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ABSTRACT: Biological control potential of two entomopathogenic nematodes, Heterorhabditis indica and Steinernema carpocapsae, was
tested against neonate-, and third-instar grubs of Orycuts rhinoceros in laboratory and micro-plot experiments. The main aim of the
study was to develop an efficient sustainable control method against the pest. With this we could develop a strategy of coconut
production with the intention of diminishing or even preventing the appearance of pest resistance to insecticides.In the laboratory
experiments, S. carpocapsae and H. indica were highly virulent to neonate grubs. Neonate grubs were susceptible to S. carpocapsae
followed by H. indica. The virulence of the nematode species relative to each other differed greatly to neonate grubs but not to the
3¢ instar grubs. In all the experiments,mortalityof rhinoceros grubs varied significantly among nematode dose and days after
treatment. In comparison of neonate grubs mortality, 3/ instar grubs require more number of nematodes. The dosage and time
mortality relationship of S. carpocapsae and H. indica against the neonate and 3 instar stage of O. rhinoceros indicated that as the
dosage increased the susceptibility also increased. The susceptibility of the developmental stages of O. rhinoceros differed greatly
among tested concentrations of nematode species and time. Our observations, combined with those of previous studies on other
nematode and white grub species, show that nematode virulence against rhinoceros grub developmental stages varies with time
and nematode concentration.

Key words: Coconut palm, rhinoceros beetle, neonate, Steinernema car pocapsae, Heterorhabditisindica, mortality, vermicompost, devel opmental
satges.

The rhinoceros beetle, Oryctes rhinoceros L. by the red palm weevil, Rhynchophorus ferrugineus
(Coleoptera: Scarabaeidae) is a serious pest of coconut and entry of fungal pathogens (Renou et al., 1998).
throughout Indiaand Southeast Asia(Nair et al.,1997).

Eggsarelaid in manure pits or other organic matter and No single method had proved to be successful in
hatch in 8-12 days. Larvae take another 82-207 days  suppressingthepest popul ation. Current management of
before entering an 8-13 day non feeding prepupal stage. O. rhinocerosacrossthel ndiareliesupontheintegration
Pupal stage lasts for 17-28 days. Adults remain inthe  of mechanical, cultural, chemical methods, semiochemical
pupal cell for 17-22 days beforeemerging and flyingto ~ approaches and use of bio-control agents such as
palm crownsto feed. The beetlesare active at night and Baculovirus oryctes and Metarhizium anisoplae are
hidein feeding or breeding sites during the day. Adults ~ being practiced asbio- control measures. Any attempt to
damage palmsby boringintothecentreof thecrownand scale down the use of chemical insecticidesiswelcome
unopened fronds and spathes and this damage causes ~ considering and the safety to flora and fauna of the
yieldlossupto 10 per cent in production of nuts(Nairet ~ environment. Due to environmental and regulatory
al., 1997). The damage caused by rhinoceros beetle ~ pressures, research toward developing alternative pest
larvae provide entry pointsfor lethal secondary attacks ~ control measures are warranted (Tomerlin, 2000).

Therefore, identifying bio-control agentsthat control the
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soil-dwelling life stages of insects is of paramount
importancefor thedevel opment of successful biological
control against O. rhinoceros. However, lacking
complete research dataon efficacy of promising EPN
strains against O. rhinocer os populations composed of
different soil-dwelling devel opment stages. Useof EPNs
could offer an effectiveand safealternativesto chemical
insecticides (Friedman, 1990; Ehlers, 1996).

Entomopathogenic nematodes(EPNS) havepotential
ashio-control alternativesfor O.rhinocerossuppression.
EPNs in the families, Steinernematidae and
Heterorhabditidaearelethal obligatory parasitesof insects
(Ishibashi & Choi, 1991), are found in soils throughout
theworld (Kayaet al., 1993; Stuart et al., 2006) and are
promising agentsfor control of soil dwelling insects (as
soil application) aswell as above ground insects (foliar
spray) in cryptic habitats (Arthurs et al., 2004).

