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IETRODUCTION

Cashew (Anacardium cgcidentsls L.) is one
of the most important nut crops of the world. Cashaw

is cultivated in India over sn extent of 5.1 lskh ha.
The produce from the crop earned a foraign exchenge
worth i, 334,11 crores in 1987-88,

One of the msjor ccnstraints in cashew
cultivation is the sttack of pests, most importent of
which in the cashew stem borer (Plocasderus ferrugineus L.).
This pest was first reported by Ayvar (1932). It has
now been recognised as the moat destructive peat of
cashew, killing productive trees cutright, Pillai et al.
(1976) reported 4-10X% loss due to this pest alone, the
{pfcatation being more seavers in old and.ncglcct-d

plantotions,

Typical syrptoms of atteck include presence of
snall holes in collar region, gurmosis, extrusion of
frass through holes, ysllowing of leaves, drying of twige
and finally death of trees.




The adult insect is s medium sized reddish
brown longicorn bsetle. Eqgge are loid con 1o0se bark
and exposed rcots of trees. Grubs hlﬁch cut, bore
into fresh tissuas and feed on sub-epithelial tissue
meking irregular tunnels. The tunnels ares fully pecked
with fress and fibfaul tissue. Damage to the vascular
tissue check ascent of plant ssp end the tree gradually
dries. Fully grown grubs descent to root gzone through
tunnels, reaching & suitable root and there form a
chazber £illed with frass and fibrous tiscue for the
construction calceercus coccocn. The eggs hetch in
about 4-6 days and larval periocd is 6«7 months. Pupal

period normslly renges from 2-3 months.

Attempts to control this notoricus pest including
insecticides have not been Gquite successful. The lack of
external sysptoms in Fho initisl stages of infestation,
concealed habits of the grubs inside the trunk snd roots
&nd the tight £illing of the galleries with frass snd
excreta are scme of the factors that render insecticidel
control extreriely difficult. Alternative zethods of
cantrol using bioclegical or other means will therefore
be very ideal against the stem borer,



Plate 1. Yellowing of the foliage due to stem
borer attack.



Plate 3. Gummy exudation of the tree as a result
of the attack.

Plate 4. A tree completely dried up followir

the attack by ferrucrilnens



Plate 5. Different life stages of P™ ferruaineus
1--egg; 2 - 1st instar larva 3 - 2nd Instar
larva; 4 - 111 instar larva; 5 - 1V instar
larva; 6 - V iInstar larva; PP - Pre pupa
P - Pupa; A - Adult



Reo ot 81, (1979) recoomendsd adoption of an
integrated spproach for the control of the pest. Pilllai
ot al, (1976) reported that the nematode DD-136 recorded
60 per cant mortelity of P. ferrugineus at an inoculum
rate of 100 nemas per ¢ body welight of grubs, The present
study aims et exploring further, the possibility of using
tha entomogencus nematcde, Heosplectana carpccspsae for

controlling the cashew stem borer. The following are the

cbjectives of the study:

1. To find cut the optimum nematode load
regquired to bring out mortality of the different larval
stages (grub instars) of the insect pest.

2. To work cut the pericd required for cobtaining
maximum percentage of mortality of the larval stages.




Review of Literature



REVIEW OF LITCLRAIURE

The nematcde, Necaplectana carcpocspsae

{Steinecnematidee 3 Rhabditida) was first described by

Welser from codling moth larvae (Laspeyresia pononells L.)

collacted from Czechoalovekia, At the same time, Dutky

and Hough reported a gimiler =zpecies from the codling moth
larvas collected from United Statem, designating 1t by

lta accession number DD-136. The resultant confusion in
taxonowy of the nemstode prevailed for quite some time.
Schmiege (1964) on the basis of hls studies on the morphology
of DD=]136 nematcede oplned that Db-136 could probably be

N, carpocapsae. Foinar (1967) through hybridization

experiments showsd that both the nematodes would interbreed

and that they are twoc stralns SF N. cerpocapsae.

The morphology and bionomics of N, carpocapsee

has been studied in great detoil by Welmer (1955),
Schwlege (1964), Folnar (1967) and Stenuszek (1974) end

has been reviewed by Foinar (1971, 1979), Geugler (1981)
and Wouts (15284).



2.1.1 Description

According to Poinar (1967) the cuticle of the
pematcde is very smcoth, the head sliightly rounded and
lips united. There sre six ocuter cephelic paplllas and
six inner labial papillae. Tha pharynx is muscular and
the anterior region of procorpus is slightly expsnded.
¥Yets corpus is devold Of welves, and is follcowed by &,
bessl bulb. Excretory pore is:anterior te nezve ring.
The female may range in length' from less than 1 mm to up to
1.6 mn(schmiege, 1964), the size being dependent on
nutrient availsbllity. Sccond?and subsegquent generations
of females developing in host will be correspondingly smaller
in size. The female tsil is bluntly conicel to dome shaped.
A short spine at the tip is often observed. The fomale

nematode is amphidelphic with opposite reflexed ovarlies.(Fig.1A)

The male is smaller than fenale and has reflexsd
tastis. Spicules sre paired, symmetrical and curved.
A bursa is absent, The male tail has twenty three snal

paplllse. (Fig.1B)

The infactive stage {(third stage or dmuer)
Juvaniles measure about 400-600 sin. The oral and anal
¢penings are closesd. The pharynx and intestine are
cellspsed. The tall is pointed. (Fig.1C)



Fig.1

Life stages of Neoaplectana éhrpocapsae

A - Adult male B - Adult female

C - Infective juvenile |

E.p ~ Excretory pore Bt - Bacterial cells
Cu - Cuticle G.p - Gono pore

I - Intestine A - 'Anus




2¢1.1 Description

According to Poinar (1967) the cuticle of the
nematcde is very smcoth, the head slightly rounded and
lips united. There are six outer cephelic papillae and
six inner labial pspillae. Tie pharynx is muscular and
the anterior region of procorpus is slightly expanded.
Hets corpus is dovﬁid of wvalves, and is follcowed by &
beesl bulb. Excretory pore is anterior to’norv;k;ing.
The female may range in length fram less than 1 mm to up to
1.6 mm(schmiege, 1964}, the size being dependent on
nutrient availobility. BSecond and subsequent generations
of females developing in host will be correspondingly smaller
in ai.zo. The female tail is bluntly conical to dome shaped.
A short spine at the tip is often cbserved. The fomale

namatode is amphidelphic with opposite rafliexed ovaries.(Fig.1A)

The male 1z mrmaller than femzle and has reflexed
teatis. Spicules sre paired, symmetrical and curved.
A bursa 1s zbsent. The mzle tall has twenty three anal

papilise. (Fig.1B)

The infective stuge (third atege or dmuer)
juveniles measure about 400500 pme. The oral and anel
openings are closed., The pharynx end intestine are
collapsed. The tall is pointed. (Fig.1cC)



2+1.4 Descripticn

According to FPoinar (1967) the cuticle of the
nematcode is very sacoth, the heed slightly rounded and
lips united. There are six ocuter cephalic papillae and
six Ainner labial papiila-. The phorynx is ruscular and
the anterior region of procotpﬁl is slightly expandad.
Heta coxrpus 1s d-void of valves, and is follovwed br [ ¥
besal bulb. Excretory pore is snterior to nerve ring.
The femals wmay range in length from lees than 1 ma to up €0
1.5 mm (schmiege, 1964), the size being dependent on
nutrient oveilsbility. Second and subseguent gensrations
of females developing in host will Le correspondingly smaller
in size. The female tail i3 bluntly conical to dcms sheped.
A short spine st the tip is often cobserved. The female
nemato&clis amphidelphic with opposits raflexed ovaries.(Fig.13)

The male is szaller than femzle 2nd has reflesxed
testis. Spicules are paired, symetrical and curved.
ﬁ bursa is sbsent. 7The mele tall hes tuwenty three anal
papillae. (Fig.1B)

Tha infectiva stoge (third atage or dauer)
Juvaniles mcasure about 400-600 aiims The oral and anal
cpenings ere closed. The pharynx 2nd Intestine ere
collapsed. The tail is pointed. (Fig.1C)



Fig.1

Life stages of Neoaplectana carpocapsae

A = Adult male B = Adult female YA
C - Infective juvenile .
E.p -~ Excretory pore Bt - Bacterial cells
Cu - Cuticle G.p - Gono pore

I - Intestine A - Anus




2+1.2 Life cycls

The nematode has 2ix stages in its life cycle,
narely the egg stege, four juvenile stages and tha sdult
stage. The infective stege juvenlles are cepable of
entering the hosts through oral and anal copenings as well
as through spiracles (Triggiani end Poinar, 1976) as in
the case of large bodied 1nseqt| and adult lepidopterans.
Wouts (1984) ruled out the possibility of entry through
spiracles. Once inside,they reach the midgut, and
penetrste through the gut wali and reach the hlimocoul.
vhere they desvelop into parasitic third stzge juveniles
ard subsequently to fourth -t?go. Poinsr (1979) reported
that insect mortality occurred within 24 to 48 h after
inoculation, while Danilov (1980) in the case of Galleria
mellonella L. lorvee found that this periocd was 15 h at &

dosage of 5000 nemas per larva.

