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ABSTRACT

Thelarvae of G. mellonella obtained from honey combs were successfully grown
to adult on newly developed artificial medium in the laboratory. Generations of
the moth were grown and maintained on the artificial medium. The larvae were
used as bait to trap entomopathogenic nematodes from the soil. The nematodes
isolated were identified as Seinernema species based on their morphology. The
pathogenicity of the nematodes was tested after storing themin water for three
and six months respectively. It was observed that the ability of the nematodes to
kill the larvae reduced with increase in the period of storage. Nematodes stored
for six months killed only 20% of larvae treated while that stored for three
months killed 40% of larvae treated. Death of the larvae occurred within 24
hours for freshly harvested infective juvenile nematodes while it took 72 hours
for nematodes stored for three months and 168 hours (7days) for those stored for
6 months. The nematode-bacteria complex isolated has a potential for use as a
biological insecticide.
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INTRODUCTION
Chemical insecticides are used widely by farmersin Nigeriato control insect pests of
agricultura importanceboth onthefid dsaswell aswhileinstorage. Thechemicd insecticides
haveavery widerangeof action killing both pestsand beneficia insectssuch aspredators,
parasitoidsand pollinators. They a so contaminatethe environment in addition to causing
human health problems and pest resistance and resurgence. Apart fromthis, they also
haveresidual effect inthe soil and have been reported to cause extensive pollution of
ground water aquifers. Biological control of insect pest helpsto reducethe dependenceon
chemical sand re-establishing the bal ance between pestsand their natural enemiesinthe
environment. Bacteria, fungi, ricketsiaand viruses have been incorporated in integrated
pest management systems. Commercia controlsof insectsusing bacteriahave advanced
over theyears. Themost important species of bacteriaemployed ininsect control arethe
sporeforming bacilli. Insectsof the group diptera, lepidopteraand coleopterahave been
successfully controlled by the use of Bacillusthuringiensisand B.shpaericus (Burges
1982; Aronson, Beckman and Dunn, 1986, Owuama2001). These bacteriaproducea
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crystal protein (_” endo-toxin) during sporulation. Susceptibleinsect hostsarekilled after
ingesting thetoxin (Knowleset al., 1989; Owuama2001). These bacteriacause passive
infection hencetheir use asbiological insecticidesare greatly reduced. A more potent
group of bacteriaXenorhabdus and Photor habdus specieskill their insect hostswithin
24-48hrsusing an activeinfection. Thesebacteriaare carried into their susceptible hosts
by their entomopathogenic nematode symbionts(Gaugler and Kaya 1990; Bedding, Akhurst
and Kaya, 1993; Owuama 2001). An understanding of thelife cycle of the nematode-
bacteriacomplex will help usunderstand themode of action of the complex asabiologica
insecticide. Theinfectivejuveniles(third-stage nematodes) areingested by the host and
enter the hemocod by penetrating directly throughthemid gut.

The nematode may also enter the host through the anus, spiraclesand penetrate
thetracheae (Shapiro-1lan and Gaugler, 2002, Bedding, Akhurst and Kaya, 1993). Inthe
host hemocoeal, the nematodesrel easetheir bacterial symbiontswhich multiply andkill
the host by septicemiawithin 24-48 hrs (Akhurst, 1982; Akhurst and Boemare, 1990;
Morganetal., 1997). The nematodesfeed on the Xenorhabdus or Photorhabdusbacteria
and the host tissues. The nematodes devel op rapidly to the adult stage, mate and produce
eggs. Assoluble nutrientsin the cadavers are depl eted, the progeny of the second and
third generationsdeve opintoinfectivejuveniles, which exit fromthecadaverscarrying the
bacterial symbiont to seek new hosts (Poinar, 1990; Bedding, Akhurst and Kaya, 1993).
Inthelaboratory, infectivejuvenilesexit fromthehost in 8-14 daysafter infection. This
natural migration of infectivejuvenilesaway from the carcassto searchfor new hosisinthe
environment has a so made the use of these nematode-bacteriacomplex avery successful
and reliabl e bioinsecticide. Nematode-bacteriacomplex haveanumber of advantagesfor
useashio-insecticides. They haveawidehost range hence can be used to control numerous
insect pests such asManduca sexta (Ribeiro et al., 2003), Pierisbrassicae (Sergent et
al., 2003), South Ameriacan leaf miner, Liriomyza huidobrensis (Willliam and Walters,
2000), and the Oriental fruit moth, Grapholita molesta (Ekaterinaet al., 2006). The
bacterial symbionts (Xenorhabdus or Photor habdus species) of the nematodes produce
toxic proteasesand enzymeswhich areused to kill their insect host within 24 hours. The
nematodes have an efficient host seeking ability. Both the nematodes and the bacteriacan
begrown on artificial mediathusencouraging commercia production. Infective stage of
nematodesisdurable, canlivewithout nourishment and withstand widetemperatureranges.