Growth and development of O. rhinoceros grubs
mostly takeplaceinmanure/vermicomposting pits, such
habitats are considered as a most favourable niche for
enhancing theinfectivity, survival persistence of EPNSs,
as these environments minimized nematode death from
ultraviolet radiation and desiccation (Poinar, 1990). In
this contrast two species of indigenous EPN strains,
Seinernema carpocapsae and Heterorhabditis indica
were evaluated against different stages of Oryctes
rhinoceros larvae under laboratory condition.

MATERIALS AND METHODS

Nematodes. Two nematode species, S carpocapsae
and H. indica from the live nematode culture of the
Department of Crop Protection, Central Plantation Crops
Research Ingtitute (CPCRI) Kasaragod, India, were
used inthisstudy. These nematodeswere propagated in
at room temperature on final instar wax moth, Galleria
mellonella (L.) larvae (Kaya& Stock 1997). Nematode
infective juveniles emerging from the G. mellonella
larvaewithin 3 day fromthefirst day of emergencewere
collected and werekept in atissue cultureflask at 15°C.
Nematode viability was 100%. Unless otherwise stated,
IJs within a week of harvest were used in all the
experiments.
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Insects: Adults of O. rhinoceros were originaly
collected by using pheromone traps from coconut
planation infested with O. rhinoceros at CPCRI farm
Kasargod, Indialocated at 12°302 N latitudeand 75°02
Elongitudeat analtitudeof 10.7 mabovemean sealevel.
After their catch, they wereal so confined with maleand
females inside rectangular plastic boxes (15 x 20 x 10
cm). Theseboxeswerefilled with athick layer of 3-5cm
of friablematerial, collected fromnatural breeding sites,
inthegoal to createamiddlelikeinsideinfested parts of
palm trees where couples burrowed to copulate. These
boxes were kept at room temperature for 7-8 days.
Thereafter females were transferred to another set of
boxes filled with friable material (semi-decomposed
vermicompost and dry coconut petiol e, of lessthan3mm
insize). Thismaterial wasmainly usedfor femaleswhich
burrowed themselvesinsideto lay eggs on. Boxeswere
daily monitoredtwice(inthemorningandintheafternoon);
during these operations content of each box was sieved
separately to collect fresh eggslaid inside the substrate.
Then, substratewasreturned insidethe box with female
to continueitsoviposition activity. Eggscollectedinthe
same time, never directly handled, were transferred
together, by group of 10 maximum, to small rectangular
plastic boxes (5 x 10 x 5 cm) used as incubator and
containinga3 cmthick layer of thesamefriablematerial
usedfor oviposition. Thensufficient numbersof neonates
(three day old having size of 2-3.5 cm and weight of
0.197-0.312 g) of rhinoceros grubs were used for the

study.

Theaveragesizeandweight 3“instar (8-10.5cm, 10-
12.5g) grubswere collected from the vermicomposting
units maintained at Central Plantation Crops Research
InstitutefarmK asargod located at 12°302 N latitudeand
75°02 Elongitude at an altitude of 10.7 m above mean
sealevel. None of the vermicomposting units had been
treated with any biococntrol agents during the previous
year. Only apparently healthy grubs were used in the

bioassays.

Efficacy of EPNs against neonates of

Oryctesrhinoceros grubs

Theexperiment wasconductedin25-ml plastic cups
(4.5 cm diam. 3 cm height; surface area: 15.9 cm?)
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containing 10g autoclaved semi-decomposed
vermicompost (pH 5.98 and 52% moisture).A single
neonatewasrel eased into each cup,and grubsthat didnot
enter thevermicompost within 2 hour (h) werereplaced.
The virulence of S. Carpocapsae and H. indica to
neonate grub was determined by pipetting 0.5 ml of
distilled water containing 50, 100, 150, 200 and 250 IJs
onto the semi-decomposed vermicompost surface of
each cup. Control cups received same amount of water
only. Themoisture content of the semi-decomposed
vermicompostwas 12%. All cupswere covered loosely
with lid containing to facilitate gaseous exchange and
kept at room temperature at 25-30°C.Grubmortalitywas
assessed at48, 72 and 96hours (h) after exposureand
dead neonates werekept on White traps to observe
nematode emergencefrom nematode-killedinsects. The
experiment was arranged in a complete randomized
design.Each treatment was replicated three times with
15cups/replicate (45cups/treatment)and repeated once.

