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ABSTRACT

Field evaluation of synthetic sex pheromones
for the use of monitoring male moths of Spodoptera
litura and Heliothis armigera in groundnut fields was
carried out at Munivaripalem (Bapatla) of Guntur
district, Andhra Pradesh during post rainy season (rabi)
of 1988-'89. Significant correlations were observed
between S. litura male moth captures in the pheromone
traps and counts of egg masses, larval population and
plant damage levels in groundnut when trap catches were
compared with egg masses, larval populations and plant
damage counts made 4,12 and 20 days later. Similary 1in
H. armigera the peak larval and damage counts coincided
with 8 and 18 days prior catches of male moths. Based
on the regression equations worked out from the male
moth trap captures, larval populations and damage
counts, tentative economic theréholds in terms of trap
catches were worked out for use 1in decision making 1in
the chemical control of these pests.

In trap efficiency studies, ICRISAT funnel trap
was more effective 1in trapping and as such suggested for
mass trapping. For monitoring either ICRISAT funnel
trap or sleeve trap could be useful. The commercially
available pheromone consisting a blend of (2)-11-
hexadecenal and (2)-9-hexadecenal in 97:3 ratio was more
efficient than other blends evaluated. The studies on
rhythms of sexual activity indicated that the highest



average catch was between 2.00 am to 4.00 am followed by
10.00 pm to 12.00 midnight for S. litura and 2.00 am to
4.00 am followed by 12.00 midnight to 2.00 am for
H. armigera. 1In H. armlgera moth emergence coincided
with peak trap catches in the night.

The presence of sex pheromone in the females of
A. modicella was demonstrated both in laboratory studies
involving wind tunnel and in the field utilizing the
sticky traps baited with virgin female moths. The
attractancy with excised virgin abdominal tips and its
extracts in methylene chloride strongly confirms the
evidence of the pheromone in female moths.

The mating responses started from the first day

of emergence in both sexes. The response/attractive-
ness was maximum at 1 day old males and females and were
at peak during 4.00 am to 6.00 am. Antennae ablation

studies indicated that antennae of the males are the
principal organs for perception.

In A. modicella the female sex pheromone gland
is situated” dorsally in the intersegmental membrane
between 8th and 9th abdominal segments in the form of
eversible sac or fold. The pheromone gland in
H. armigera 1is in the form of a complete ring between
the § and 9 abdominal segments. The morphology of the
female reproductive systems of A. modicella and
H. armigera have been described in detail.
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CHAPTER I

INTRODUCTION

Insect pests constitute one of the major
constraints impediny the groundnut production in our
country. While 70 insect species have been reported

to damage; leafminer (Aproaerema modicella Dev.) and red

hairy catérpillar (Amsacta albistriga Wlk.) have been
considered to be major pests of this crop. Of late,

tobacco caterpillar (Spodoptera litura Fab.) and gram

caterpillar (Heliothis armigera Hub.) which were

secondary pests of groundnut, have now assumed serious
Jest status particularly during post rainy season. The
matter of serious concern in the last few years is that
these pests acquired resistance to commonly used
insecticides (Reddy and Rosaiah, 1987) including the
synthetic pyrethroids and thus leading to greater losses
in yield due to the damage of these pests. The
leafminer intensity and damage has also been ascending
in the recent years (Amin, 1987) due to changes in the
clltivars and the intensity of management practices.
Serious losses due to leafminer are often caused because
of non-perceptdhon of the time of application of
insecticides. Even 1in the red hairy caterpillar which
causes total damage but sporadically, the time of
oécurence of the pest and of insecticidal application

has been visualised as major bottleneck. Thus the



growing pest problems and unamenability of insect pests
like H. armigera and S. litura for control by
insecticides warrants a change in the strategy in pest
management in groundnut. Among alternatives/new
components of pest control, insect sex pheromones appear

to have great promise.

Insect sex pheromones which mediate the
.

behaviour that help in mate finding and courtship have
several characteristics making them particularly
suitable for use in pest management programmes. They
are effective in very small quantities and unlike
insecticides they are specific for the target insect.
They have no effect on other organisms including
parasites and predators and thus totally compatable with

pest management systems utilising biological control.

Use of sex pheromones in insect pest control
was first indicated by Gotz (1951). Subsequently the
pheromonal chemicals responsible for the mediation and
mating have been identified for several insects and many
of them were incorporated in pest management programmes.
As many as 674 pheromones have been isolated and
identified for insect species by 1982 (Klassen et al.).
The use of sex pheromones fall into three broad
categories viz., monitoring, mass trapping and

disruption of mating communication. Besides, lure and



kill method involving the use of sex pheromones and
insecticides is also being developed. Further the
spread of virulent pathogens by males picked up at the
pheromonal source is contemplated to open new
possibilities for pheromonal manipulation. Significant
progress made in the use of sex pheromones in pest
management has been indicated (Shorey, 1970; Wolf et
al., 1971; Oyama, 1977; Gothilf et al., 1979; Gupta and
Agarwal, 1983; Lal et al., 1985; Patel et al., 1985;

Pawar et al., 1988).

Although much progress has been made in the
development and use of synthetic pheromones elsewhere
(Campion, 1984), the field of pheromone studies is at
infancy in our country. While for 22 insect pests of
agricultural importance in our country the pheromones
have been developed (Bajikar and Sarode, 1986) their use
in the management of about half a dozen pests has been
explored. In case of groundnut, pheromones of S. litura
(Z,E 9,1l-tetra decadienyl acetate and Z,E 9,12 - tetra
decadienyl acetgte in the ratio of 10:1) and H. armigera
(2,11-hexadecenal and Z,9-hexadecenal in the ratio of
97:3) are being put to limited use of management of
these pests on cotton following a few exploratory

studies (Patel et al., 1985).



A few such studies undertaken on tobacco
(Dhandapani, 19855 blackgram (Krishnaiah, 1986,am1cﬁnlies
(Venkateswara Rao, 1986). On groundnut, there has been
practically no studies for use of these available
pheromones. Further there is no information on the sex
pherqmone systems of other groundnut insect pests
including leafminer. Therefore, the present investiga-
tions were undertaken to study the logistics for use of
available synthetic sex pheromones of §. litura and H.
armigera on groundnut and to find out the presence of
pheromones in leafminer. The objectives of these

studies are as follows:

1. To determine the relationship between pheromone
trap captures of S. litura and H. armigera and
on the incidence of egg, larval and plant
damage of these pests on groundnut for working
out probable gross parameters, for taking
decisions on the need of applying chemical

contrpl measures through tentative threshold

levels.
2. To demonstrate the presence of sex pheromone in
A. modicella and understand the male

behavioural responses to a female produced sex

pheromone.



To generate information on the pheromone
production and perception in A. modicella, H.

armigera and S. litura.

To locate and describe the sex pheromone glands
and describe the morphology of female
reproductive systems in A. modicella and H.

armigera.
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CHAPTER II

REVIEW OF LITERATURE

The phenomenon of one sex being attracted
towards the opposite sex is not new in insects. As long
ago as 1837, Von siebold recognised that odours emitted
by female insects, probably sex attractants for males
of the same species and that the odours secreted by some
male insects were aphrodisiacs that incited females to
mate. Fabre (1904) verified that a caged female of
great peacock moth, Saturnia pyri (Linnaeus) could
attract large number of male moths. He accepted that
insect could detect the odours of other insects, but he
could not believe that such odours could operate over

long distances.

Before Karlson +“and Butenandt (1959) and
Karlson and Luscher (1959) proposed the name
"pheromones", various workers referred pheromones as
"ectohormones", "telergones" (Kirschenblatt, 1958).
Karlson and Luscher (1959) gave an etymological explana-
tion for their term, stating that the ending "mone" is
regarded as a proper suffix used in such scientific

terms’ as "hormones", '"gamones" and "termones".