The nematode-bacteriacomplex hasthe advantage that the susceptible hosts
apparently have no natural or acquired resistance to Xenorhabdus or Photor habdus
species. Neither the nematodes nor their symbiotic bacteriaare pathogenic to humans
(Shapiro-llan and Gaugler, 2002). A number of products based on nematode-bacteria
complex areavailablecommercialy in partsof Europe, Americaand Africaand havebeen
used successfully to control insect pestsof agricultural importance (Shapiro-llanand Gaugler
2002; Nguyen et al 2006; Grewal and Peters, 2005). Farmersin Nigeriadepend largely
on chemical insecticidesfor pest control in spite of the dangersthey pose on human and
animal health aswell asontheenvironment. Thisresearchisthereforeaimed at isolating
nematode-bacteriacomplex withapotential for useasabiological insecticide.
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MATERIALSAND METHOD

| dentification of Susceptible Insect Hosts: Honey combs were obtained from bee
keepersin Girel local government areaof Adamawa State. Thehoney combswerekeptin
aerated wide mouthed plastic jugs (10 liters) and kept in a dark cupboard at room
temperature (28-34UC). Thelid of the plasticjug wasperforated to alow for air ventilation.
A piece of cotton net was placed over the mouth of the jug before covering with the
perforated lid. Thiswasdoneto prevent the escape of thelarvaefrom the container. The
combswereexamined for emergence of Galleriamellonellalarvae (Greater wax moth)
over aperiod of two weeks (Dewey 1992).

Rearing of Larvae: Thelarvae obtained from the honey combswere alowed to develop
into adult mothsin the aerated plasticjugs. Adult moths emerged and were maintained on
amodification of theartificial medium described by Pinyon et al., (2000). The medium
comprised wheet medl (200g), Cerdlac ahigh protein baby cered (Nestle) (250g), glycerol
(150ml), honey (150ml), Kunimed yesst (2g), and the contentsof ten multivitamin capsules
(Supradyn, Roche). Theingredientswere mixed properly and used to sustain various
stages of devel opment of theinsect.

| solation and Storage of Nematodes: The nematodeswereisolated from soil samples
by amodification of theinsect baiting technique (Mracek, 1980; Kayaand Stock, 1997,
Mracek and Becvar, 2000). Five last instar larvae of Gmellonella were placed in a
250ml conicd flask containing damp soil obtained from cultivated farmland inthe University.
Theflask was covered with cotton net and turned upside down and kept inthe dark at
room temperature (28-34UC), for 7 to 9 days. The soil was examined daily for dead
larvae which were removed and placed in amodified White trap (White, 1927) for
subsequent emergence of infective juvenile nematodes. The nematodes obtained were
stored in water temporary at room temperature and used to infect fresh larvae of G
mellonellainaPetri dish. ThePetri dish waslined with Whatman filter paper andinfected
withinfectivejuvenilenematodesusing asml pipette. A control experiment comprising of
another Petri dish containing fresh livelarvae of G mellonella and steriledistilled water
wasalso set up. The plateswereincubated at room temperaturein adark cupboard for
two days.