The nematodes continue thelr developmsnt inside,
even aféer host's death, into first gengration sdults,
These cdults mate and the females lay egys. The eggs hatch
and second generstion cdults ore produced vhich sre

smaller in size, for want of food sa vell as due to
crowding. The second generation adults give rise to

infective Juveniles wvhich emerge from depleted host into



tha environment, where thay can survive for long periods
in tha absencs of hoats, until thay encounter s nsw host.
2.1.3 Asscociated becterium

The first report of asscciation betwesn & bacterium
and [. coerpocopsas wes by Welser 4in.19S5. Dutcky (1959)

eleo geported this asscclation but 4id not attempt to
charscteriss the bacteria. FPoinay end Thomas (1965) described
the bacterium as Achromobsoter nsmetcnhilus and reported
that this bacterium was found in constant aszociation with
the nematode, atored in a pouch in the ocescphagoal ragion

by the infective ateges and released into the host hasmocoel.
The bacteriun was redescribed by Poinar and Thomas as
Xenorhabdus namatophilus in 1979, They are rod shaped,

gram negative, entcmopathogenic bacteris, vwhich occur in a
prinary form, ths most compon and a secondary form, which 1s
not as virulent as the primery form. %he secondery form is
not suited for nematoda mess production or biological control
purposes (Wouts, 1984). Tha bacterium was reported to bo
lethal vhen injectad into hasmocosl of wax moth larvaae,

even at a concentration of 2 to 3 cells per larvaee (Poinar

and Thomas, 1967).

Lysenko and Welser (1974) studiasd the microflora
associated with N. carpogapsse end reported thet the bacteria



Pgeudomonas maltophilia Hugh and Ryschenkow end

EXenorhebdus nematophilus both gchieved 100 per cent

mortelity of wax moth larvse five days after inoculsticn

in sssociation with N. carpocspsze, while axenic nematodes
incculaticn resulited in BO per cent mortslity, suggesting

a role for the nemetods other than that of being merely

a 1iving gyringe. %his was supported by FPolnar and

Thomaa {(1967) who reported that a single : - axenlc

nemotode could kill Gallsria mellonella larva, Burmon (1982)

reported toxin production by certaln developmentel stagen
of M. carpcceépase in axenlc cultures, which could kill

insecte or change their behaviour and physiology; The toxin
could kill insect lorvee within 20 h, The infectlive

Juvenilaes however, 4id not produce eny toxin.
2:1.4 Ecolegy

The success of DD-136 depends asa in the cege of
most micro-~crganisms used in biocontrol, largely on
environmentel fsotors. AMmong the envirommental f£actors,
tooperature and humidity have been shownhi to be the most
importent for nematode survival and infectivity. Tha effect
of texmpercture znd humidity as well as other ablotlc

coxpenants of environment have been well decumented,



of the nematcdes' originel localities. He also reported
parisitisetion of insects at t;mperaturol higher than
those permitting growth and regroduction. He 2130 reported
Aifferent tempersture limits for different streins of

He carpocopsas. Dunphy 2nd Webster (1986) reported

lawering of LT, valuea for the nematodes st higher

tunperatu:il.
2.1.4.2 Moisture

Lack of cdequate levels of humidity has, in most
caaei.‘bien inplicated as tha major reason for falluze of
DD=136 in controlling pests under field trisls., Thus
Jecques in 1967 asserted that desiccaticn was the reascn
for fallure of the nematode to.control leaf cating posts
of apple. Tha nematodesn sutfo;ed 100 per ceant moztality at
21°C snd 45 R when exposad fo} 8 h in the orcherd. Even
vhan exposed only for $0 minut;a. 72 per cent of tha
neaatodes had dled., When RH Q;s 30, even at 25°C, 100 per cent
rortslity of nematodes reaultea within 90 min,

The ability of H, carpocspsee to survive gradual

desiccation to levels baslow pormanent wilting point hes
bkaen damonstrated by Simons end Poinar (1973). The nematcdes
vhen exposed to greadually dect&aaing relative humidities,



of the nematodes' original locklities. He also reported
pcrinitigatian of insects st tenperatures higher than
those permitting growth end reoroduction. [Ha also reported
different temperature linits for different stralne of

8, carpocapsse. Dunphy and Webster (1986) reported

lovering of LTg, values for the nematcdes at higher

tlnperatuxés.
2¢1.,4.2 Moisture

Lack of sdegquate levelp of humidity has, in most
cases, baan irplicated sa the Major reason for £ailure of
DD=136 in controlling pests under field trials. Thus
Jacques in 1967 asserted that desiccation was tha reascn
focr failure of the namatode tc control leaf eating posts
of zpple. The namatodes suffered 100 per cent mortality at
21°C end 45 RH when exposed for S h in the orchercd, Even
vhen exposed only for 90 minutes, 72 per cent of the
nematodes had died. Vhen RH was 30, even at 25°C, 100 per cant
mortality of nematodes resulted within 90 min.

The ability of N, carpocspsae to survive gradusl

desiccation to levels balow pasrmanent wllting point has
besn demcnstrated by Simons znd Poinar (1973). The nsmatcdes
vhen exposed to gradunlly deacrsaning relative hunidities,



2eiefel Tenperzture

Schniege {1963) reported that temperatures
gbova 33°%C wvere detrimsntal t0 the nematodes. ¥Tnile
one hour exposure at 35°%C kilied quite & few nanatodes;
100 per cent mortality occurred at 41°C For the game
exposure period. That the tomperatura'’s influence is
largely modified by humidity is evident from the fact that
neratodes can be held in water st 50°C for several yezare

ithout any loss of infectivity.

Kaya (1977 a; 1977 b) studied the growth and
reproducticn at various tsmperatures and reported that
growth and reaproduction took ﬁlace only between 15°C and
30°C both in-vivo &nd in=vitro, with 25°C bedng the most
favouraed level., At 30°C, nematodes developed iuto adults
but d1a not reproduce, thereby reducing the chances of
utilisation of these nemptodez in cnvironmenta2 with

tenperatures above 30°C,

That temperature may @lso help the nemstode to

detect its host wes reported by Bysrs and Poiner in 1982,

Molynesux (198%) made an intercsting obaegrvation
that the temperature at vhich nematodes became inactive

vere by snd large determined ﬁy the climstic conditicns



showed more than 90 per ¢ent survivel et RH 79.5

per cent aven after 12 days and more than 89 per cent
survival, at RH of 48.4 par cent after four days

exposure. Besed on these results it was concluded that
Ahe nematodes could be best uéﬁliaed for zoll epplication
since the desiccaticn is qradual in that habitet as
against tﬁa desiccation taking place in sbove ground plant
parts. The inportance of molsture for nemstode efficlency
wes further stressed by Lindegren st »l. (1978) when
Eher'reportad 55 per cent mortelity of the navel oreange
wWOLm Paraggelois‘trannitnlla ﬁilker and 34 paf cant

reduction in damage coused in alimond trees under moist
canditioﬁs. when nematodes cculd survive for more than

10 days.

Sledzevskaya (1980) reported that for DD-136
nemztode to survive on frult trees, rainfell ghould occur
avery third day under Transcerpethla conditions, but in _
darp aéil of 14 to 20 per cent humidity nematode survived

the vwhole summer,

Agudelo 8ilva, Uindegren end Velerc (1988) reported
nemetode survival in slmonds in cool areas for long periods,

provided fH was adequate.



showed more than 90 per cent lurvifal et RH 79.5

per cent even after 12 day= and more than £0 per cent
survival, at RH of 48.4 per cent after four days

éxposure. Eased on these resulta 1tluap concluded that
the nexmatodes could be best utilised for soil epplication
gince the desiccation is q;e&dal in thet habitat as
against tﬁa desiccation taking place in above ground plant
parts. 7The igportance of moisture for nematcde efficlency
was further stressed by Lindegren st al. (1978) uhen

they reportsl SS per cent mortality of the navel orange

vorm Paramyelois transitella Walker and 34 per cent
reduction in dmssge ccused in almond trees under moist
conditions, when nematodes cculd survive for more than

10 days.

Sledzevakaya (1980) reported thet for DD-136
nematode to survive on frult tfees, reinfall should occur
every third dey under Transcerpsathia conditicns, but in
Adenp #0211l of 14 to 20 per cent numidity nematcde survived

the whole summer.