Pheromones can be mainly used in three ways in
pest management programmes viz., for monitoring the pest

population so that chemical control measures can be



undertaken at appropriate times; for removirc the
insects of one sex en masse from an area L. nmass

trapping and lastly for disrupting the mating cetween
the two sexes of a pest species (Marks, 1977). A number
of recent reviews have appeared in the literature on the
utility of pheromones in pest management (Grosser, 1971;
Shorey, 1972; Tette, 1972; Roelofs, 1974; Shorey, 1977;

Mitchell, 1979; Kydonieus and Beroza, 1982).

Various aspects of insect sex pheromcnes have
been reviewed in a comprehensive manner by several
workers (Poulton, 1927; Crescitelli and Geissman, 1962;
Munakata, 1963; Kullenberg, 1964; Jacobscr, 1965;
Kassang, 1965; Moore, 1965; Butler, 1967; Atkins, 1963;
Muto, 1968; Karlson, 1969; Pavan and Quilico, 1969;
Beroza, 1971; MacConnell and Silverstein, 1%71). Sex
pheromones among the lepidoptera are reviewecd mainly
by Matthews and Knight (1963); and Jacobson et al.
(1970). It is not within the scope of the present review
to cover all these aspects, in detail, but the
intention has been to restrict it to important
publications that deal mainly with the pheromone systems
in lepidopterous pests with special emphasis to the work
done in India. Many of the aspects that are of
immediate relevance to the subject of the thesis have
been included in “"Discussion" chapter and as such

omitted from the chapter on review.

~I



2.1 DEMONSTRATION OF SEX PHEROMONE

Living virgin female moths as baits for luring
males to traps have been particularly used in sod web

worm Crambus trisectus (Banerjee and Decker, 1966),

Trichoplusia ni (Sawer et al.1971),H.zea (Snow et al.,
1972), H. virescens (Hail et al., 1973), S. litura
(Tamaki and Yushima, 1973) and Earias vitella (Sardana,
1988) to demonstrate the presence of sex pheromone in

females.

Positive response of males to females have
been demonstrated in the wind tunnel by several workers

in Rhyacionia buoliana (Daterman, 1968), Estigmene acrea

(MacFarlane and Earle, 1970), S. littoralis (Murlis and

Bettany, 1977) S. litura (Oyama, 1977), various Heliothis

spg. (Carpenter and Sparks, 1982; von, 1984) and
Phthorimaea operculella {Ono,b1985). Following the

demonstration for the presence of sex pheromone using
virgin fémales in the wind tunnel, most of the above
workers also confirmed the presence of sex pheromone in

the excised female baited tips in the wind tunnel.

Ouye and Butt (1962) demonstrated the presence
of a sex attractant in extracts of akdominal tips of the

female pink bollworm, Pectinophora gossypiella. Since

then similar responses to the extracts of the abdominal

tips have been reported with H.virescens (Mitchell



et al., 1974), Phthorimaea operculella (Hindenlang

et al., 1976), Rheumaptera hastata (Werner, 1977),

Plutella xylostella (Koshihara and Yamada, 1978),

S. exempta (Khasimuddin and Lubega, 1984) both in the

laboratory and under field conditions.

2.2 SEX PHEROMONE GLANDS

A good review of the literature pertaining to
the sex pheromone tglands was published by Jacobson
(1966) . Jefferson v et al. (1968) described the
morphology of the female sex pheromone glands of 8
species of noctuidae. The gland is situated dorsally in

the intersegmental membrane between abdominal segments 8

and 9 in Autographa californica, Pseudoplusia includens

and Rachiplusia ou. In P. includens,the gland is an
eversible sac, but in A. californica and R. ou it may
be an eversible sac or fold. In S. exigua and Feltia
subterranea ’the gland is an eversible sac situated
ventrally in the intersegmental membrane between 8 and 9

segments. Tne gland in H. phloxiphaga, H. virescens

and H. zea 1is a complete ring of epithelium between
segments 8 and 9 which is more highly developed
ventrally in H. virescens. Although the exact manner
of pheromone release is not clearly understood, it has
been postulated that in the case of Bombyx mori, the

pheromone penetrates the cuticle and is retained on the
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surface in the invaginations of the non extruded gland
until the latter becomes everted during calling (Stein-

brecht, 1964).
2.3 BEHAVIOURAL STUDIES

It has 1long been known that chemical sex
attractants, are detected by means of sense organs
located mainly in the antennae. In lepidoptera, the
antennae are probably the sole organs of chemoreception.
Hauser (1880) reviewed the subject of insect olfaction,
beginning with the work of Lefebvre (1838). Hauser
(1880) while describing the anatomy of the antennae

also stated that males of Saturnia pavonia and

Porthetria dispar deprived of their antennae never

mated. The fact that olfactory receptors are usually
located on or in the antennae has been substantiated
through antennae ablated experiments by many
investigators ir Trichoplusia ni (Shorey, 1964; Grant
and O'Connell, 1986% H. zea (Agee, 1969), H. armigera

(Konyukhov et al., 1980), Autographa californica (Payne

et al., 1973),s. litura (Aihara and Shibuya, 1976).

Corcyra cephalonica (Darshansingh and sSidhu, 1976) and

Pectinophora gossypiella (Smith et al., 1978).

Although many species of insects may produce
and emit sex pheromones during their entire life span

beginning at the time of emergence, many others do not



attain sex maturity until they reach a certain age and
the pheromone production may cease sometimes before the
natural death of the insect. Similarly, the responding
sex may or may not be sexually mature at emergence.
Relationship of age to calling of female moths has been
reported in few instances like in S. litura (Yushima et
al., 1974), s. littoralis (Kehat et al., 1976), Dia
crisia obligua (Islam and Alam, 1979) and in H.
virescens (Henneberry and Clayton, 1985) for wvarying
days after emergence. Similarly, male attractancy do

differ with the insect species and differences with

the age of the males have been observed in S. litura

(Yushima et al., 1973; Chu et al., 1987), H. zea

(Delorme and Payne, 1984) and H. virescens (Henneberry

and Clayton, 1985).

Sex attractants and excitants in insects are
released only immediately before or during the period of
the day in vhich mating normally occurs and it is also
known that many species produce their pheromones as they
are needed. 1In moths mating normally occurs during the
hours of darkness. The peak mating activities or
presumably pheromone release do vary with the species
of insect but in majority of moths mating occurs 6 to 9

hours after darkness in Dioryctria abietella (Fatzinger

and Asher, 1971), Phthorimaea operculella (Ono and Sato,

1973), S. litura (Yushima, et al., 1973), Agrotis

11



ipsilon (Swier et al., 1976), S. littoralis (Elsayes

and Kaschef, 1977; Dunkelblum et al., 1987),§; exempta
vKhasimuddin, 1978; Dewhurst, 1984) and H. armigera
(Topper, 1987). Mating during morning (Trehan and
Bhutani, 1949) day time (Pandey et al., 1978) as well
as during the day or night (Mehra and Shah, 1970) have
also been reported. Duration of response/mating have
been found to be independent with the insect species and
few minutes to several hours have been observed, for
instance 1n H. armigera 45 seconds to 10 minutes (Singh
and Singh, 1975), §S. littoralis 80 to 100 minutes
(Elsayes and Kaschef, 1977) and 1n Diacrisia obliqua 4

to 8 hours (Siddigi 1985).

A basic knowledge of the reproductive ~/stems
may help in understanding of the pheromone systems 1in
insects. The morphology of reproductive systems 1in

detail have been studied in H. zea (Callahan, 1958;

Callahan and Cascio, 1963), Leucinodes orbonalis
(Srivastava, 1960), Sitotroga cerealella (Joubert,
1964), Utethesia pulchella (Mathur, 1965L Diatraea

grandiosella (Davis, 1968), Choristoneura fumiferana

(Retnakaran, 19705 Laspeyresia pomonella (Ferro and

Akre, 1975), Plutella xylostella (Yang and Chow, 1978)

and in S. litura (Ahmed et al., 1979).