Efficacy of EPNs against 3¢ instar of Oryctes
rhinoceros grubs

The experimentwas conducted in 250-ml plastic
cups (5.5 cm diam. 7 cm height; surface area: 30 cm?)
containing 50g autoclaved semi-decomposed
vermicompost (pH 5.98 and 52% moisture). A single 3™
instarrel eased into each cup, and grubsthat didnot enter
thevermicompostwithin2hwerereplaced. Thevirulence
of S. carpocapsae and H. indica to 3 instar grub was
determined by pipetting 1.5ml of distilledwater containing
25000, 50000, 100000, 200000 and 300000 I Jsonto the
semi-decomposed vermicompost surface of each cup.
Control cups received same amount of water only. The
moisture content of the semi-decomposed
vermicompostwas 12%. All cups were covered loosely
with lid containing to facilitate gaseous exchange and
kept at roomtemperatureat 25-30°C.Grubmortality was
assessed at 5,8 or 10 DATand dead neonates werekept
on White traps to observe nematode emergence from
nematode-killedinsects. The experiment was arranged
in arandomized completeblock design. Each treatment
was replicated three times with 10 cups/replicate (30
cups/treatment) and repeated once.
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Efficacy of EPNs against 3¢ instar of Oryctes
rhinoceros grubs in micro-plots.

To re-check S. carpocapsae and H. indica
pathogenicity against 3¢ instar O. rhinocerosin larger
volumeof vermicompost withwider area. Weartificially
constructed micro-plotssizeof 38x24x10cm (L x Bx H)
by using 1cm thickness plastic sheet. Micro-plot was
filled with 3 kg sterilized vermicompost (pH 5.98 and
52% moisture) with 10g of sterilized semi-decomposed
coconut leavesasafood sourcefor thelarvae.Fifteen 3
instar grubswere released into each micro-plot, and
grubsthat didnot enter thevermicompost within 2hwere
replaced with healthy ones.The virulence of S.
carpocapsae and H. indica to 3 instar larvae was
determined by pipetting 150 ml of water containing 10
and 20 lakhs 1Js on to the semi-decomposed
vermicompostsurface ofeach micro-plot. Micro-plots
were ensured proper gaseous exchange by covering
muslin cloth tightly with rubber bands and kept at room
temperature (25-30°C). Larva mortality was recorded
at 5,10 and15 DAT. At 10" day of observationanother
10g of sterilized semi-decomposed coconut | eaveswere
incorporated ineach micro-plot for continuoussupply of
food togrubs. Thedead cadavers of rhinoceroswere
examined for the presence of EPN to ascertain the cause
of death by placing over whitetrap. Theexperiment was
arrangedinacompleterandomized design. Eachtreatment
wasreplicated threetimeswith 1 micro-plot/replicate (3
micro-plots/treatments).

RESULTS

Efficacy of EPNs against neonates of Oryctes
rhinoceros grubs

Of thetwo nematode speciestested, S. car pocapsae
and H. indica were able to kill the neonate grubs of
Oryctesrhinocerosin the 3 different exposuretimesin
our study. S. carpocapsae caused the highestmortality
toneonategrubsof rhinocerosat all threeexposuretimes
(Fig. 1). The per cent mortality (+ standard error)
following exposureto S. carpocapsaein concentrations
of 50t0 2501 Jsnematodesper host ranged from 6.7 +1.3
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t040.0+1.3 after 48 h, from44.4+ 2.7t0 71.7 £ 2.7 after
72 h and from 75.6 £ 1.5 to1l00 after 96 h. The
corresponding LCBOand choval ues were 342, 75,22,
1879, 1493 and 1361 Js per grub, respectively (Fig. 1and
Tablel). Withincreasing concentrationsof H. indicathe
mortality of neonate grubs showed a good response,
even though we could not find 100% mortalityat any
concentration or exposure times(Fig. 1). The LC_, and
choval uesafter 48, 72 and 96 hcalculated for H. indica
were 394,116,28, 1670, 445 and 224 |Js per grubs,
respectively.In general, the data suggested rhinoceros
beetle grubs to be highly susceptible to two nematode
Species.