| dentification of Nematode Genera: The nematodes isolated were identified using
physica characteristicsof nematodeinfected insect (Kayaand Stock, 1997). They reported
that larvaeinfected by heterorhabditid nematodesusud |y turned brick red in colour while
larvaeinfected with steinernematid nematodesturned brownish-yellow in colour. Light
microscope with photographi ¢ attachment (Olympus) was used to identify the nematodes
morphologically and photographs of heat fixed and live specimensweretaken using the
%400 magnification (Dix et al., 1992; Kayaand Stock, 1997; Luc et al., 2000).

| dentification of Bacterial Symbionts: The nematodesisolated from soil wereusedto
infect fresh Galleria mellonellalarvae. Dead |arvae were removed and stored for seven
daystodlow for thedevel opment of infectivejuveniles. Thelarvaewerethen Serilized by
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immersing themin 70% ethanol solution in apetri dish. Thelarvaewereremoved and
placed in another Petri dish and astrile needle was used to rupturethem (Mahar et al .,
2004). Theinfectivejuvenileswhererinsed in atest tube containing ringer solution and
werelater rupturedin fresh ringer solutionin atest tube using aglassrod. It wasthen
alowedto stand until it sedimented. Excessringer sol ution was decanted and the sediment
streaked onto nutrient agar bromthymol blue (37g nutrient agar, 25mg bromothymol blue
powder and 1000ml distilled water), nutrient agar, and MacConKey agar plates. The
plateswere seal ed with masking tape and incubated at room temperature (28-34UC) in
thedark for 48 hours (Akhurt, 1982; Molina-Ochoaet al., 2000).

Test for Pathogenicity: The nematode-bacteriacomplex stored in water for threeand
six monthsrespectively wasused toinfect atotd of fifteenlarvaeof G mellonella. A 5mli
Pasteur pipette was used to transfer the nematode-bacteriacomplex to aPetri dish lined
with wet filter paper. The dish was kept in adark cupboard at room temperature and
observed at 24 hour interva for the death of Gmellondlalarvae (Maher et al., 2004). A
control was set up using aPetri dishwith distilled water only with larvae of G mellonella
placedinit.

RESULTSAND DISCUSSION

I dentification of GalleriaMéllonella: Thelarvae of G mellonella (greater wax moth)
emerged from honey combs about two weeks after they were placed in the agrated jugs.
Theemerging larvaewereabout 0.1 cminlength and whitishin colour. They turned light
grey asthey grew older. Thelarvae grew to about 2.0cmin length after 14daysbefore
pupating. Thelarvaeusualy shied away fromlight and left atread of slk dongther trail as
they crawled from one placeto another. Two weeks after emergencefrom the eggsthe
larvae created boat shaped cocoonsinto whichthey pupated. Adult mothsemerged about
two after pupating. Thewholelife cycletook about one month to completein the honey
comb. Adult femalemothsaredifferent from themaemoths. Adult femal eswere observed
to be bigger than the male moths. Thefemale mothswere dark grey in colour whilethe
malemothswerelight grey in colour. Thewingsof themothsfolded likearoof over their
body. The male moths have a scall oped front wing margin whilethat of thefemaleis
smooth. Theadult mothshave apair of antennae and three pairsof walking legs. These
observationsare cons stent with those of (Dewey, 1992).

Maintenanceof G Méellonellaon Artificial M edium: Adult mothswere handpicked
from the honey comb and placed on theartificial medium. Thefemaemothslaid eggson
apieceof crumbled paper placed in the container. However some of themoth laid their
eggson the cotton net used to cover themouth of thejug. Themothsdied afew daysafter
egg laying. Thelarvae emerged from the eggsand continued feeding on the artificial
medium. Asthelarvae burrowed through the medium, they spun silk threadswithinwhich
they usually rested. Thesilk spun by thelarvaeformed anetwork within themedium and
seemed to bind themediumtogether into afirm cons stency which resembledtheir origina
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honey comb home. Whenthelarvae reached prepupastage, some crawled away fromthe
medium and spun boat shaped cocoonsin which they pupated. The external features
devel oped and imago moths emerged.