12



USE OF PHEROMONES IN PEST MANAGEMENT

Active management of many of the insects, until
now, been based largely on chemical control. However,
there is a potential for other elements of management.
Passive management, involving the witholding of sprays
when insect abundance is low or when natural control
factors are effective, is recognised as a first step to
reducing insecticide use. Improved crop scouting has in
itself led to a substantial reduction in spray
application. This can be fulfilled by the monitoring
of pest population by comparing the captures of males
of pheromone baited traps with the number of eggs laid
in the crop, the larval populations and the damage

estimates.

The positive correlation between the pheromore
trap catches and the egg counts have been recorded in S.
litura (Nakasuji and Kiritani, 1976), s. littoralis
(Iss-Hak et al., 1982), H. armigera (Rothschild et al.,
981) and in H. virescens (Johnson, 1983). Highly
significant positive correlation was reported in 4
trapping sites out of 27 sites for red bollworm,

Diparopsis castanea on cotton between moth catches and

oviposition (Marks, 1977).

Several researchers correlated larval

population with pheromone trap catches. Kehat and Bar
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(1975) in Earias insulana, McVeigh and Campion (1977) in
S. littoralis, sShelton and Wyman (1979) in Phthorimaea

operculella adBsker 2t al. (1982) in Plutella xylostella

noted significant correlation between the larval
population and pheromone trap moth catches. Very
recently Krishnaiah (1986) in S. litura and Newton
(1987) in H. armigera significantly correlated the

larval populations with the moth catches.

Relationship between the damage estimates and
oheromone trap catches has been noted by few workers.
Madsen ad Vakerti (1973), Reidle and Croft (1974), Cranham
(1979) 1in Cydia pomonella, Shelton and Wyman (1979) in

Phthorimaea operculella, Ivanov et al (1981) in

Grapholitha molesta, Kolesova and Chymr (1982) in Cydia

nigricana/ Page et al. (1984) in  lectinophora
gossypiella and Krishnaiah (1986) in §. 1litura have
shown positive correlation between pheromone trap
catches and plant damage. In tobacco budworm
H. virescens Tingle and Mitchell (1981) have established
a positive correlation between trap catches, larval

population and plant damage in tobacco.

In many species that have studied, the daily
rhythms of sexual activity evidently are endogenous in
nature and thus Circadian (Brady, 1974; Saunders, 1976;

Beck, 1980). Studies with §. 1litura (Yushima et al.,
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1973; Balasubramanian, 1982; Dhandapani, 1985) s.

frugiperda (Mitchell et al., 1974; Ramaswamy, 1988) S.

exempta (Dewhurst, 1984) Agrotis fucosa (Ohira et al.

1974) Plutella xylostella (Yamada and Koshihara, 1980) and

H. armigera (Topper, 1987; Dent and Pawar, 1988) have
indicated that the pheromone trap catches vary with the
species of the insect and the time of peak catches vary
between dusk to dawn. It has been observed that these

rhythms can be modified by exogenous environmental cues.

The trap efficiency will vary between species
and for each trap design but the electric grid trap has
been shown to be more efficient design (Lingren et
al., 1978; sparks et al., 1979). ‘.he efficiency of
sticky traps was generally low (Marks, 1978; Lingren et
al., 1978; Rabson and Mitchell, 1981) but higher trap
catches also have been recorded (Timmons and Polter,
1981) with some pest species. There appears to be little
published work on trap efficiencies of sleeve traps
or funnel traps. Funnel traps have been demonstrated to
be more efficient (Raman, 1973; Pawar et al., 1988).
However, hallow cone traps (Wilson, 1984) and texas
traps (Sage and Gregy 1985) have been reported to be

more efficient than the funnel traps.

The search for attractants of H. armigera and

H. punctigera began in 1975, with the screening of



compounds known at that time to be components of sex
pheromones of new world species of Heliothis, H. zea and
H. virescens [(Z)-1ll-hexadecenal (2Z11-16:ALD) and (Z)-9-
tetradecenal  (Z9-14:ALD)) (Roelofs et al., 1974;
Tumlinson et al., 1975). The presence of Z11-16:ALD in
female H. armigera was confirmed by Piccardi et al.
(1977) but obtained poor trap catches under conditions.
Later poor trap catches were explained by the
identification of the most important minor component of
H. armigera females was shown to be (Z)-9-hexadecenal.
At present, monitoring H. armigera is based on 10:1

mixture of Z11-16:ALD and 29-14:ALD. Several ratios of

the major and minor components for H. armigera
(Rothschild, 1978; saltar-sade et al., 1981; Pawar et
al., 1983) H. virescens (Hendricks, 1976; Mitchell,
1978; Flint et al., 1979; Ramaswamy et al., 1985) H.

zea (Halfhill and Mc Donough, 1985) have been tested and
obtained varying number of moth catches with different
blends. N

The use of sex attractants in insect control,
particularly for the lepidoptera, has been pointed out
in reviews by Gotz (1951), Beroza and Jacobson (1963),
Shorey et al. (1967) and Knipling (1969) as well as in a
number of other brief reviews (Wright, 1963; Beroza,

1965 and 1966; Asakawa, 1967; Jacobson, 1970; Shorey,

1970 and Outram, 1971).

(=]
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Numerous males of certain species of moths can
be lured to their deaths by the use of even crude
extracts of the females placed advantageously in traps
with 1nsecticide or on sticky boards (Jacobson, 1963)
and the use of a mixture of sex attractant and a
chemical sterilant merits trial. Insects responding to
the attractant could thus be brought in contact with the
chemosterilant and then be free to fly off and mate
with normal 1individuals of the opposite sex; such

matings would, of course, result in no progeny.
2.5 PHEROMONE SYSTEMS IN GROUNDNUT PESTS

While there are numerous cases of pheromone
studies 1n lepidopterous pests of several crops, the
pheromone studies on the lepidopterous pests 1infegting
groundnut are inadequate. Some preliminary studies have
been made with S. litura (Dhandapani 1985; Patel et
al., 1985; Krishnaiah, 1986; Venkateswara Rao, 1986)
with H. armigera (Dent, 1985, Lal et al., 1985; Patel et
al.. 1985; Pawar et al., 1988) and were mostly confined
to the crops other than groundnut. It may be stated 1n
general that our knowledge of pheromone systems 1n

insects affecting groundnut 1s rather very limited 1n

India and there 1s considerable scope and need for

undertaking research on this important aspect.
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CHAPTER III

MATERIALS AND METHODS

3.1 PHEROMONE TRAPPING

Pheromone trapping studies were undertaken on

Spodoptera litura and Heliothils armigera 1in the farmers

fields at Munivaripalam, Bapatla, Guntur district,
Andhra Pradesh, which 1s a hot spot for these pests.
The observations lasted for one crop season commencing

from January 27 to Apral 16, 1989.

3.1.1 Trap design

A standard sleeve trap (Plate 1) supplied by
"Pheromone Chemicals", B-6, Industrial Estate, Bapatla,
Andhra Pradesh used for trapping both the pests. The
trap consisted of a metallic frame with thin plate
canopy (13.5 cm diameter) and a battering to which a 50
cm long polyethylene tube 1s clipped. The trap 1s kept
1n position by tying at neck and tail end to 1 m long

bamboo stick.