Analysis of variance showed that neonate grub
mortalityof O. rhinoceros was significantly (P< 0.05)
influenced by theconcentrati on of nematode suspension
(F=270.89; df=5, 72; P<0.0001), nematode species (F=
17.03; df=1, 72; P<0.0001), exposuretimes (F=391.49;
df= 2, 72; P < 0.0001), interaction between exposure
times andconcentration of nematode suspension (F=
18.51; df= 10, 72; P<0.0001). Interaction between
concentration of nematode suspension, nematode
speciesand exposure times (F= 0.09; df= 10, 72; P <
0.9998), concentration of nematode suspension and
nematode species (F=0.81; df=10, 72; P <0.5441) and
theinteraction between nematode species and exposure
times (F= 0.13; df= 10, 72; P<0.8824) did not
havesignificantinfluenceontheneonategrub mortalityO.
rhinoceros.Therewasno mortality in control treatment.
In general percent mortalityof neonate grubs showed
significantly (P<0.05) morewithincreas ng concentration
of nematode suspension (Fig. 1).

Efficacy of EPNs against 3¢ instar of Oryctes
rhinoceros grubs

Of thetwo nematode speciestested, S. carpocapsae
and H. indica, ingeneral 3“instar of O. rhinocerosgrub
percent mortality showed significantly (P< 0.05) more
with increasing nematode concentration (Fig. 2). The
effect of nematodes were found to be significant (P<
0.05) ongrub percent mortal ity among theconcentration
of nematode suspension (F= 224.09; df= 5, 72;
P<0.0001).The analysis of variance showed
significantdifference for DAT(F= 59.08; df= 2, 72;
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Fig. 1. Percent mortality (mean + standard error) of neonate
grubsof rhinocer os beetle at different concentrations of the
entomopathogenic nematodes Steinernema carpocapsae
andHeterorhabditisindica after exposureto48, 72 and 96 h.
Thegrubswereindividually exposed to nematodesin 25-ml
cups with semi-decomposed vermicompost.There was no
control mortality. Different letterson the top of error bars
indicates statistically different values for different 1J's
inoculation ratesat (P A 0.05) using Tukey’test. Error bars
indicate standard error (n=3)

P<0.0001). Theanaysisof variancerevea ed asignificant
two-way interaction between nematode concentration
and DAT (F=3.48; df=2,72; P<0.0009). Significant (P<
0.05) differences have been determined between
exposuretimesas an average grubs mortality for the 5™,
8" and 10" day was 28.50, 37.18 and 46.70 %,
respectively. While, significant differences have not
been determined between nematodespecies. I rrespective
of theDAT anaverage 38.46 and 36.46% grub mortality
was recorded, when grubs were inoculated with S.
carpocapsae and H. indica, respectively. There was no
mortality in control treatment (Fig. 2).
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Fig. 2. Percent mortality (mean + standard error) of 3instars
of rhinocer os grub speciesat different concentrationsof the
entomopathogenic nematodes Steinernemacar pocapsae and
Heterorhabditisindica after 5, 8and 10 days after treatment
(DAT). Thegrubswereindividually exposed tonematodesin
250-ml cups with semi-decomposed vermicompost. There
wasno control mortality. Different letter son thetop of error
barsindicates statistically different valuesfor different I1J's
inoculation ratesat (P A 0.05) using Tukey’test. Error bars
indicate standard error (n=3)

Efficacy of EPNs against 3¢ instar of Oryctes
rhinoceros grubs in micro-plots.