Agudelc 8ilva, Lindegren and Valerc (1988) reported
namatode survival in almonds in cool areas for leong periods,

provided Rbi wag adecuiate,



of the nematodes' original lccalities. He also reported
parisitisation of insects ot tamperstures higher than
those permitting growth end reproduction. Hae also reported
different temperature limits for different streins of

He carpocapsae. Dunphy and Webster (1986) reported

lowering of LTSO valuas for the nsnatodes at higher

tempoeratures.
2.1.4.2 lMolsture

Lack of adequate levels of humidity has, in most
cases, been implicated as the major resscn for feilure of
DD-136 in controlling pests under field trisls, Thua
Jacgues in 1967 asserted that desicestion was the reason
for £ailure of the nenatode to control leaf eating pests
of spple. The nomatodas suffered 100 per cent mortality at
21%*C and 45 RH wvhen expoasd for 5 h in the orcherd. Even
xhen sxposed only for 90 minutes, 72 per ceant of the
nerstodes had died. When RH was 30, even et 25°C, 100 per cent
mortality of nematodes resulted within 90 min.

The ability of B. corpocsépase to gucvive gredual

desiccation to levels below permenent wllting point has
bean demonstrated by Simons end Painar (1973). The nemetodes

vhen exposed to gradually decrcesing rolative humidities,



showad more than 90 per cent survivel at RH 79.5

per cent even after 12 days and more then B0 per cent
survival, et RH of 48.4 par cent after four days

exposure, EBesed on thesze results 1t.wan concluded ¢that
the nenatcdes could be best uéilincd for soll application
since the desiccation 1a gradual in that habitat as
egainst tﬁa desiccaticn taking place in above ground plent
parts. The importance of molsture for ncmatcde efficiency
was further stressed by Lindegren et al. (1978) when

they repoxted 55 per cent mortality of the navel corange
worm Paremyelols trensitella Walker and 34 per cent

reducticn in danmage ceused in almond trees under moist
ccndltions, when nematcdes cculd survive for more than

10 daya.

Sledzevekaya (1980) reported that for DD-136
nenegtode to survive on £frult trees, reinfoll should occur
every third day under Iranscarpsthia conditions, but in
daap soil of 14 to 20 per cent humidity nematode survived

the whole sumnmer.

Agudelo 8ilva, Lindegren =nd Valero (1968) reported
nematode gurvival in almonds in cool areos for long periocds,

provicded R was sdeguate.



2.1.4,3 &oil

Hot mach has bean studied about soil and its
influsnce on the namatcde DD«136, as compared to studies
on teoperature and moisture requirements. Reed and
Caine (1967) reported three types of movement for the
ED=136 nematodes on soil and the inabilicy of the nsmatodes
to penetrate the soil. studyihg vertical and horisental
dispersal of N, c2 apsse, Moyle znd Kaya (1981) reported
that nesatodes when placed 15 ;m below showed a tandency
to.migratu upvards., However, nematodes placed on or near
scil surfece showed little di-éorlal. In horizontal
dispersal studies, most nemstodes ware reccovered from
within 6 cm, though they did infect the wax moth larvae

rleced sven 14 cm awsy.

Georgis and Poinar (1983) observed that higher
clay and silt contant sdversely affected nematodes ability
to search cut and infect insect hosta, Also, the
nematode shoved a tendency to nmigrate upvards when pleced
at varicus depths in scil,

Sledzevskaya in 19680 reported that DD=136 nematodes
were incepable of penetrating - ' the zoil end attacking
lervaa of goosabery fruit worm (Zophodis grosmsulariata).




241.4.4 Sunlight and ultra-violet radistion

Gaugler and Boush (1978) studied the effect of

sunlight and ulté%iolet rediations on M. carpocepsas.

The suthore reported that short length UV radiations

{254 nm) caused high mortality, the time taken being
proporticnal to the time of expesure, Reproduction and
development were inhiblted by exposure for 2.45 and 5 min
regpectively. Sunlight also csused a loss of pathogenicity

by 95 per cent, probably due to UV portion of solar spectrum.
2:.1.5 Mess multiplication of nematcdes

The possibllity of mass multiplication has meade
neoaplectanid nematodes very populer in biolegicel control
progremuves, Mathods have been developed which enable us
the producticn of millions of these orgenisms at verxy

little cost.
2¢1.5.1 In-vivo methods

In=vivo methods of multiplying M. carpocapsee

essentially involves infecting a suiteble host (usually

Galleria mollonellns larvae but any large bodied lepido-

pterous larvae can bg used), incubating them at suiteble

tenperature for about 10 days end extracting the infective



stnqis of the nematode. Dutky st al.{) who developed

this technique in 1964, reported vields of about 200,000
nematodes per host larva, Foinar (1971) described a
slight zodification of the sbove method. Recently,
Blinova and lvenova (1580) reported that among various
irnsects tried, the larvae of Tenebric molitor L. was
found Lest suited for in.wvivo culturing of li. carpogspsae
strain agriotos, owing to the easiness of rasring the
insects in laboratory end al¢o to the lack of assoclated

nematode fauns of its own.
2.1.5.2 In-vitro methods

Dutky et al. (1964) had maintained stock cultures
of DD=136, together with assoclizted bacterium A.nematophilus

b '

on slants of petcne glucosa sger containing a plece of
cooked kidney. House et el. in 1965 develcped a dog food
medium vhich could yleld very laorge quentity of infective

juveniles.

Poinar (1979) opined that any protein rich material
¢an be used for in-yitro production of N. carpocipsae
provided that constent associstion with the bacterium and
freedom frcm contenlnation ia sssured. The suthor aleo

reported success with henging drop technique using blood



of a suiteble host insect hanging in the well of &
cavity slide in which nematodes develop.

Terakanov (19560) reviewed the in-vitro production
method: of necsplectenids, especially the worka done in
Soviet Uﬂion-

Bedding (1981) reported that a medium constituting
of horogenates of pig kidney end beef fat on crumbed
polyurethsne polyether yielded more thén hslf a millicn
nematodes per grem nedium at a cost of less than two cents
per millicn, Hara et al. (1981) reported of e method using
dog food/sgar medium ylelding 1.25 million nematodes per
petridish at e cost of 28 cents per millien,

Bosmere et al. (1983) reportcd a new mathod for

axenic production of N. carpocepste using lorvae from

BaspELc) evgs.

Bedding in 1984 develcoped methods zulted for
comnercial scale production of neocaplectanid nematcdes
using chicken ofal in asutoclaveble plastic bags, ylelding
up to 1550 million infactive juvenile per bag in 3 to 4

weaks at & cost of one cent per million.

Kermerrec snd Mauleon {(1989) reported that
certain ingradients of artificisl Adiets used for rearing



host lervee may influence nematode production, as
evidenced by reducticn of infective juveniles produced
by edditicn of antibiotics like rnipagin end streptomycin
which are ccmmonly used to stabilise diets.

2.1.6 B8torage

8toring of nematodes is &n importent aspect of
nematods utilisation for blo-centrol. M. carpocapess
hes bgen shown to ba amenable for long time storage.
Poiner (1971) reported that N. carpocspsas can be stored
in sterile water or ¢.01 per cent formalin st 5-10°C for
over eix yecrs. Chu and Ching {(1976) had atudi;d the
optimum conditions for storzge of DD=-136 end reccsrendsd
storage in tap water at 7°C with adequate aseration.
The suthors slso reportsd that survival of stored nematcdes

increased with density,

Bedding in 1964 raported that large nuxbers of
DC=136 nematode cen be stored on clean, aerated polyurathens
tubes et 1 to 2°¢C,

241,6.2 FPathogenicity trisls

The use of microblel agents for biccontrol

necessitates the confirmation of the succcptibility of the



insect in the laboratory. The methods gensrally

employed in experimente) incculaticn include placing

the nematode snd host insgct together in en infection
chacber, introducing the nematodes per-on, and directly
inoculating nematodes into tho host hesmocoel (Poiner, 1975).

Il
The first mothed is a?opted"in cages where the

mothod of penetration is not exactly known &nd va allow

Anfection to proceed sz it does in nature.

‘Per-os introduction allows better regulation of
dosego. This cen ba achisved by elther mixing the nematode
with feed or by injecting the.nematodes into the insects
mouth. Polnar (1975) hes described this process of
inoculaticn in deteil. Poinar and Ennik (1972) fed

VYaspula spp: sugsr cubes saturated with nemetcdes.

Injecting nematodes into hasmccoel cen be ussful
in reering entomcgencus nematcdes, to study host reaction
to nematode atc. provided entry of contominatiag orgenisms

cen be prevented.

