 8. Insecticidal effect of S. kusidai J; on 3rd instar larvae of A. cuprea in a
plastic container

Methods No. of No. of No. of Mortality?’
of nematodes larvae dead (%)
application applied tested larvae
(no./mz’
Injection” 2x 10° 50 22 26
5 x 10° 50 35 60
1 x 108 50 44 84
Spraying 2 x 10° 50 20 21
5 x 10° 50 36 63
1 x 10° 50 42 79
Control 50 12 0

Five replications were made.
b Jonematodes were mpected S em below the sorl surface.
23 Mortality was calealated by Abbou's formula.
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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
date per m? replications o after applice!ikon -
4 5 8 10
5.0 x 10° 3 47.4 455 Kikugawa
Exp. 1 Aug. 13, 1987 1.0 x 10° 3 52.5 54.5  Country
Control 3 0 0 Club
5.0 x 10° 3 54.2 66.7  Hamaoka
Exp. 2 Sept. 21, 1987 1.0 x 10° 3 70.8 81.59 Golf
Control 3 0 0 Course
Sept. 30, 1987 5.0 x 10° 3 57.1 83.3  Hamaoka
Exp. 3" Oct. 3, 1987 1.0 x 108 3 78.6 83.3  Golf
Control 3 0 0 Course
1.0 x 10° 3 57.1 84.5 Hamaoka
Exp. 4 Oct. 3, 1988 Control 3 0 0 Golf Course
25 x 10° 3 92.0 95.0 Laboratory
Exp. 5 Aug. 31, 1989 5.0x 10° 3 97.0 99.0 Farm of Shizuoka
Control 3 0 0 University

ar Bxpenments were cartied on turtgrass demaged by tarvae of S. depravata in the golt courses and laboratory tarm.
B Nematodes apphed twice.

DISCUSSION after chemicals had the same effect as
nematodes  or  chemicals  alone. The
According  to Poinar  (1979), 5. mechanism of the action of mixed applications
carpocapsae has the broadest host range, may be related 10 the effect of the chemicals
covering  over 59 tamilies of insects. S, on the darval defenses  against nematodes.
e¢laserr discovered in the tarvae of the In pot tests, S, kushidai showed a higher
Japanese  beetle pieiers those beetes, S, insecticidal effect on the larvac of A cuprea.
feltiae solated i ibjonid  fly - larvae  infects This nematode promises 1o be an effective
the sume insects. Inoculation experiments on biological control agent against scanabacid
the effect of these nematodes on turfprass larvae.  In practical ticld trials, the optimum
msects under Jaboratory conditions and in field time for control of lepidopterous inseets by
tests were carried out. In Taboratory tests, 8. nematodes is in the autumn, when soil
carpocapsac (AL and NMevcan) were more moisture s high,

infective to lepidopterous darviae  than S,
elaserr or S feltive.  However, the infectivity

of these nematodes 10 scarabacid  Jarvae was REFERENCES

signiticantly Jower, due 1o differences in the

defenses of the midgut wall of the hosis. A Ishibashi et al. 1987, Integrated control of
mixed application of 8. carpocapsae with a insects/nematodes by mixing application of
low concentrition o chemicals achieved a steinernematid  nematodes  with - chemicals.
higher synergistic effect on Larviae of A, Recent Advances in Biological Control of
schanfeldti. The application of  nematodes Insects Pests by Entomogenous Nematodes
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