Grubmortality variedsignificantly amongobservation
DAT. Five days after treatment, the highest mortality
64.4%, was recordedin the highest dose (20 lakh 135/
grub) of S. carpocapsae. Ten days aftertreatment, the
highest mortality was with S, carpocapsae 82.2%,
recorded at the highestdose. Fifteen daysafter treatment
both species killed more than 90% of 3 instar of O.
rhinoceros grubs (S carpocapsae 97.7% at 20 lakh
1Js/grub; H. indica93.3% at 20 lakh 135/ grub) (Fig. 3).
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As expected, O. rhinoceros mortality increased with
nematode concentration.Significant differences in
mortality werefound amongthedifferent concentrations
tested (F= 1012.81; df= 2, 36; P<0.0001) and DAT(F=
91.76; df=2, 36; P<0.0001), but therewasno significant
difference in mortality between two nematode
species.There was a significant two-way interaction
between nematode concentration and DAT on grub
mortality (F=28.76; df=4, 36; P<0.0001).Therewasno
mortality in control treatment (Fig. 3).
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Fig. 3. Percent mortality (mean £ standard error) of 3dinstars
of rhinocer osgrubinamicro-plot assay after exposur etotwo
concentrations of the entomopathogenic nematodes
Steinernema carpocapsae and Heterorhabditis indica at5,
10and 15daysafter treatment (DAT). Therewasno control
mortality. Different letterson thetop of error barsindicates
statistically different values for DAT at (P A 0.05) using
Tukey'test. Error barsindicate standard error (n=3)

DISCUSSION

The present investigation presents the first data on
the susceptibility of rhinocerosgrubsto S. carpocapsae
and H. indica. The use of chemicals also disrupts the
earthworminthevermicomposting units, whichisoneof
the major reasons for seeking alternative control
measures. In contrast, EPNsareableto crawl intohiding
places after their hosts. Vermicomposting units are
considered asamost favourabl e nichefor enhancing the
infectivity, survival persistence of EPNs, as these
environmentsminimized nematodedesthfromultraviol et
radiation and desiccation (Poinar, 1990).
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Both S. carpocapsae and H. indica were caused
the moderate mortality in neonate grubs at 48 and 72
after exposure and S. carpocapsae had the lowest LC_|
value at all exposuretimeswhen compared to H. indica.
Theefficiency of anentomopathogenic nematodeagai nst
agivenhost partlydependsonthehost-finding ability and
the penetration capability of theinfective juveniles
(Ishibashi & Kondo, 1990; Peters & Ehlers, 1994).Our
study clearly showsthat thevirulenceof entomopathogenic
nematodes is not affected by interactionsbetween
nematode speciesand exposuretimes; i.e., thevirulence
of the nematode speciesis not differed relative to each
other among hoursafter inocul ation. Based onvirulence
capacity our results indicate both nematode species
caused highest mortality with increasing concentration
of nematodes and exposuretimes (Fig. 1). Host defence
resulting in the encapsulation of entering nematodes
(Peters, 1994) also affects susceptibility, but is often
prevented by increasing nematode invasions (Peters &
Ehlers, 1994). Thismay explaintheincreased mortality
observed in neonate grubsfor both nematode species at
prolonged exposure times. Increasing numbers of
infective juveniles can be expected to have found and
entered the hosts (Epsky & Capinera, 1993).

Our study showsthat susceptibility of O. rhinoceros
to EPNs depends on the developmental stage of the
insect; the effect, however, varies with the nematode

species. Generally, S. carpocapsae and H. indica
caused significantly higher mortality of neonate and
third-instars. Neonate grubs were less susceptible to
both the nematode species than were third instars.In
comparing the efficacy of nematode species against
rhinoceros grubs, we could find that nematode efficacy
affected by rhinocerosgrublarval stage. Previousstudies
have also demonstrated that the virulence of EPN
depends on the larval stage of the host insect. For
example, Kowalska (2000) reported the higher
susceptibility of third-instars of the summer chafer,
Amphimallonsolstitiale L. (Coleoptera: Scarabaeidae)
to S glaseri when compared with the second-instar.
However, in some cases first or second-instars were
foundto bemoresusceptiblethanthethird-instar (DeseGet
al., 1990; Leeet al., 2002; Koppenhdfer & Fuzy, 2004).
A decrease in susceptibility from Anomalaorientalis
second to third instars has also been observed for
Heterorhabditis sp. (Gyeongsan isolate), S.
carpocapsae, S. glaseri, and S. longicaudum (Lee et
al., 2002). Grewal et al. (2004) observed higher
mortality of second instar than in third instar P.
japonica with H. bacteriophora (GPS11 strain) (54—
97 vs. 34%).