3.1.2 Dispenser

Rubber septa of 1.5 cm length and 0.6 cm
diameter 1impregnated with synthetic pheromone mixtures
were used as dispenser which are fixed to the bottom of

the canopy plate. The pheromone corposition used was

given below.
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Pest Pheromone components Ratio Authors

S. litura 2,E 9,11-tetra deca-
dienyl acetate and 10:1 Chiu and
Z,E 9, 12 - tetra Chien, 1979
decadienyl acetate

H.armigera  (Z)-ll-hexadecenal 97:3  Nesbitt
(Z)-9-hexadecenal et al.,

1980

These pheromones attracted the males and
polyethylene tube served as retaining device. Carbaryl
dust (2-3g) was sprinkled inside the tube to kill the
collected moths. The moths, thus trapped were
monitored daily throughout the experimental period. The

dispensers were changed once in 20 days.
3.1.3 Layout of pheromone traps

In a continuous block of three groundnut
fields for each pest which are designated as fields, A,
8, C in case of §. litura and fields I, II, III in case
of H. armigera. Each field measured an area of 1
hectare with a total of 6 hectares (Fig. 1). The
sleeve traps were fixed in the field at 30 m apart
maintaining a density of 3 traps (plate 2) per hectare
(total 9 traps for each pest). The traps were
positioned in the field from January 15, 1989, i.e.,

two weeks after sowing.

21
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3.1.4 Recording trap counts

Male moths started appearing in the traps only
from January 27, 1989. Collection of moths in the
traps lasted till the harvest of the crop. Male moth
counts for both the pests were recorded daily at 8.00
am. Groundnut was sown by the cooperating farmer in the
first week of January, 1989 and insecticidal treatments
were totally avoided in these fields by paying

compensation for the loss due to pest incidence.
3.1.5 Recording pest counts and damage

3.1.5.1 Egg masseg of S. litura: Egg masses were
counted from a sampling unit of 2 m x 2 m (approximates
100 plants) area demarcated at about 15 m away from
each pheromone trap. There were three sampling units
per one hectare field, totalling 9 sampling units. All
the groundnut plants in the sampling area were observed

thoroughly for locating the egg masses of S. litura.

The egg masses were removed immediately after
the counting to avoid recounting during next sampling.
Egg masses were counted on alternate days commencing

from the appearance of moths in the traps.

In case of Heliothis, no egg count was made
and only larval counts were taken due to difficulty in

locating the eggs.



3.1.5.2 Larval population counts: On the basis of
visual judgement of the head capsule size the larval
stages of the test insects were classified into two
groups viz., early larval stage - lst, 2nd and 3rd
instars; late larval stage - 4th and 5th instars incase
of Heliothis and 4th, 5th and 6th instars in case of
Spodoptera. Six sampling areas 2 m x 2 m
(approximately 100 plants) were wmarked for different
larval instars (one sampling area for each instar
separately) 15 m away from each trap in six directions.
Totally there were 18 sampling areas for Spodoptera, 15
sampling areas for Heliothis per hectare and these were
demarcated with pegs. The larvae of each instar were
counted from each sampling unit and removed to avoid
recounting of the larvae in the subsequent count. The
larvae were counted at alternate days commencingy from

the appearance of eggs in the field.

3.1.5.3 Assessment of damage: The damage was assessed

for both Spodoptera and Heliothis by demarcating 2 m x

2 m field (approximates 100 plants) with pegs. There
were three sampling areas per hectare (9 for each
pest). The leaves damaged by test insects were
distinguished by skeletonisation by freshy hatched
larvae followed by defoiiation of leaflets leaving only
viens for S. litura and semi to vircular holes on the

leaflet margins for H. armigera. Coalescence of holes

26,



in the leaflet forming into bigger holes were common

with Heliothis damage.

The number of leaves damaged were recorded and
removed to avoid recounting in subsequent damage
assessment. The quadrifoliate was taken as a unit and
even if one leaflet is damaged the entire quadrifoliate
was removed. The damage was assessed on alternate days

following the appearance of egg masses and larval

stages.
3.2 EVALUATION OF TRAP DFSIGNS FOR TRAPPING
SPODOPTERA AND HELIOTHIS
Two types of traps viz., ICRISAT funnel traps
{Pawar t al., 1983) and sleeve traps (Plate 3) were

evaluated to assess the trapping efficiency in vespect
of S. litura and H. armigera ir the groundnut fields.
ICRISAT funnel trap consists of a white funnel (21 cm
diameter) on which an aluminium plate (25 cm diameter)
is surmounted at a height of 5 cm. A polyethylene bag
is wired to the rim of the funnel to collect the
trapped moths. Carbaryl dust (5%) is sprinked in the
polyethylene bag to Kill the moths collected 1in the
bag. A provision is made for suspending the dispenser
from the centre of aluminium plate. These funnel traps

obtained from ICRISAT, Hyderabad.
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These ICRISAT funnel and sleeve traps were
positiocned in 4 hectare groudnut field (2 hectares area
for each pest) maintaining 30 m distance from one
another. The dispensers impregnated with respective
synthetic pheromone mixtures were loaded in the traps,
which were changed at 20 day intervals. The trap
counts were recorded daily at 8.00 am. The
observations lasted for about 70 days from February 1

to April 11, 1989.

3.3 EVALUATION OF RELATIVE ATTRACTANCY OF
DIFFERENT PROPORTIONS OF ACTIVE COMPONENTS OF

HELIOTHIS PHEROMONE

The two primary components of synthetic sex
pheromone of H. armigera [(Z)-1ll-hexadecenal and (Z)-9-
hexadecenal] were tested in different ratios of 97:3,
94:6, 91:9 and 88:12 using 2 mg dose in all baits. The
sleeve traps baited with these ratios and were
positioned at 30 m apart in 4 hectare groundnut field
(1 hectare for each ratio). There were three traps for

each ratio tested and in total 12 traps.

Heliothis male moths captured in pheromone
traps were counted every day at 8.00 am during March 7
to April 10, 1989. The septa was changed after 20
days. The efficiency of the ratios was assessed based

on the number of moths trapped in each blend.
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3.4 CULTURING OF TEST INSECTS

3.4.1 Groundnut leafminer (Aproaerema modicella)

Groundnut leafminer pupae obtained from the
groundnut field plots of ICRISAT, Hyderabad formed the
nucleus culture for the present studies. The pupae
were placed in a small petridish (5 cm diameter) for
the emergence of moths in large cages (lm x 1 m)
having the potted plants of the groundnut variety JL-24
and the culture was maintained in the glass house,
Department of Entomology, College of Agriculture,
Rajendranagar, Hyderabad was wused for different
studies. As and when necessary, some of the field
populations mostly late larval stage or pupae of the
leafminer collected from the fields of Agricultural
College Farm and ICRISAT fields were supplemented for

the studies.
3.4.2 Gram caterpillar (H. armigera)

Five pairs of H. armigera moths obtained from
the culture maintained at ICRISAT were kept in one
litre glass jars. All glass jars and rearing trays were
cleaned with chromic acid and then washed under tap
water and finally rinsed with distilled water and dried
in an oven at 160°F for six hours to avoid

contamination from NPV virus.



A cotton swab dipped in 10% honey was kept in
the container as feed for the moths. Strips of muslin
cloth were hung inside the cage for oviposition. The
méths usually lay eggs on third day after emergence.
The muslin cloth on which eggs were laid was taken out
and rinsed in 1.8% sodium hypochlorite solution for
five minutes. It was then washed under running tap
water for at least fifteen minutes. This was done to
avoid microbial infection which could be carried from
the parent to offspring. The cloth was dried and
placed in a rearing tray containing the artificial diet

described by Nagarkatti and Satyaprakash (1974).

When the larvae attained second instar, they
were isolated and reared individually in the
partitioned tray containing the diet, as they tend to
e cannibalistic. As and when the larvae entered the
oupal stage, these were taken out, sexed and equal
number of males and females were kept for emergene
(Natarajan Paul, 1979). The moths lived for about 6 to

9 days.