In field trials, necmatcdes can be applied iu a
nurber of ways. Reo et al. (1971) spplied these nematodes

along with irrigation water to control yellow stem hofér



of rice Scirxpophage (Iryporyza) incertulss Walker.
and cbserved significant mortality of ths pest. In the

sane study the anthors concluded that spray treatrent

ves better then inoculation along with irrigeticn water,
to control the sten borer. Geﬁnral methods of inoculeation
include spraying on to plant perts, spplying the nemstcdel;
suspension directly into the 5511 or by placing infected
hosts on soil surface (Poinar, 1979). Kaya st sl, (1984)
sprayed nematodes on to corrug@ted paper bands sttached

to spple tree trunks to result upto 95 per cent rortality
0f the codling moth latvee.

Pya end Pye (1985) recumeended dipping of young
seedlings with so0ll into s suspension of infective
juveniles of LD-136 as bast npethed to control large pine
weevil Hylobius sbietis L. attacking pine seedlings.

Lindegren st al. (19687) applied nematodes into

tunnels made by navel orange wérma to schieve gocd contrel.

Keya and Helsen (1985) attempted encapsulsztion
of entunogencus nesnatodes with calcium slginate and
revealed that at 4°C, the nematodes survived in the
capsule for up to eight months. In pathogenicity trials,



howaver, mortality of Spodoptera exigus Hi'bner was
humidity dependent. The authors were of the opinion that
with further development, this technigue cculd be used

for protecticn of secds and seedlings from soll pests.

In an isprovement on this technique, Faya st al.
{1987} ence?sulatud tomato seeds along with namatodes and
found that nsmatodes were releassed into soil as seeds
germinated, killing Calleria mellonells larvee placed in
soil in large nunbers.

Studies on improving the performance of the
nenatodes vwith the help of the sdditives entl-dessicants

and spresders gave variasble results.

Webster and Bronakill (1968) used Gelgord in e
water thickener togother with Foliccate 351R and a
suzfnétant Arletone TB to lncrease mortality rates from
24 to 90 per cent. HNash snd Yox (1969) reported that
nematode gffectiveness was incrzased by up to 10 per cent

with the additives as Glycerin, BEmgard 2050, etc.

Keys and Reerdon (1982) evzluated various
adaitives but found the results not sotisfaoctory enough.



2.1.8 Compatibility to sgrochemicels

The nematode N. carpocapsae anjoys considerable

sdvanteage as far as compatibi}ity to ggrochamicals are
concerned., Reo et al. (1975) reported that a number of
orgenophoophate insecticide killed nematode within

24 hours. Kamionek et 21, (1979) studied influence of
cartain veedicides like Dual, Tribunil, Roundup etc. and
reported little affect on nemxatode when treated directly
put nematode development was poor in Insects trested with
theso chemicels. Hara and Kaya (1982) tried a number of
insecticideos against namatcdes and found that gencrally
organophosphates and carbamated were detrimental for
nematode growth and multiplication. Hethoxychlor,
fanvalerate and diflubenzurcn did not have significant

effeats on nematodes at normel concentrationsa.

Report by Haro a=nd Kaya (1983a) supported the
above findinga but the authors also reported that paralyzed
nematodes recovered vhen washed in water, sufficiently

enough to infect Spodopteran estigua,

Hara and Kaya (1983 b) reoported infection =nd
development by DD-136 in 8, exigua larvag treated with

trichlofon, mevinphos, fenvalerate or permethrin.



Compatibility of 1, 3 dichloropropene
(Yslone~II) with H. carpocapsas was reported by Ishibeshi

and Kondo (1987).
2.1,4 MNatursl ensmies

Neoaplectinid nematodes lare considsred as the best
suited for soil 1nh|b1ting pests, But in scoil, they are
likely to encount=r both produ@o:y and pathogenic
organisma. Foinar (1979) has given an account of the
natural enenics of entamogenous nematodes, Mites, especially
members Of genus Macrochiles have been observed as serious

presdators by the author.

Among the pathogens aroitwo protozoans, Hosema
meslini Palllot and Plistophora schubergl Swolfer which

infected the nematodes when they attacked the lepidopteran
larvae already perasitised by thess protozoans (Versmtchuck
and Issi, 1970). Poinsr (1988) reported about a protogoan
infection of H. glaseri in field collectad nematodes.

The perasitized infective jn&eniles hed an open intestine
instesd of normal collapsed intestine, filled with
rmicroaporidans, |



The most importent group of pathegens include
fungi (Poinar, 1971). The fungus Drechmaria ccniospora

(Crechler) W-Gama end Jens#@on could not penetrate

infective juveniles of N. cerpoccpsas. Howaver, adults

and preinfective steges of the namatode were infected
(Poinar and Janason, 1986a). The nemsto phagous fungi

Mcnacrosporium ellipsosporum {(Grove) Cooke and Dickinson

and Arthrobotrys oligospora Pres. were capable of infecting

DD=136 and killing them within 72 h (Poinar and Jansson,
1986 b).

Bacterla has been suspected but never esteblished

a2 & pathogen of M. carpoczpsae.

2.2.1 Host range

More experimental infections have been attempted

with H. carpocapsae than with any other entcnogenous

nematode. (Poinar, 1979). The association of nematode with
the specific bacterium which cin kill insects quickly znd
prevent further deccmpositon enables the nematode attack
guccrasfully rost of the insects. Gaugler in 19681 opined
that Neosplactanids kill {the host they penetrate since the
nematnode releszes the bacterium immediately on penetration.

Inactivation of the nematode thereafter connot prevent



mortality of the host. HRickle and Welch (1984) opined
that the more then 1000 specles of insects are susceptible
to N, cerpocepses and that there are very feaw insects
that are not killed by the nematcde.

Morzis (1985) tested 31 aspecles of insect pests
for susceptibllity to Steinernems feltiae (= . carpocepsae)
and reported susceptibility of 13 specles for the firet
time. He also oplned that as a group, Lepldotera was oost
susceptibla to the nexatode.

2.202 Fleld trials

Pield triols involvinqlg, csrpacspsze have ylelded

rixed results. In most cases the unfavourcble environmentel
factoxs heve been pointed out as the reason for fellure.

An upto date list of field trials provided by Poiner

(1971, 1979). Gaugler (1381) stated that poor cholce of
target orgunisms and habitats were tho chief reascns for
feilure in field trlalw. Generally, the nematods hes been
recommgnded against pests inhabiting moist habitats as soll
or those occupying cryptic habitats. Tricls sgoainst follege
faeders have nostly been Glazppointing due to rapid
desiccation from loaf surfsces. Wouts (1984) Bedding (1984)



end Kaya (1984) have rsviewed field trials involving
entonogenous namatodes sgzinst Lepldopters, Hymencptera
and baork beatles respectively, uvp to 1980, Table 1
provides a list of £ield trials after 1980 and involving
DD=136 nematcds ageinst major groups of peats.

2,22 Host defence mechanisms

Heosplectanid nematodes have 8 wide host renge,

ma3inly because of the assoclation with bacteria Xenorhsbdus sp.

The imuediate release of bacteria into haemccoesl ensures
mortality of hosts even if the nematode 18 countered
successfully, since the bscteriz are not nullified,
Consequently most insects are considered susceptible to the

nematodes.

Berycanska and Kemicnek (1972) reported that
phagocytizing hasmccytes level increased in Galleria
mellonells attacked by the nematode.

The same reactiocn waa reported by Serycenaka (1975)
in Colorado potato bestle Leptinotaraa decemlineata Say.

Andreadis et al, reported in 1975 the encepsulation
of the DD-136 nematodas by Aades segyptl L. larvee




concurrently parasitized by Reecsimermis nielseni
Tasi 2nd Crudman,

Poiner (1979) reviewed insect immunity studies
againat entdnogenous nenatodes and listed host escape,
celluer responses and humoral responaes as the mechanlsms
of imrunity. He described the melenisetion of
N. carpocapsse by Culex pipiens L. as & humorel response,

Gotz at al. (1981) reported inhibition of immunity

of Hyalophora cecropla L. zgainst X. nematophilus. This

view was supporteéd by Burman (1982).

Gote and Gulzov (1982) reported of a subatance
produced by N. carpopasae which destroyed insect immunity.
Motha end Mracek (19684) also reported incresse in heemocyte
count to e meximum at 16 h after infecticn and concluded
the defense of wax moth lorveé to be week though not .
altogether eshsent.

Dunphy and Wabster (1987) exemined the mechenisms
by vhich entoaphilic nacmatodes avoided host .1naoctl'
protective mechanisms. Alikhan (1987) reported increase
in hasaccyte count of colora'dcff: potato butin vhen bacteris

or nematodes alone were introduced sgoinst

becteris nemztods complex.