| solation and I dentification of Nematodes: Nematodeswere obtained from only three
of thefifty larvae used asbait. A suspension of the nematodeswas used to infect fresh
larvaeof G mellondlainaPetri dish. All larvaein Petri dish containing nematode suspension
died withintwo daysbut all larvaein the control plate (without nematode suspension)
pupated within the same period (table 1). A parasitized larva opened three days after
infection reveded infectivejuvenilenematodesat variousstages of development. Bothlive
and heat fixed nematodes were observed under alight microscope with photographic
attachment. Third stageinfective juvenile nematodes have bodiesthat smoothly taper
towardsboth ends. Thetail tapersto afindly pointed terminus (plates 1and 2). Nematodes
stained with methyleneblue on aglassdiderevea ed asecond stage cuticle of aninfective
juvenile hanging loosely from the body which isacharacteristic of Seinernema species
(plate 3). Theinfectivejuvenilesusually coiled up when they areresting and unfolded
gradually when disturbed (plate 2). First generation malesof Seinernema specieshave
their body dightly swolleninthemiddlieand hest killed specimensof thefirst generation
mal e of Seinernema species assumed a C-shape or a J-shape (plate 4). Adult female
Seinernema speci es have ablunt posterior end (plate 5) whilethat of Heterorhabditid
speciesisknown to have apointed posterior end.

| dentification of Bacterial Symbiont: Thebacterial coloniesobtained from ruptured
nematodes and placed on nutrient agar, showed a characteristic swarming ability of
Xenor habdus species. Colonies on nutrient agar impregnated with bromothymol blue
adsorbed the dyefrom the medium and turned blue. Coloniesgrown on Mackonkay agar
appeared green. Gram stain reveal ed gram-negative rods and biochemical testsrevealed
that the organism was catal ase negative, citrate negative, indole negative and methyl red

negative.
Pathogenicity Testing

Nematode-bacteria complex: After threeand six months of storageinwater at room
temperature, the pathogenicity of the nematode-bacteriacomplex wastested. Fresh larvae
of G mdlondlaweretreated with freshly obta ned and stored nematode-bacteriacomplex.
Duringthefirst 24 hoursof treatment with freshly harvested nematode-bacteria, most of
thelarvaedied pilling up on each other inthemiddle of the Petri dish (plate 6). During the
next 24 hours, two morelarvaedied and four pupated. Two weekslater three adult moths
emerged and one of the pupawasnot viable (table 1). Larvaetreated with nematode-
bacteria complex suspension (stored for three months) however, exhibited different
characteristics. About fifteen larvae were treated with three-month old nematode-bacteria
complex. Two larvae died each day for three consecutive days. About nine of thelarvae
pupated but only five adult mothsemerged. Four of the pupaewerenot viable (table 1,
plates7 and 8). All larvaein the control plate pupated and adult mothsemerged.
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L arvaetreated with nematode-bacteriacomplex sugpension (stored for six months) showed
areduced pathogenicity asnoneof thelarvaedied until oneweek after treatment with the
nematodes. Only three of thelarvae died, twelve pupated, seven emerged and fivewere
not viable (table 1). The nematodeswereisol ated from cultivated mai ze and cowpeafield
at theModibbo AdamawaUniversity of Scienceand Technology, Yola, Adamawa State
(aNorth-Eastern State of Nigeria). They wereidentified as Steinernemaspeciesbased on
morphological characteristicsasdescribed by (Dix et al., 1992; Kayaand Stock, 1997
and Lucet d., 2000). The percentage recovery of enthomopathogenic nematodesfrom
thefifty larvae used asbait was6%. Thiscould beduetolow adaptationto newly introduced
host. Thisfinding isconsistent with thereport of Fan and Hominick (1991), wherethey
recorded low infectivity of G mellonellaused asbait for nematodesin the soil.