Ingredients of the artificial diet of
H. armigera are 105 g Bengalgram powder 10 g yeast,
12.8 - g Agar-agar, 3.25 g Ascorbic acid, 1 g Sorbic
acid, 2 g Methyl parahydroxy benzoate, 2 ml Formalin
10% solution, 1 capsule of Resticlin (250 mg), 3

capsules of Multivitamin and 780 ml water (Nagarkatti
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and Satyaprakash, 1974). Half the quantity of water
"was taken in a blender. While blending, all the
ingredients except agar-agar and formalin were added
one after another. The remaining quantity of water was
boiled and agar-agar was added to it, till it got

dissolved. Then, it was poured into the blender with
the other ingredients and was thoroughly blended.
Finally, formalin was added, blended and the mixture
was poured in a shallow gea{ing tray. On cooling, the
mixture was solidified as a cake which was used for
rearing the larvae of Heliothis. The diet was stored
in a refrigerator until needed. All the experiments
were carried out at a temperature of 26°+2°C and 65+5%

relative humidity with a 14 h photophase.
3.5 SEXING

Sexing of pupae was necessary for mass rearing
in the laboratory, to study the morphology of
reprodactive systems, pheromone gland location and
behavioural responses as it could not easily be done 1in
the adult stage. The distinguishing characters
observed on the eighth, ninth and tenth abdominal
segments of the pupae in terms of genital openings were

used as a main criteria for separating male and female

pupae.
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In H. armigera, mainly the pupae were sexed by
location of genital opening and anal pores on the ninth
and tenth abdominal segments in male and on the eigth,
and tenth abdominal segments in female (Plate 4). 1In
adult stage, the sexes were distinguished by the shape
of anomininal tip. Thej,abdominal tips of females were
blunt or round whereas pointed in males densely clothed

with hairs (Plate 5).

The pupae and adults of (male and female)
groundut leafminer, A, modicella  were also
distinguished by location of genital opening and anal
pores similar to that in H. armigera. 1In the leafminer,
sexing was done mostly at pupal stage. Pupae were
identified with a dull purple mark (testes) Kothai, 1974
situated between fourth and fifth abdominal segments
visible through the pupal skin which was not observed in
female pupae (Plate 6). Sexing at the late larval stage
was also done based on the visible developing testis
through male larval skin. In the adult stage the
leafminer moths were also sexed based on pointed

abdominal tip in male and blunt tip in female (Plate 7).
3.6 DEMONSTRATION OF SEX PHEROMONE IN LEAFMINER

Presence of sex pheromone in the leafminer was

demonstrated both in the laboratory and field. The



PLATE 4: VENTRAL VIEW OF THE POSTERIOR SIDE OF
THE ABDOMEN OF FEMALE AND MALE PUPAE OF H.
armigera SHOWING GENITAL AND ANAL APERTURE

PLATE 5: VENTRAL VIEW OF THE ABDOMENS OF
ADULT H. armigera BROADLY TAPERING IN FEMALE
AND NARROWLY TAPERING IN MALE
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PLATE 6: DORSAL VIEW OF A modicella OF MALE
PUPAE WITH DULL PURPLE LINE ON FIFTH ABDOMINAL
SEGMENT AND FEMALE PUPAE WITHOUT LINE

PLATE 7: VENTRAL VIEW OF THE ABDOMENS OF ADULT
A. modicella BROADLY TAPERING IN FEMALE AND
NARROWLY TAPERING IN MALE
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laboratory bioassay was performed using a wind tunnel
and field bioassay was conducted using sticky traps.
The wind tunnel experiments in the lab were conducted
at room temperature during night between 6.00 pm to

8.00 am.
3.6.1 Wind tunnel

The wind tunnel was fabricated by using
garware polyester transparent film, 175 microns
thickness of 40" width. This film sheet was cut,
turned and put in a circular position (100 cm 1length
and 26 cm diameter) as in Plate 8 with the help of
three wooden rings used in embroidary (26 cm diameter).
Thermocoal sheet of 7 cm thick was cut to the size and
shape of wooden rings and inserted in to them on either
the sides of the tunnel to serve as support to the

tunnel.

Before insertion into the tunnel, thermocoal
was perforated (Plate 9) with soldering rod to have
uniform sized and equally distributed holes for passage
of air wuniformly from the wind source (Fan). To
prevent the escape of insects through the holes of
thermocoal, a nylon mosquito mesh was covered on the

innerside of the thermocoal.

A 35 mm film case cut at three sides (Plate‘

10a) pasted with nylon mesh inside (Plate 10b) (to
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PLATE 8: WIND TUNNEL

PLATE 9: PERFORATEC THERMOCOAL SHEET






prevent the escape of insect), covered with the muslin
cloth (Plate 10c) and secured with the rubber band was
used to contain the females/males near the wind source.
At one end of the wind tunnel (near the wind source,
fan) a small flap (4x4 cm) was made cutting three
sides. The flap was given a cut in the centre upto
half distance to facilitate the insertion of the thread
used to hang 35 mm plastic case confined with
females/males. This case was hung by securing with

thread from the centre of the flap.

At the other end of the wind tunnel (opposite
to wind source) another flap of slightly bigger size
(10x10 cm) without centre cut for the release of
males/females. The wind tunnel was provided with

thermocoal supports.

The air flow of the wind tunnel was regulated
by adjusting the distance between the wind tunnel and
tabie fan (wind source) and also covering fan with the
muslin cloth. The stream of the air flow was adjusted
to the minimum so that no movement could be observed in

the cage containing the insects in the tunnel.

3.6.2 Demonstration of sex pheromone using wind

tunnel

Presence of pheromone in the females of

leafminer was first tested by confining 0°' day old
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single female in a plastic cage positioned wupwind in
the tunnel and 10 virgin males were released downwind
in the tunnel. The orientation, if any, of the males
to the females was observed continously from 6.00 am to
8.00 am at 10 minutes interval in scotophase with the
help of 7.5 volts torch with red filter (Cellophane
paper). A continuous gentle stream of air from the fan
served as a wind source. The experiment was replicated
thrice. Rapid vibration of wings, erratic and fast
movements with intermittant upcurving of abdomen,
hovering around the encaged females and finally
alighting on the cage was taken as a criteria for
attraction of males to female pheromone source in all
wind tunnel studies. In another wind tunnel (replicated
thrice), the male was tested as a pheromone source and
female response was recorded. Zero day old single male
served as 4a pheromone source and 10 females were
released down wind in the tunnel. Female movement in
response to male pheromone source towards upwind was

recorded.
3.6.3 Sticky traps

Sticky delta traps (pest-O-Lure insect trap),
used .to demonstrate the presence of sex pheromone in
female leafminer were obtained from pest control
(India) Pvt. Ltd., Bombay (Plate 11). The sticky trap

used was made up of gallon icecream cartons. The
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inside of carton smeared with a thin layer of sticky
material, trapped male moths, when males oriented to

female producing pheromone.

One virgin female “0' day old was baited in a
container (Plate 12) described earlier was huny from
the centre of trap and the trap was tied with a thread
to bamboo stick and placed in the leafminer infested
groundnut field at College Farm, Rajendranagar,
Hyderabad 40 cm above the ground level (Plate 13).
Three such traps were installed at 20 m apart. Trap
without virgin female was also kept in the field as
check. The traps were installed at 6.00 pm in the
night and the males caught in the each trap next day at

8.00 am in the morning were recorded.
3.6.4 Response to female abdominal tips

3.6.4.1 Wind tunnel: Abdominal tips of one day old
anaesthetized (chloroform) virgin female moths serveé
as a pheromone source to males in the wind tunnel. The
terminal abdominal segments (7-10) of female moths were
cut at the calling time (early hours at 4.00 am) with a
fine blade under sterioscopic microscope. Three
ablated abdominal tips were kept in a plastic cage
(described earlier) and 10 one day old male moths were

released downwind in the tunnel.
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Response of male moths described earlier to
female abdominal tips was observed with the help of

torch light having red filter continuously until the

response was ceased upto 8.00 am in the morning. The
experiment was repeated in 3 wind tunnels
simultaneously.