Alphitoblus disperinus

mortality

Table 1. Field trials of R, carpocspsae egainst dingect populations
Host Gitas Results Reference
Crders Colecpters:
BElm leaf bectle
Litter Foor control of larvze but  Kaya et al. (1981)
Pyrrhalta luteola good control of pupae W
furcpe&n elm heetle 10 to 66 o
- per cent Hec Evan and
Scolytus pultiseristug mortality Drever, 1981
Mountain pine beeZle _
Dendroctonus ponderosse - Upto 60X mortality =30=-
Corn xoot worm ¢
Disbrotica spp Scil 8ignificant control Foinar et al. 1983
Black wine weevil 8011 Ho significant reduction Ceorgis end
Otlczhynchus sulcatus 4n populaticn Polnar, 1984a
Strawberry. root weevil Soil Bubstantial reduction Georgis snd
Remccestes incomptus in populaticn Poinar, 1984 b
Lesser meal wOrm
Litter More than 50 per cent Geden et al., 1985

fCone+a_Y



Table 1 {Contd.)

Host Site Resulta Reference
Large pine weevil Seedlings 80% mortality Pya and Pye, 1985
Hylcbius abietis
Sugercsone borer Scil No significant Arrigorl et al., 1907
Higdolus sp control
Ctucifer flee beetle Soil Hematode ineffective Morris, 1987

Phyllotrecta cruciferae

Order: Diptera

House £ly Manure pits 55=-61% Gedlen st al., 1986
Musca doncatica mortality

-Manure brecding flles -Chicken Ilo ;-reducticn Hullens et al.,1987
Pennle spp. Musca dcm=stica manure in populaticn

Crder: Hymencptera

Honey bee Bee hives Low susceptibility Kayza st al., 1982.
Apis mwellifere

Larch sawfly Larch trees Promising against Georgls aud
Cephalia lariciphela prepupze Hague, 1988.

{Contd.)



Table 1 (Contd.)

Host

Site

Results

Reference

OrSer Lepidcoptera

Lemon tree borer
Oseone hirta

Carpenter worm

Fricnoxystus robinlae

Western spruce Budworm

Choristaneure
QcEIaentalia
Carpenter worm

COrn #2r worm

Heliothis =ea

Western poplar clearing mo
Paranthrene rcbiniae

Artichoke plume moth
Platgptilia carduidactgia

Paranthrene tabaniformis

g;yptoxhynchﬁs lspathi

Lenon and

grepe fruit
trees

¥ig tree
trunka

Western fir
trecs

Fig tree
trunks

Corn eirhezds

lar and
Birch treas

Artichcke
plants

Poplar trees
Poplar trees

E0% reduction in
pcpulation

44-92% mortality

No significant
control

B5% control

B8% control

80-90% mortality

90-95% mortality

97.5% control
100X mortality

Clesrwatay and Wouts, 1ée1

indlagren et al., 1981
Kaya and Reardon, 1982
Lindegren and Barnett, 1982
Bong and Sikorowski, 1983
Kaya and Lindegren, .1983

Bari =znd Kaya, 1984

Cavalcaselle and Desed, 1984
=d0-

(Contd- )



Table 1 (Contd.)

Host

Site

Resulta

Reference

Codling moth
Laspeyreaia pomonella

Clearwing moth

Synanthedon myopaeformis

S. typhieeformis

Cabbage butterflies
Pleri=s brassicae

Graps root borer
Vitacea polistiformis

Corn ear wornm
Heliothls ze2

Raspberry crown borer
Pennisetia marginsta

Havel crange worm
Amylois tranzitella

Base of opple
treos

Apple trees

L

Cabbage plants

Soil

Corn eer heads

Scell

Crange tree
trunks

80% mortality of
pup2e 2nd prepupas

74=94% control

Control not
significant

Succenssful coatrol
Reduced atteck
Significant reductien

in damage

Significant mortality

78% rwortnlity

Kaya et 21., 1984
Deseo and Miller, 1985

=GO~
Korenchenko, 1985
Saunders and All, 1985
Bong (1986)

Capinera -E__t_ ﬁe; 1986

Lindegren et 8l., 1987




Materials and Methods



MATERIALS AND METHODS

All equipments, glassware end laboratory aids
vere used aftar préper storili?ition or as otherwvise
stated under different methodologies described., Sterile
canditions uvere mainteined as fur as possible throughout
the experisent.

3.1 Mass multiplication of nematcdes

The nematode nucleus culture for the study was
obtained from Department of Hematology, Tanil Nadu
Agricultural University and was mass multiplicd in the
leberatory veing in-vivo mcthohs.

The cholice of en in-vivo method was chiefly based
ot the casiness and simplicity, Lotrvae of rice nmeal roth
Corcyra cerhalonica stain mainteined in the laboratory

for the purpose were used. A nlightly modifiecd vorelon

of Dutky'a (1964) method was adopted. About 25-30 finel
instar larvee of the meal moth vers washed in 0.01 per cent
formalin end placed in a sterilized standard petridianh
contelning ¢two molst filter pabe:s. A 3 ml suspension of
the infective steges ccntaining 300 nematodes per ml wae
added to the so formed infection charber. I¢ was then



covered by s polythene bag wetted inaside to kesp
saprozolc flies cut. The insect mortality occurred
within 24-48 h &nd the petridishes were incubated et

room temperature in a water bath for ten days.

The nematcdes were obtained by using a nenatode
collacting disﬁ siniler to the cone described by White
{(1927). The 1id of a small petridish was pleced open side
dovwn on the bottom of ® deep patridish and was covered
with a filter peper. Formalin (0.01%) was addad to reach
cne half of the height of the zmall petridish 1id.

The degd, pearasitized insects were ploced redislly in the
middle of filter psper. The entire collecting dish was
placed in a water bath and covered by a bell-jar.

The infactive juveniles emarging from the cedaver migrated
into tho water. The nematode sugpenoion was collected on
alternate days end atored in nsteriliged dark brown bottles

at 5FC-7.0°C in & refrigerator.

3.2 Collection, measureaent and maintenznce of grub
ateges of cashew stem borer

3.2,1 Collection of grubhas

The grubs were collected from infestaed trees
located at the Cashew Research Ststion end Kerala &Agri-

culturel Development Project plots, Madalkkathara under



Kerala Agriculturzal Univarsity. Infested treass were
located by obaerving the external symptcoas and the
grubs vware chiselled ocut of the attacked and dsmaged

portions of the trees,
Je2.2 Measursment of grubs

The grubs collected from tho field were stbjected
to measurements of their body length (mm) maximum width
of thorax {(mm) width a‘t the sbdcmen (sw) and body waight (mg)
80 a5 to determine and classify the inster to which they
belong. The linear neuu:mm'ts vere token by placing the
grubs on & scale graduated in millimetres. A common
welghing balance was used to recerd the wveight of the grubs.

3.2.,3 Haintenanca of grubs

The grubs were maintained by offering the
appropriate feed material collected fresh from cashew tress

in the form beat suited to the particular instar stsge.

The first inster grubs were offered fresh pleces
of outsr baerk, having a eize of about 7ca x S cmx 1 cm
after drilling a hole on the cuter surface to accemmrodate
the grub, The bark plece aloﬁg with the grub was placed



in & stonderd sterila patridieh containing a moist

cotton ped at the base.

The second inatar grubs vere offered fresh bark
pleces of about 8 em x 7 om X 1.2 cm sips, after making
a small alit*: on the bark., The bark elong with the
grub was placed in black polythene bag of sise 25 x 20 ca,

The third end fourth instars wvere offerad fresh
bark pleczs of ebout 9 x 7 x 15 ¢m and 10 ¥ 9 x 2.5 m
respectively, in an identicsel manner.

The £inal instoyr grubs were given fresh root
pleces of sbout 12-15 cm lengtp and 3,5 - 4 < 2cross.
The spliced roots with grubs wers then covered by black
polythene bags.

3.3 Prepsration of nematcde suspension

Hematode suspensicons of concentrations 10 nemas
par rl, 100 nemas por ml and 1000 nemas per wl ware
prepared from nematode suspensions ¢ollected fram the
nematode extracting dishes nfter counting tho nematodes
extracted in a nematcde counting dish end meking up

necessary volume with 0.01 per cent formalin.



3.4.7 Determination of threshold incculum reguired for
' mortality of Aifferent instars

The experiment was 1aid cut in CRD with 6 treatmants
including one check to exch of the five instara.