The greater capability of S. carpocapsae compared
toH.indicainkilling neonate grubsof rhinocerosbeetle
as demonstrated in our study might be explained by

Table1l. Mean number of nematodes required to cause 50% (LC,) and 90% (LC,) mortality in neonate grubs of Oryctes

rhinoceros.

Nematode species LC50 95% FL LC90 95% FL Slope+ SE Goodness of fit test
Xz P> X2

48 hours' exposure

S. carpocapsae 342 243-812 1879 798-21715 1.73+£043 16.06 <0.0001

H. indica 3 277-91 1670 755-16190 2.04+0.51 16.04 <0.0001

72 hours' exposure

S. carpocapsae Ia) 19112 1493 525-33489 1.0+0.34 8.16 0.0043

H. indica 116 35221 4445 864-321478 0.81+0.34 5.58 0.0181

96 hours' exposure

S. carpocapsae 2 340 136 99-231 1.62+0.44 13.14 0.0003

H. indica 28 4-49 224 156-574 1.42+0.40 1282 0.0003
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foraging strategies of nematodes. Ambush foragers are
more effective than cruise foragers at finding resources
with high mobility. Neonate grubs of rhinoceros beetle
aremobile, and ambush foraging strategy islikely to be
the most effective for finding thishost. In our assays, S
capocapsae, whichexhibitsaambusher foraging strategy
(Campbell & Gaugler, 1997; Grewal etal., 1994; L ewis,
2002), performedwell ascomparedtoH.indica. Whereas
percent mortality of 3 instar rhinoceros was not
significantly influenced by the nematode species.
However, Heterorhabditid 1Js have an anterior “tooth-
likestructure” that coul d enabl eenhanced penetration of
larval cuticle (Bedding & Molyneux, 1982).
Heterorhabditidsal so generally search for their hostsby
movingthroughthesoil matrix withwhat isreferredtoas
a “cruiser” foraging strategy whereas some
steinernematid species (e.g., S. carpocapsae) are much
less mobile and use an “ambusher” strategy (Campbell
& Gaugler, 1997; Grewal et al., 1994; Lewis, 2002). 3¢
instar rhinoceros are immobile and stay in the manure/
vermicomposting pit for long periods, and a cruiser
foraging strategy is likely to be the most effective for
finding this host. In our assays, S capocapsae, which
exhibits a ambusher foraging strategy (Campbell
& Gaugler, 1997; Grewal et al., 1994; Lewis, 2002),
performed well as compared to the heterorhabditids but
S carpocapsae, which has not proven to be effective
against other beetlegrubsin similar habitats, performed
good. Thus, adifferencein foraging strategy isunlikely
toexplainall of our results.

Thehigher concentrationsprovedtobemoreefficient
inour experiment, however boththenematodespeciesin
thepresent research showed sufficient efficacy to neonate
grubsat lower concentration doses. Based on our current
findings, we conclude that the activity of EPNs is
influenced moreby theinsect life stagesthan numbersof
nematodes applied. The minor role of the nematode
concentration can be explained by the fact that only a
few invasive nematodes need to penetrate an insect host
inorder tokill it (Bednarek& Nowicki, 1986).

Our finding that two species of EPNs demonstrated
themoreor lesssimilar resultsin neonate grubsat lower
concentrationsaswith higher concentrationsin 3instar
grubs, gives these biocontrol agents in integrated
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agriculturebetter prospectsfrom an economical point of
usage, asthecost of plant protectionisclosely connected
to the quantity of the applied EPNs.However, it isalso
important to note that results from laboratory tests are
not alwayscomparabletofieldtesting (Cantel o& Nickle,
1992) asthefunctioning of EPNsintheopenisinfluenced
by an extensivelist of factors. In onerelevant study, the
100 % efficacy rate of S. carpocapsae in controlling
Colorado potato beetle adults, pupae, and larvae in the
laboratory manifested as only a 31 % reduction rate in
thispest popul ation when thetest wasrepeated outdoors
(Stewart et al., 1998). Some research has also shown
that with proper application techniquesand right timing
asregardstheinsect developmental stage, we can reach
almost the same results as with the use of insecticides
(Schroeret al., 2005).Nematode applications may have
to betimed accordingly for optimal efficacy.
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