In this study it was observed that nematodes stored in water have a reduced
infectivity compared to freshly harvested nematodes. Thismay be dueto the storage
conditions such astemperature and aeration aswell asmedium of storage (Shapiro-llan
and Gaugler, 2002). For example (Shapiro-Ilan and Gaugler, 2002) showed that the shelf
lifeof thenematode-bacteriacan beimproved by reducing their metabolism and immohbilizing
them through refrigeration and partial desi ccation whichwe could not try dueto limitations
inthefacilitiesavailable. Table 1 clearly showsstored nematode-bacteriacomplex havea
reduced pathogeni city compared to freshly harvested organismswhich killed most of the
larvae within 48 hours. Apparently, the storage affects the pathogeni c determinants. The
dead larvae pilled up on top of each other (plate 6). The reason for the dead larvae
sticking together isnot clear but may suggest exudation of chemical attractantsapparently
distresssgnd s/soschemicasby thedying larvaethat attractsotherstowardsit. Nematodes
stored for threemonthskilled thelarvae dowly and only afew of thelarvae (20%) were
killed and most pupated (80%). But of the number that pupated only (33%) wereviable.

Theinability of the pupaeto develop toimago may beareflection of adeclinein
pathogenicity asthe stored complex isyet to re-establishin the host. However, nematodes
stored for six monthsin water took oneweek to kill only three out of thefifteen larvae
(20%) treated showing afurther reductionin pathogenicity with ageof storage. Thisindicates
that pathogenicity decreaseswithincreasein Sorageperiodinwater. Thisresultisconsstent
with thereport of Shapiro-1lan and Gaugler (2002), that thereisareductionintheability
of nematodesstored inwater to infect insect hostscompared to freshly harvested nematodes.
Theisolated bacteria symbiont wasidentified as X enorhabdus speciesbased onitscolonid
characteristicson nutrient agar and their ability to adsorb the dye, bromothymol blueon
nutrient agar bromothymol blueplate (Akhurst 1982). The organismwasa sofoundto be
gram-negativerods, catal ase negative, citrate negative, indole negative and methyl red
negative. Theseare cons stent with the characteristicsof X enorhabdusspp. (Akhurst 1982;
Mahar et d., 2004). From theforegoing therefore, the nematode-bacteriacomplex isolated
and studied hasthe potential for useasabiological insecticide. It isthereforeimportant to
identify theseorganismsat their specieslevel. Itisasoimportant to search other fieldsfor
the presence of new nematode-bacteriacomplexesand aso study their potentia to control
insect pests. Thisresearchisthefirst timein Nigeriathat nematode-bacteriacomplex will
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beisolated. The organismswere used to kill larvae of G. mellonellain the laboratory
thereby establishing its potential for development of abiological insecticide based on
nematode-bacteriacomplex.

Plate 1. (Top left): infective juvenile nematode assume J-shape when resting. (Bottom
right): Infectivejuvenileinmotion.

Pae2. (Topleft): Infectivejuvenilecoilsupwhenresting. (Bottomright): Infectivejuvenile
unfold when disturbed.
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Plate 3. Slide of an infective juvenile stained with methylene blue. The arrow shows the loosely
hanging sheath of the third stage infective juvenile, a characteristic of Seinernema species

Plate4. Slide of heat fixed first generation male of Steinernema speci es stai ned with methylene blue.
The arrows show its swollen middle which is a characteristic of Steinernema species

Plate 5. Adult femal e of Seinernema species. A showstheanterior end and B showsthe
posterior end
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Plate 6: Larvae of G. mellonellatreated with freshly harvested nematod;ﬁ Dead larvaepileupinthe
middle of the Petri-dish whilelivelarvae roam the edge

Plate 7: Larvae of G. mellonellainfected with nematodes stored for three months. Larvae pupated at
the edge of the Petri-dish and dead larva at the middle.

Plate 8: Dead larvae transferred from plate 7 and placed on a petri-dish lined with wet filter for
emergence of infectivejuveniles.
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Plate 9: Nematodeinfected larvae pupated but no adult moth emerged.

Table 1: Effect of fresh and stored nematodes on G. mellonellalarvae over aperiod of 7 days

Larvae mortality/day  pupae nonviable adult moths total

No. of days 12 3 7

Distilled water - - - - 15 - 15 15

Fresh 1Js 92 - - 4 1 3 15

Stored 1Js (3 months) 22 2 - 9 4 5 15

Stored 1Js (6 months) - - - 3 12 8 4 15
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