Ty - 0 npenas ' (Sterile waterg)
T, - 75 nemes éer g-body weight
Tz - 100 * per g "

T, ~125 " perg "

T4 - 150 ° ﬁer g o

: - 200 nemas per g body weight

Eech treatment was replicated twenty times
resulting in a total of 120 g:hbs of eech inster being
used for theo experiment. Tha'grubl wore sllowed 24 h to
estublish on the offered foed material, before they were

inoculeted with the nematodes.
3,3.1 1Inoculstion of first instar grubs

The tunnel mede by grub was trzced cut and the
required nemetodes vere addsdlusing the suspension of
having 10 ncmas per ml. The reguired quantity of suspension
wvas made up to one mil and wasindﬁad to tho tunnel nesr tha

grub by using a8 1 ml pipettc.



34442 Inoculation of second inster gruba

The tunnels were traced out and the reguired
quantity of nematodes added to the tunnel uasing suspensicn
of 100 nemaa per ml. The total volume mede up was two mi,

3.4¢3 Inoculaticen of third, gourth end fifth inster

The procedure folloved was identicsl here too,
but the suspension of 1000 nemas per ml was used and

mads up volume was 2.5 ml.

Ths inocculsted grubs were covered by bleck
polythena bags end meintained under room temperature
(32=-36°C) end obszsrved for mortelity every elternate deys.
Dead grubs were removed to nematode collecting dighes

desoriked earlier,

The grubs were offered fresh, untreated feed
seven daya‘aftar inoculation, further changes in feed
being made as end when necessary. Ths grubs were meintained
in the lab for one month.

A number of grubs of ezch instar were pleced in
en incubator at 25-30%C, tocwerds the loter stages of ths



experiment to understand the influences of tanperature

on nematode ectivity and mortelity of grubs.
3.4.4 Orsl injection of grubs

Oral injection of the grubs with 1500 nematodes

each was 2also stuiied using a plaatifaktn)

ayringe as
described by Poinar, 1975 on third, fourth and £ifth inster
gruba. The inoculated grubs were then dissected at S h,

12 h, 24 h and 48 h intervala &nd obscrved for presence

of dezd of live nematodes in the intestine or hasmocoel,
de5- Survival studies

Survival of nematcdes on bork was gtudied by
edding S00 nematodes on to a hask plece, kept moist by
eddition of water and the bark pieces were washed cn firat,
second, third, fourth and fiftch days snd washings cbserved

for live nematodes.



Results



REEULTS

The range of the measuraments (both length
and weight) as well as the range of nematode inoculum
and the results of treatments ‘'of grubs of each inster
with different doses of nenstcdes are given in Tables 2
to é. Ths grubs were ohservaed at every 48 h for recording
mortelity. The dead grubs were trcncferred on to a
neanatode collecting dish.

The length of first ifstar grubs ranged from

4-12 mm and body weight from 1-35 mge Tho seccnd instar
grubs hed a range of 12-26 ma!in length and bedy weight
of 35=451 mg. The body length ranged 27-47 mm and body
vwelght 519-17C9 mg in case of third instera. In the case
of fourth instar it wvas 40-61 ind 2106-506¢ mg in length
and body velght respectively. The measurement of range
of £ifth instsr was S50-79 mm in length and 4460=-1000 mg
in body weight (Tebles2 to 6)

The f£irst instsr grubs recorded the meximm
mortality of 15 grubs ocut of 120 numbers treated. Sixty
out of the 120 grubs were pleced in an Ancubator at

25«29°C, which was favoursble' for nematode development.



Among the grubs deed, 12 dled within ten doys of
inoculation, with three cedsvers showing symptoems similer
to neoeplectenid infecticn. But these cadavers turned
bleck within & couple of days. Nemgtcdes wera not |
cbtained from any of the casdavers, showing that no nemstode
devalopmont occurred inside the host bedy. The meximum
percentege (20K) of mortality recorded was in those grubs
wnich received a dose of 200 nemi2 por g body weight.

All of the grubs that survived fed normally and mouted
into subsequent instars. Two gruba out of the 20 kept

under check (To} algo were found dead due to naturzl csuses,

In the case ¢f sscond instar grubs, 10 out of
120 grubs were observad dead,, Those which vere exposgsed
to room texperature conditions vers 98 in nunber; while
22 were placed in incubator. Vhile geven cut of the 98
ploced under room temperature conditions (28-32°C) were
dead, three were killed out of the 22 placed in lncubatsnr,.
All tha three cadsviers wore yellowlsh indicating possibilility
of infection by nematodes. Hovever no nematodes wore
recovered vhen the cadavers werae placed for nematode
extraction. The meven grubsg wvhich died undser yroom
temperature conditicns all turned black and did not yield

nematodesn,



Treatment of the third, fourth and £ifth
instar grubs did not record any mortality, either in

those meaintsined in the lab &t roca tsmperature

(28-32°C) or in the incubator {25-29°C)}. Out of the

120 grubs in each of third, fourth end £ifth insters,

57, B0 and 62 respectively wesre placed in incubator.

All of the grubs vere observed to feed 2nd moult ncrmally.
Statistical analysis was not carried out as the mortality
cbtsined could not be confirmed as dus to nematodes;

as alzo due to very low levela of mortality.

4.2. Per-os injection of grubs with nematodes

Oral injection of the grubs of third, fourth
and £4fth inatar grubs with 1500 infective juveniles
cech Aid not record any mortaolity. The grubs dissected
at G, 12, 24 and 72 h diqd no; reveal presence of live or
desd nemstodes either in the heemocoel or in the alimentery
canal. Whon offered fresh feed the grubs fed normally

snd were active.
4.3 Survival of nematodes on bark

In survival studies, live, active nematodes were

recovered from the bark pieces on first day but on



subseguent days thelr number was reduced sppreclebly.
On £fifth dsy only very ¥ew liva nematodes wero recovered
and they too, vere not active, towever, they becaxe

motile when distuibed with & nematode plck.



Table 2. Datails showing the body measuremsnts, fncculum added and
pesrcentage mortality of first irnster grubs of cashew atem borer

Treatzent (TR0, (Tange)  adaed .  treated T desd 0 tege
- mg (range) mortality
‘I'o 5=12 1=-20 0 20 . & 10
Tl 4-12 S=24 1.2 20 1 5
Tz S-12 5=29 1=4 20 2 10
T, 5-10 2-32. 1-4 20 3 18
T‘ S=12 6=35 1-6 20 3 15
T 4-10 1-16 1-4 20 4 20

v




Table 3. Details showing the body measurements, inoculum added and
percentage mortality of second instar grubs of cashew stem borer

Treatment Length Welght Inoculum No.of grubs No.of Percentage
(range) (range) added treated grubs mortality
am mg (range) dead

TO 13-24 51=271 0 20 0 0

Tl 13-25 40-448 2=34 20 1 5

'I'2 13-26 36=-343 4=-35 20 0 0

T3 12-25 35-373 4-43 20 5 25

T, 1226 40-451 6-61 20 1 5

TS 13-26 42-420 9-84 20 3 i5




Table 4. Detsils showing the Lcdy measurements, incculux added and
percentoge mortality of third inster grubs of cashew atem borer

Treswment O Ul magge  TCClIEY . gnibs  worsaitty
s ng range) deed
TO 27=47 630-2055. 0 20 o 0
T1 29=-46 555=-1994 42-149 20 o 0
Tz 29=43 601~-2047 60=205 20 0 0
Ta 29=44 519-1924 65241 20 0 0
T4 28=-45 875=1709 59=258 20 0 0
T 29-46 677-~-150D 135-380 20 0 a




Table 5. Details showing the body measurements, inoculum added and
percentage mortality of fourth instar grubs of cashew stem borer

Treatment Length {(range) Weight (range) Inoculum No.of No.of Percentage
mmn reen added range grubs grubs mortality
treated dead

TU 40=59 2306=48623 0 20 0 0

T1 45-61 2106-5064 158-577 . 20 0 D

T2 43=57 2158~-4800 216=480 20 0 0

T3 42-60 2169-4590 271-624 20 0 0

T, 41-60 2106-4944 "316-714 20 0 0

TS 41-60 2370-4911 474-982 20 o 0




Table 4. Details showing the body measurements, inoculum added and
percentege nortality of third inster grubs of cashew steam borer

Ro.o0f grubs Ko.of Percentage
Treatment Length Welght in Sﬁlum treated grubs mortality
{range) (range)
iy range) dead
ny
Tb 27-47 630=-2055. c 20 0 0
r1 29-46 555-1994 42=149 20 0 0
Tz 29=43 601=-2047 60=205 20 o 0
Ty 2r=44 519-1924 664241 20 0 0
T4 28-45 8751709 59+258 20 0 0
T 29-46 677~2900 135=380 20 o o

4]