3.6.4.2 Sticky traps: Similarly one day old excised
virgin female abdominal tips (ablated at 4.00 am) were
kept as a pheromone source in the sticky traps and
three such traps and trap without virgin female
abdominal tips (check) were installed immediately in
the groundnut field at College Farm, Hyderabad. Male
moth counts in the sticky traps were taken at 8.00 um
in the morning to assess the response of males to

excised abdominal tips.
3.6.5 Response to extract of female abdominal tips

3.6.5.1 Wind tunnel: Eighteen one day old virgin
females were anaesthetized (chloroform) at calling time
(4.00 am) and the abdominal tips were cut with the help
of fine blade under sterioscopic microscope.
Immediately, these tips (18) soaked in 18 ml of
methylene chloride for about 2 hours. The solvent
extract was pipetted @ 1 ml, 2 ml and 3 ml (equal to 1,
2 and 3 female equivalents) per cigarette filter tip

which served as absorbant septa.
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Cigarette filter tip with corresponding
quantity of methylene chloride served as check. The
septa (cigarette filter tip)replicated thrice was kept
as source of pheromone at 6.00 am in the morning in
wind tunnel and the response of ten one day old males
released in each of the wind tunnel was noted based on
the orientation to the pheromone source described
earlier. Observations continued upto 8.00 am in the

morning and there were 3 replicates. .

3.6.5.2 Sticky traps: The sticky traés baited with
cigarette filter tips absorbed with one, two and three
ferale eguivalents of extract of the abdominal tips
(descriped earlier). Septa (cigarette filter tips)
were irnstalled at 6.0C pm 1in groundnut fiecld 1infested
with leaf miner. The filter tips incorpcrated with the
extract of the abdominal tips at 6.00 am in the morning
were utilized in the sticky traps at 6.00 pm on the
same day. Cigarette tip with methylene chloride alone
served as the control. The male moth catches were
recorded next day at 8.00 am in the morning 1in 3
replicates of each ml female equivalent of the extract

of abdominal tips.

3.7 BEHAVIOURAL RESPONSES OF A. MODICELLA AND
H. ARMIGERR.
These studies includes the moth emergence, age

related calling behaviour of female moths and responses




of male moths, rhythm of male attraction and female
attractiveness and role of antennae 1n pheromone
perception. Effect of continuous light on response of
males to female pheromone source was also studied. The
laboratory studies were made 1n the Department of
Entomology, College of Agriculture, Raj)endranagar,
Hyderabad and field studies 1n the farmers field at

Bapatla and also 1n the College Farm, Hyderabad.
3.7.1 Moth emergence parttern in different sexes

Duration of pupal period (male and female) and
time of erergence were recorded both in case of A.
nodicella and H. armigera. A homogeneous pupae of 50
each sex were taken (pupated on the same day) and kept
in glass jars for emergence. The pupal period was
recorded by daily observations at 8.00 am. A moth
found i1n the morning was recorded as being “O' day old.
The temperature and relative humidity ranged 26°.2%

and 65+5% during the observation respectively.

For determining the tine of emergence of moths
of A. modicella and H. armigera, 20 freshly formed
pupae of each sex were observed at two hourly intervals
from 8.00 pm to 6.00 pm (continuous day) wuntill all
noths emerged fronm the pupae. Pupae were observed
starting from 9th day after pupation of Heliothis and 2

days after pupation of leafminer.
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3.7.2 Age and time of pheromone release and response

of A. modicella

3.7.2.1 Wind tunnel: Age of mating response of males
to females, time and duration of mating were assessed
in the laboratory using wind tunnels. To assess the
optimum age of response of males to females, 0 to 5 day
old females were tested with 0 to 5 day old males. In
total there were 36 combinations. For each combination
test, three females and males used and was replicated
thrice (using three wind tunnels simultaneously).
Experiment was conducted i1n a dark room from 6.00 pm to
8.00 am, since no response was observed in day time.
Number.'of males rgSponded to the female pheromone
source, initiation time of respense of male and
duration of response were recorded. Observations
lasted entire night continuously at 10 minutes 1interval

with the help of torch light (7.5 volts) having red

filter.

3.7.2.2 Sticky traps: The wind tunnel experiments
conducted in the lab indicated that one day old females
were more attractxvé to males suggesting that they have
maximum calling. This was confirmed under field
condition using sticky traps. Virgin females of 0 to 7
day old @ 1 female per trap was confined in a sticky

trap (as described earlier) and traps were 1installed in

a leaf miner infested groundnut field at Agricultural



College Farm, Rajendranagar. For each day old female,
there were three traps with a trap to trap distance of
20 m. The traps were installed in the night between
6.00 pm and at 8.00 am next day morning. Number of

males caught per trap was recorded.
3.7.3 Rhythm of sexual activity

3.7.3.1 A. modicella: To find out the peak period of
att;action of male moths of groundnut leafminer, seven
peridds  during night grom 6.00 pm to 8.0C am,
observations at every two hour interval were taken in
groundnut field by using sticky traps. One day old one
virgin female was used as a pheromone source. Number

of males trapped at the lapse of each period of time

were recorded.

3.7.3.2 Assessment of peak time of attraction of S.
litura and H. armigera at pheromone traps: Catches of
male moths of §S. litura and H. armigera to the
synthetic sex lures were recorded from 6.00 pm to 6.00
am at two hourly intervals. Observations were takcn in
three sleeve traps for each pest positioned at 30 m
apart in 2 hectares groundnut field (1 hectare for each

pest) for seven days from March 29 to April 3, 1989 in

the farmers field at Bapatla.

The moths trapped were removed at 2 hourly

intervals i.e., 8.00 pm, 10.00 pm, 12.00 midnight, 2.00



am, 4.00 am and 6.00 am and counted. The sleeve traps
and the dispensers were secured from “Pheromone

Chemicals", Bapatla, Andhra Pradesh.
3.7.4 Pheromone perception in A. modicella

It is well known that antennae is mainly
involved in pheromone perception of lepidopterous
pests. To test the role of antennae in pheromone
perception in this species, one day old male moths of
leafminer were anaesthetized by exposing them to
chloroform fumes for a few seconds. Immediately the
antennae were excised with microscissors under
sterioscopic microscope. One day old female moths

were used as a pheromone source.

The perception of males to females was
assessed by confining 3 females (pheromone source) and
releasing 10 ablated males in a wind tunnel. One day
old males with antennae served as control. Movement
based on orientation or no orientation of males towards
upwind to the pheromone source was taken as a criteria
to assess the role of antennae in the pheromone
perception. The observations confined to 6.00 pm in

the night to 8.00 am in the morning.

58



3.7.5 Effect of 1light on response of males of

A. modicella

3.7.5.1 Wind tunnel: In laboratory, 3 females of one
day old used as phermone source upwind in the tunnel
and 10 males released downwind in the tunnel were kept
continuously in the light for three days (72 hours) to
determine the effect of continuous light (40 watts
flourescent tube 1light) on male response towards
female producing pheromone. The experiment  was
replicated in three wind tunnels simultaneously to
assess the light effect on male attraction. The moths
were observed continuously for three days at 10 minutes
interval and the response if any and also duration of

response was recorded.

3.7.5.2 Sticky traps: Three sticky traps baited with
one day old females (three) were tested in field during
day time starting at 8.00 am to 6.00 pm to observe the
effect of continuous light on the attraction of males
to females. The moths trapped if any in the sticky

traps were recorded at 6.00 pm.

3.8 SEX PHEROMONE GLANDS IN A. MODICELLA AND

H. ARMIGERA

The attraction to the female abdominal tips by
male moths of leaf miner, A. modicella in wind tunnel

and also in sticky traps under field conditions

5%



indicated the presence of sex pheromone gland 1in
terminal abdominal segments (7-10). For the location
of the pheromone gland, the moths were anaesthetized
with chloroform fumes and pinned 1in the petridish
containing wax under sterioscopic microscope and the
hairs present in the abdominal tips were brushed with a
camel hair brush to remove the hairs for easy location

of the gland.

With the help of bent foreceps, the last
abdominal segments were pressed out so that the
telescoped 8th and 9th segments could protrude out. By
holding the terminal abdominal segment with the forceps
1t was further pulled gently to locate gland. The
dorsal and also the ventral sides were examined for the

location of gland.