Table 4. Datsils showing the bofy messuremsnts, inoculum added and
percentoge mortaelity of third instar grubs of cashew stem borer

trestment  NTOHh  Wetght Imsemm  FLRLEERT CODL piieiier
iy ng range) dead
To 27-47 630=-2085. 4 20 0 4]
T1 29=46 555-1594 42-143 20 0 0
Tz 29=43 6012047 60=205 20 4] 2]
T 29=4¢ 519=-1924 664241 20 0 G
‘i?; 28=-45 875=17G9 59.258 20 0 0
T 29-46 677=-1900 135=-360 20 C 0

4]




Table 4. Detsils showing the body measurements, inoculum 2dded snd
percentoge mortality of third instar grubs of cashew ste= borer

Treswmeat  GoaSth, Yoot e UGS gmbe  moreaiiey
by i range) dead -
'1‘0 27=47 §30=-2055. 0 20 0 4]
Ty 29-45 555-1994 42-149 20 0 0
'1'2 22=-43 601-2047 60=205 20 0 0
T, 25=44 519=-1924 664241 20 0 o
T, 26-45 875-1709 59258 20 o o
T 29-46 677=1900 135-380 20 0 0

v




Table 4. Datsils showing the body measurements, inoculum added and
percentege mortality of third inster grubs of cashew stem borer

meswmeat GRS Yelht,  gmmie CGLd gribs  moreelity
ma ng
To 27-47 630=205%5 0 20 0 0
'1‘1 29=46 555=-1994 42-149 20 0 0
Tz 2943 6012047 60-2056 20 0 0
T3 5=-44 519-1924 65241 20 0 G
T4 28-45 875-1709 59-258 20 0 o
T 29-46 €677=1900 135-380 20 Y 0

th




Table S. Details showing the body measurements, inoculum added and
; percentage mortality of fourth instar grubs of cashew gtem borer

Treatment Length (range) Weight {(range) Inoculum No.of No.of Percentage
mm rren added range grubs grubs mortality
treated Gead
TD 40-59 2306-4863 o 20 0 0
Tl 45-61 2106-5064 158..577 20 0 0
T2 43-57 2158-4800 216-480 20 0 0
T3 42-60 2169-4990 271-624 20 o 0
T4 41-60 2106-4944 316-714 20 0 0
Ts 41-60 2370-4911 474-982 20 0 0




Table 6. Detalls showing the body measurements, inoculum added and
percentage mortality of f£ifth instar of grubs of cashew stem borer.
Treatment Length Weight Inoculum No.of grubs No.of Percentage
(range) (range) added treated grubs mortality
mm en (range) dead
TO 54-71 5055-9520 0 20 o 0
Tl 59-70 4795-7829 359-587 20 0 0
T2 52-70 4500-7607 450-761 20 o 0
T3 50-T71 4460-8951 558=1119 20 c 0
T4 57-73 4925-10000 739-1500 20 0 0
T 59-77 5023-9083 1005-1817 20 0 0

o




Discussion



DISCUESICOR

The cashew root end stem borer Plocaederus
ferrugineus 1is cne of the serious pests ceusing heavy
cesualities of grown up cashev trees. Contrel of the
pest by the use of chemnical agents has not met with
conplete success, due to the peculiar nature of the pest
in sttacking csehev trees. Several reports (Lindegren
and Sarnett, 19825 Cavalcaselle and Desep, 1984 and
Bong, 1986) indicate thet populaticns of stem borsr pests
of trees havo bsen succesafully suppressed by the use of
insect parssitic nemstcdes. #Pillal st al. (1976)
reported that the ID-136 namatode can cause mortslity of
Be forrugineus. H. csrpcpapsse has been recognised es a
comaon nenatode pnr;sitc capsble of parasitising insects
belonging to several taxcmomic groups. Hence this study
was undertzken to determine the parssitic sbility of the
nenetode on the cashew borer pest and to work out the
optimum incculum resjuired for csusing reguired levels of
mortality of different larvasl }natax-.

The cbservations recorded on the different
individual larval staoges revesled that they vary



considerably in the same ategs group in thelr length

2s well as in their body weight (Table 2-£).

The p2rasitic nematods inoculum lozd given to individuals
of first instar stage veried from the minimum of

1-6 nucbers, to a maximuw number of 359-1817 in tho case
of f£ifth inster steges of the test pest. The parasitic
nematode culture used for the toest vas infective, as shown
by periodical incculation of Corcyra cephalonica larvee.
Poilnar and Thomas (1966) had reported that aven a single
axenic 1n£ccpive Juvenile could bring the mortality of thes
wae moth larva, Initlally the different instars ¢f the |

{22-32°C) in the laboratory. The hunidity was also
nmainteined et required levels. However the results cbteined
1n§icated that the nematodes could not bring out significant
levels of mortality of the host instars., Mortality was
recorded only in cess of 15 grubs out of 120 first instesr
grubs and 10 cut of 130 second instar grubs. The rest

of the grubs continued to feed normally and developed

into subseguent instar steges. . The deed grubs were black

in colour, in contrast to the creamy yellow colour found
assccieted with neosplectanid infections. The third,

fourth end £ifth instar grubs recorded merc desth,

The follure of infection by the parssitic nematodes was



initially attributed to the high temperature gredients,
Houvaver Schalege (1963) and Kaya (1977ar 1977 b) had

ragorted that namatcode peorasitss retained 1n£octtv1gy

up to 30°C, WUhen the results obtained on mortelity of the
grubs were in negative under laboratory conditions the
experiment was further continued by using a !an'incubator.
The different insters treated with the regquired inoculum
locd was incubated at 25-29°C in the BOD incubator adopting
the stme procedures and techniques followed sarlier. In
this case also, most of the treated instars were not
subjected to death by the nematode and they continued to
feed &nd roult normally. Thus providing optimum
temperature conditicns for infection slsc 4id not help in
the infectivity and paraniti%lticn to cause mortality by
the nsmatode on thelr host insects.

To further confirm the ability of the ncmatodes
to parasitise the host insect grubs, selected grubas of
third, fourth and £ifth instars were token snd ths
nenatode inoculum was sdded by using par-cs techniques.
This test also indicated that the nematcde falled to
bring sbout nortality of the host insect inatar stages.

Thus all the tests carried ocut to find cut the
abllity of nematode to parasitise the different inster



stages indicated that the insect larvae may have gonms

kind of naturesl resistence toverds this nematode

parasitas. The incubsated dead larvae which vere crezmy
yellow in colour did not yield 2ny namstodes, indicating
that even the nematodes which entered if any, were
inzctivated and not =llowed to fead and develop any further
within the host haemocoel.

Webster and Dunphy (1987) have reviewed in
detall the siechanisme of host compatibillity of insccts
to entoracgenous nematodes. According to them, locstion
end synchreonisation, host tj.s‘-u- tolerance, nematode
insect matritional balence, host diet and host hormene ere

the factors likely to be responsible for the incm;mtibilitir.

Acc&n‘:u.ng to Poinar (1567) who hed diacussed
~on arthropod immunity to worms hasuccoelia enczpsulotion
of the nematode parasites and humurzl respcnses are the
two factors vhich lead to restriction of the further
developrment of the parasite in the hosts,

In the present study the results revealed that
H. carpocapsae could not effectively perasitise the
different inster lervee of P, ferrugineus and cauge
mortality. The d@lfferent techniques folloued from treating
the nematode incculum under sirulated host environmentel



conditions ¢o direct cral spplication had failad to
inducse pa;unitilatian and bring about the daath of the
host insect larveal stages. Several uworkers have reported
the fallure ©of LD=136 nematcde to infect host insecta
even under favourable conditions (Kurashvili, 15807
Tedders =t 8)., 1982 and Poiner, 1984). These reports
indlcete that cruses for faillure of the namatode to
ioduce significant mortslity were either the small sise
0f the insect host or the inability of the nematocdas to0
gain entry through natursl openings or by penegratica.

In the present studies it was not possidble to establish
vhether the nematode had penetrated the host inscct body.
The grubs incculated per-os with nematodes were dissected
cut to examine whether any nematodes could be covered.
ﬁowover the attempts failed to reveal the presence of
sny live or (ead nsmatodes either in the hasmocce)l or

in the alimentsry canal. The reasons for this coculd not
be known. Even under 1ldesl conditicas, Steinerncma
faltiwe (=}. carpocspsse) was inéffective against
Synsnthedon typhisetormis (Desso and M.!.lle.z'. igas).
According to Zelazny (1985) K. garpocspsse could not
infect the f£irst instar grubs of Cryctids rhinoceros
possibly due to host resistence.



The pressnt studies could not confixm the
£indings reported by Pillal et 8}, (1976). Thess suthors
however did not clezrly indicate the exact strein of
He carpocapeea used for their studies.

Differences eomong the strains of N, csrpocapsss
namely Draton strain snd CD-136 strain in thelr
infectivity to host insects had been reported by Silverman
et e), (1982). It is not cleer whether the contredictery
results cbteined in the present studles compared o those
reported by PAllsi et al. (1976) could be ascribed to the
d1fferences in stroins of nemstode perasites used in the
studien. The suthors have not made it clear vhether they
obtain infectivity and mortality of all the host instar
steges, The technicues followed in the present atudles
were similer to those adopted by the above authors
(Pillal, personal ccsmunicaticn). Ell'hc varieties in the
present study and the one reported by Pillal ot al. can
perhaps be ascribed to variaticns in the nematode cultures
used in the two investigations.

Tasts carried cut to study the survival of the
porasite revesled that they were alive on the bark
portion of cashaw up to the £ifth day, supporting the
view that they could survive on bark material to schieve



infection of the host insects. The factors of
non=avallability of nematode inoculum can be ruled out

in the present studies because the inoculum was added
directly .to the host insect's larval feeéing slites in

the tunnels. In splte of these, 1t was surprising to
observe that not even & single one of the third, fourth

and f£ifth instar larval stages treated with nematode
inoculum load died. Thus 1t glves room for the speculation
that the grubs might be refractory to the nematode and its
assoclated bacterium due to certain antagonic factors

present in the alimentary canal of the grubs,

Thus the present studies have indicated that
the DD-136 N. carpocapsae cannot be used as a blo-control
agent against populations of stem and root borer of cashew.
However, studles can be undertaken to explore fur;her the

possibilities of other species of Neocaplectana which can

be successfully employed as a bio-control agent against

Plocaederus ferrugineus. Polnar (1967) had reported that

necaplectarid nematodes have no natural host, and that

with the ald of the assocliated bacteria can develop in

many hosts 1f the infective juvenlles can reach the haemocoel.
Moreover, it will be worthwhile to explore whether

any natural nematode enemles are parasitising the cashew



infecticn of the host {nsects. The factors of
nen-availability of nnnatoﬁo incenlua can ke ruled ocut

in the prosent ntudies because the incculum was elded
directly to the host insect's larveal feeding sitesr in

the tunnels. In spite of these, it was surprising to
observe that not even a single ¢ns of the talrd, fourth
and £1£fth instar lorvel stages treatadiuith nenstode
inoculum loed died, Thus it gives room for the spoculaiion
that tha grubs might bs refrsctory to the nematoda and its
esscclated bactezium dum to certein entagonico factors
present in the slimentsry cansl of the grubs,

Thus the pressnt studles have indicatad thst
the DD=136 H, carpocepsee cannot be used as a bio-coqtrol
sgent &geinst populations of stem and rcot borer of cashaw.
fiowever, studies can be undertaken to explore further the
possibilitiern of other specles of Heoaplectans which can
bs successfully amployed as s bio-control egent against
Plocsedsrus ferrugineus. Polnar (1567) had reported that
neosplactarid nematcdes have no natursl host, and that
with the 8id of the assaccizted bacteria can develop In
many hosts if the infective jl_wannes cen reach the hasemccoel.
HMoreover, it will be worthwhile to explcore whether

any natural nsmatode enamies are parasitising the cashew



stem borer which have a nstural association with the
ingect host so that it cen he effectively used as a
bic-control agent.

The rasults from the present studies call for
further dstailed in-depth studies on the verious factors
that are respcnaible for the host inzect response to

peragitic nematodes,



Summary



SUMMARY

A leboratory experiment was conducted at tho
Department of Agricultural Entomology., College of
Horticulture, Vellanlkkera, to explore the possibility of
controlling the populatlons of cashew stem borer,
Ploczederus ferrugineus L. by using the entomogencus

nematcde DD~136 (Neoaplectana garpocapsas Weiser).

From each ihster, 120 grubs were selected and inoculated
with nematodes at the inoculum load of O, 78, 100, 125.°
150 and 209 ncmatodes per g body weight, after allowjubs
the grubs 24 h to establish in the offered feed. par of
were lncuboted et roca temperature (28—32'0)./25_2903.

gruba ware later incubated in & BOD 1nc“bfﬁ'on nematode

to stu the influence of tenm
a - perature, 3a per=-08 with

infectivity. 8elected grubs w :
¥ v exe iﬁﬁmnt at regular

1500 nematodes each and were disse-

/Ah bark picces also vas

intervals, Survivel of nematerd

/of bark pieces with

studied by incculating a nur”

pleces on Eirst, second, third,

nematodes, washing the b+’
ibectively and exemining the

fourth snad fifth day,.

7
en.
washings for li?nlﬂnatOd



_ The results indicate that the nemetode could

not induce mortality of the cashew stem borer Qrubs.

The moximum rmortality was observed in first instar,

whers 15 out of 120 grubs treated were dead. ¥While 10
ocut of 120 treated grubs died in the case of sscond
instar grubs, the third, fourth end f£ifth inater grubs
with nematodes Qid hot result in any mortality. The desd
grubs were black in cclour aﬁq did not ylield sny namatodes
when placed in nsmatode extrection dish.

Per~os inoculation of the grubs too falled to
bring about any mortality in the treated grubs. Live
namatodes vere recovered from the treatad bark pleces

even after five days.

Results of the presant study were not in conformity
to &n earlier report of 60 per cent mortality st a dossge
of 100 narnes per g body uoight; The exact resson for the
variation could not be inmediately ancartaingd.
The warieble results suggest the posaibility of different
strains having beech employed in the two studies. Suppression
of the infectivity of nenratocde-bacterium corplex by

antagonistic factors in the alimentsry canel is sleo
speculated.



SUMMARY

A laboratory experiment was conducted at the
Department of Agricultural Entomology, Collegs of
Horticulture, Vallanikkere, to explore the posasibility of
controlling the populations of cashew stem borer,
Plocsederus ferruginaus L. by using tha entomogencus
nenatoda DD=-135 (Neoeplectana carpocapsze Weiser).

From each inhstar, 130 grubs ware selected and incculated
with nematcdes et the incculum load of 0, 75, 100, 128,
150 end 200 nematcdes per g body wveight, after sllowving
the grubs 24 h to eatiblish in the offersd feed. The grubs
were lncubotsd at roocm temperature (20-32°C). A nunbar of
grubs were latsr incubated in a BOD incubator at 25-29°C,
to study the_influence of temperature, if any, on nematode
infectivity, Selected grubs weza-inocullted per=03 with
1500 nematodes each and were diasected out at regular
intervals. Survivel of nenatcdes on bark pieces also was
studied by inoculating a nurnber of back pieces with
nematcdes, washing the bark.pleces on €irst, seccnd, third,
fourth and fifth day, reapectively 2nd examining the

washings for live nematodes.



‘ The results indicate that the nematods couid

not induce mortslity of the cashew stem borer grubs.

The maximm mortality wes observed in first inster,

vhere 15 cut of 120 grubs trested were desd. While 10
ocut of 120 treanted grubs dled'in the case of ascond
instar grubs, the third, fourth and fifith inster grubs
with nematodes 4id not result in any rortality. The deed
grubs were black in colour and did not yield auny nematodes
when placed in nematode extrecticn dish.

Per-os inoculation of the grubs too failed to
bring about any mortelity in the treated grubs. Live
nenatodes vere recovered from the treated bark pieces

even after five Aays.

Resulte of the prasant study were not in conformity
to en esrlier report of 60 per cent mortelity et a dosage
of 100 nemes per g body weight. The exact resscn for the
variation could not he 1mmediite1y sscertained.
The variable results suggest the posaibilitf of different
straina having been employed fﬁ the two studles. Sugpression
6: the infectivity of ncmatode-bacterium complex by

antagonistic factors in the alimentary canal is slso
!DCCM]. ated.



Thus the present studlies have Indicated@ that

the namatode Heogplectenn carpocepsas cannot be uszed

as a blo-cocntrol agent againat stem and@ root borer

Plocaederus ferrugineuas.

The results 0f the present inveatigations call
for in de=pth studles on hoat nematode parasite relstionship
a3 well as studies intc the possible use of other orgenienms

for the blo-control of cashew stem borer.
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An experiment was conducted at the Depertment
of Agricultural Entomology, College of Horticulture,
Vellanikkers to evaluate the posaibility of utilisaticn
of the DD«136 nematode, Heoaplectana carpocipsae Weiser

to control the grub populations of stem borer of cashew
Plocaederus ferrugineus L. The grubs, beloanging to
different instcrs were treated with different doses of
the nematode under simulated field conditions.

The results of the study indicated that the
nematode is incapable of inducing mortality of the grubs
of cashev stsm borer, even under conditions favoursble

for the nematode.

Detailled, in-depth studies on thes varicus aspects
of host-nenatode paravcite relationships are warrented.
Also, it will be worthwhile to examine the possibilities
of uling other blo-control agents sgainst the ceshew

stem borer.