Similar procedure was followed for the gland

location in the case of Heliothis also.

3.9 MORPHOLOGY OF THE REPRODUCTIVE SYSTEMS OF A.

MODICELLA AND H. ARMIGERA

The morphology of the male and female
reproductive systems of A. modicella and H. armigera
were studied by dissecting moths under sterioscopic
microscope. Prior to dissection, the moths were killed
(by cyanide poisoning), tripped of wings and legs with

fine scissors and pinned dorsally in a wax filled
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petridish containing water. Then the entire system was
separated from the abdominal cavity except that left
attached to the genitalia. The organs, freed from
attached tracheae and fat body tissue were so arranged

to facilitate all parts to observe and measure.
4.0 STATISTICAL PROCEDURES

Correlation coefficients were calculated to
determine the degree of association i) involving
relationship between moth catches and egg-masses ii)
between the moths catches and larval population iii)
between moth catches and damaged leaves. The
regression coefficients and coefficient of variances
were calculated to find out the dependence of egg
masses/larval population/damage on pheromone trap
captures of male moths. The moth catches (X) and egg-
mass counts, larval population and damaged leaves (Y)
were transformed into log (n + 1) values for analysis.
These were done according to the methods described by

Panse and Sukhatme (1957).

An analysis of variance (Panse and Sukhatme,
1957) was carried out to find out the maximum calling
of virgin females and response of males of A.
modicella. The catch period of three days were taken
as replications and 0 to 7 day old females as

treatments and also on the pheromone trap catches, to
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determine the peak period of attraction of §S. litura

and H. armigera moths. The catch period of seven days
were considered as replications and the six periods of

time interval as treatments.

In the ratio test, to find out the effective
ratio which attracted more moths, analysis of variance
method was followed. The four ratios (97 : 3, 94 : 6,
91 : 9 and 88 : 12) were taken as treatments and weekly

mean moth catches as réeplications.

To determine the trap efficiency, A student -
't' test (Panse and Sukhatme, 1957) was performed to
compare daily mean catches in ICRISAT funnel trap with

sleeve traps.
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CHAPTER IV

RESULTS

4.1 USE OF SEX PHEROMONES IN MANAGEMENT OF INSECT

PESTS OF GROUNDNUT

4.1.1 Relation between male moth captures in
pheromone traps and field populations

4.1.1.1 Spodoptera litura

4.1.1.1.1 Trap catches vs egg masses: S. litura male
moths started appearing in the pheromone sleeve traps
installed in all the three groundnut fields (A,B and C)
from the beginning of February (lst to 3rd) to Apral
16, 1989 (till crop harvest) (Table 1). Trap catches
ranged from 1.3 to 1014.3 moths/trap in field A, 1.0 to
1084.7 moths/trap in field B and 3.3 to 1929.0

moths/trap in field C (Fig.2 a. b.,c).

The first peak moth catch was observed in all
the three fields between March 1 to 5 1.e., 28 to 32
days after the first appearance of moths in the phero-
mone traps. Second peak moth catch was recorded between
March 29 to April 2 and approximately a month after the
previous peak. During the second peak moth catches
ranged from 334.3 to 521.7 moths/trap were almost half
in number compared to the first peak. Except in few

instances the increase and also decrease in moth
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1able 1 Relationship between pheromone trap catches of $ Mtura male moths and egq
masses

Field A Field 8

2
Date Moths/ No of egg Moths/ No of egg No of egg
trap masses/100 trap masses/100 masses/100
plants plants plants

01-02-89 00 0o 10 00 00 00
03-02 89 13 00 20 00 33 00
05 02-89 20 00 80 07 50 03
07 02-89 29 07 90 10 70 17
09 02-89 37 10 77 13 70 27
11-02-89 17 17 07 20 %0 30
13-02-89 73 30 133 10 93 27
15-02 89 83 27 233 23 37 33
17 02-89 130 33 a7 40 53 7 40
19 02-89 N7 37 397 60 570 30
21 02-89 A 43 02 0 67 136 7 60
23 02-89 390 60 299 3 60 265 0 67
25 02-89 1977 83 348 3 "3 220 7 83
27 02-89 262 3 67 650 3 133 493 3 03
01 03-89 504 0 90 1084 7 180 158 3 80
03 03 89 820 7 153 677 0 20 3 1929 0 93
05 03 89 1014 3 90 077 260 820 3 237
07 03 89 362 7 197 323 0 210 581 3 340
09 03-89 416 3 313 209 0 153 3z 1 28 0
N 03-89 210 0 2 3 221 0 23 202 3 223
13 03-89 234 0 213 70 "3 923 183
15 03 89 185 0 87 927 20 R 03
17 03-89 1213 203 o 70 513 63
1303 89 nra ] 69 0 47 323 73
21 03-89 188 3 140 373 73 n 57
23 03-89 753 150 183 60 213 27
05 89 13 20 60 70 o 30
27-03-89 178 0 117 149 3 120 02 3 217
20 03-89 2613 40 334 3 83 236 7 80
11-03-89 436 0 33 218 0 07 42817 n
02-C4 89 5217 47 253 7 %3 292 1 %0
04 04 89 303 3 90 1517 63 314 7 217
06 04 89 166 7 o 810 80 790 57
03 04 g9 19 7 00 577 23 48 0 103
10-04 g9 64 3 s 90 0 13 410 ic
12 04 g9 510 53 387 00 56 3 v
W04 g9 26 0 co 26 3 00 20 07
16 04-89 90 00 193 00 133 00
0 798¢e r 08260 re 0838
* 001940 445 y * -0 22040 535x y = -0 070+0 474x

Significant at P = 0 01

Mean catch from 3 traps for two nights

Mean egg masses from 300 plants for two nights

Motn catches and egg masses are transformed to log values for
statistical analysis
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catches 1in the traps were steady and gradual before and

after the peak moth catches respectively i1n all the

three fields.

Egg masses of S. litura 1in the groundnut
fields (A, B and C) were recorded from February 5 to 7
1.e., four days after the first appearance of moths in
the pheromone traps. The number of egg masses steadily
increased 1in correspondence with the trap catches 1in
all the fields (Table 1). Interestingly the highest
number of egg masses in all the three fields coincided
with the respective peak moth catches (Fig.3 a,b,c) 1in
the pheromone traps (4 days prior to peak egg counts).
The highest number of egg masses recorded in the field
A B and C were 31.3, 26.0 and 34 0 per 100 plants as
against the peak trap catches 1014.3, 1084.7 and 1929.0
moths/trap respectively. Similarly the higher number of
egg masses observed during April 2 to 6 in all three
fields (17.0 14.3 and 22.7 egg masses/100 plants 1in
the fields A B and C respectively) coincided with the
second peak moth catches recorded March 29 to April 2
l.e. 4 days prior to second peak egg count. The
increase and decrease 1n the number of egg masses 1n
general were 1n coincidence with the fluctuations in
the trap catches. The correlation coefficients and
regression equations of moth catches and egg masses for

fields (A B and C) are as follows.
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Field Correlation . Regression

coefficient equation
(r) (Y=a+bx)
A 0.798** g Y= 0.019+0.445x
B 0.826** ¥=-0.220+0.535x
C 0.838** Y=-0.070+0.474x
X = Moth catches; Y = Egg masses

The coefficient of variance for different
fields calculated to find out the dependence of egg
masses based on pheromone trap captures of male
moths. The per cent of variances were 63.7, 68.2 and
70.2 for all the three fields indicating that the egg

mass count depend upon the moth catches.

4.1.1.1.2 Trap catches Vs Larval populations: Data on
early and late 1a£va1 instars recorded in three
groundnut fields (A, B and C) in relation to pheromone
trap moth catches are presented in the Tables 2 and 3.
Early larval instars (lst, 2nd and 3rd) started
appearing in the three groundnut fields between
February 7 to 9 i.e., four to six days after the first
appearance of male moths in the pheromone traps (Fig.4
a,b,c). Highest number of early larval instars

(608.0, 519.0 and 703.3/100 plants) recorded during

March 13 to 17 in the three groundnut fields coincided

with - the highest moth catches in the traps recorded



Table 2: Relationship between pheromone trap catches of S. litura male moths and early
larval population in groundnut fields

Field A

No. of early Moths/ No. of early No. of early°

larval ins- trap larval ins- larval ins-
tars/100 plants tars/100 plants tars/100 plant,

01-02-89 0.0 0.0 1.0 0.0 0.0 0.0
03-02-89 1.3 0.0 2.0 0.0 3.3 0.0
05-02-89 2.0 0.0 8.0 0.0 5.0 0.0
07-02-89 2.9 0.0 9.0 1.7 7.0 1.3
09-02-89 3.7 5.0 1.1 8.7 7.0 6.0
11-02-89 i\ 8.0 10.7 6.0 4.0 9.7
13-02-89 1.3 13.0 13.3 10.3 9.3 10.3
15-02-89 8.3 4.7 23.3 22.3 n.a 4.7
17-02-89 3.0 29.7 41,7 28.3 53.7 18.7
19-02-89 na 41.3 39.7 kI 57.0 2.3
21-02-89 1. 56.3 102.0 28.0 136.7 37.0
23-02-89 39.0 47.3 299.3 42.0 265.0 57.3
25-02-89 197.7 67.0 348.3 62.3 220.7 51.3
27-02-89 262.3 89.0 650.3 96.3 493.3 2.0
01-03-89 504.0 93.0 1084.7 107.0 158.3 162.0
03-03-89 820.7 122.3 677.0 138.3 1929.0 FARN]
05-03-89 1014.3 144.7 anra 232.0 820.3 322.7
07-03-89 362.7 192.3 323.0 234.3 581.3 415.3
09-03-89 416.3 214.3 209.0 218.0 - 312.7 341.3
11-03-89 210.0 240.3 221.0 342.0 202.3 515.7
13-03-89 234.0 278.3 n7.0 519.0 92.3 574.7
15-03-89 185.0 416.0 92.7 404.7 ni.z 703.3
17-03-89 1213 608.0 AYANY) 288.3 §1.3 §57.3
19-03-89 AR 408.3 69.0 231.0 32.3 nea
21-03-89 188.3 545.0 3.3 187.0 7 221.6
23-03-89 5.3 292.1 18.3 212.0 2.3 174.7
25-03-89 3.3 294.7 16.0 217 17.0 122.3
27-03-89 178.0 242.0 149.3 69.3 102.3 150.3
29-03-89 261.3 231.3 334.3 91.3 236.7 97.3
31-03-89 436.0 181.7 218.0 32.0 428.7 56.7
02-04-89 521.7 219.0 253.7 10.7 292.7 35.0
04-04-89 303.3 79.1 151.7 38.0 347 21.7
06-04-89 166.7 65.0 81.0 73.0 79.0 54.7
08-04-89 179.7 n.a 571.7 163.0 48.0 68.7
10-04-89 64.3 96.3 90.0 207.3 41.0 132.1
12-04-89 51.0 15.3 38.7 56.7 6.3 153.7
14-04-89 26.0 165.7 26.3 2.3 24.0 67.3
16-04-89 9.0 67.0 19.3 1.7 13.3 22.1
roe 08170 r s 0.673e roe 06610

¥ * 0.380+0.793 y = 0.34440.738x Y+ 0.475+0.698x

** Significant at P = 0.0V

L} Mean catch from 3 traps for two nights

b Mean early larval instars from 300 plants for two nights
Moth catches and early larval instars are transformed to log values for
statistical analysis



Table 3: Relationship between pheromone trap catches of S. litura male moths and late
larval population in groundnut fields -
............................. e ettt
Field A * Fleld 8 field ¢
Date Hoths/‘ No. of lneb Moths/®  Mo. of lateb Moths/®  No. of lateb
trap larval ins- trap Jarval ins- trap larval fns-
tars/100 plants tars/100 plants tars/100 plants

01-02-89 T 0.0 0.0 1.0 0.0 0.0
03-02-89 1.3 0.0 2.0 33 0.0
05-02-89 2.0 0.0 8.0 5.0 0.0
07-02-89 2.9 0.0 9.0 3 7.0 0.0
09-02-89 7 0.0 1.7 0.0 7.0 0.0
11-02-89 1.7 0.3 0.7 0.0 14.0 0.7
13-02-89 7.3 1.3 13.3 0.0 9.3 1.7
15-02-89 8.3 0.0 23.3 .7 n.ag 2.3
17-02-89 13.0 0.0 4.7 2.7 53.7 3.7
19-02-89 n.g 3.0 39.7 5.3 §7.0 4.3
21-02-89 4.7 6.3 102.0 9.7 136.7 5.7
23-02-89 39.0 8.3 299.3 10.7 265.0 7.3
25-02-89 197.7 10.7 348.3 3.7 220.7 15.0
27-02-89 262.3 13.7 650.3 22.3 493.3 18.0
01-03-89 504.0 15.7 1084.7 8.7 158.3 8.7
03-03-89 820.7 15.0 677.0 43.0 1929.0 32.0
05-03-89 1014.3 1.3 417.7 54.7 820.3 41.0
07-03-89 362.7 3.3 323.0 62.0 581.3 38.0
09-03-89 416.3 60.7 209.0 99.0 372.7 50.7
1-03-29 210.0 88.3 221.0 142.7 202.3 Fa.7
13-03-89 234.0 94.0 nz.o 160.3 92.3 70.7
15-03-89 185.0 75.7 92.7 173.0 m.z m.7
17-03-89 21,3 143.7 7 219.0 51.3 89.3
19-03-82 nr.1 205.0 69.0 245.3 2.3 187.7
21-03-89 188.3 232.3 37.3 322.0 N7 288.0
23-03-89 75.3 258.0 18.3 250.7 213 450.3
25-03-89 3.3 382.0 16.0 182.7 17.0 281.0
27-03-89 178.0 279.7 149.3 221.3 102.3 150.7
29-03-39 261.3 264.7 334.3 15.0 236.7 4.7
31-03-89 436.0 1.7 218.0 140.3 428.7 §5.0
02-04-39 s21.7 246.3 253.7 102.0 292.7 35.7
-04-39 303.3 224.0 151.7 94.7 ALY 39.7
06-04-39 166.7 199.3 81.0 58.7 15.0 29.7
©8-04-89 19.7 139.0 57.7 38.7 48.0 20.7
'0-04-39 64.3 162.0 90.0 55.7 41.0 9.0
12:04-39 §1.0 APARK] 38.7 271.0 §6.3 12.0
M-04.59 2.0 2.1 26.3 217 2.0 15.0
16-04.89 9.0 45.7 19.3 3.7 13.3 16.3
F 014 r o 0.598% roe 0.4870
7 *+0.04240.815x y * 0.037+0.744x ¥+ 0.365+0.499x

Significant at P = 0.01

Mean catch from 3 traps for two nights

Mean late larval instars from 300 plants for two nights

Moth catches and late larval fnstars are transformed to log values for

statistical analysis
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between March 1 to 5, 12 days prior to early larval

count (Fi19.5 a,b,c).

The early larval instars after the peak count
showed a gradual decline 1in number until April 6 with
few marginal fluctuations over all the fields was 1n
correspondence with the decline of moth catches in the
phermone traps. The second peak 1n early larval
population 1in the three fields between April 10 and 14
coincaded with the second peak appearance of moths 1in

the pheromone traps.

Interestingly, the time of peak abundance of
late larval instars (4th, 5Sth and 6th) of S. litura
(Table 3 and Fi1g. 6 a,b c) between March 21 to 25 in
all the three fields also coincided with the first peak
of moth trap catches 20 days prior to late larval count
l.e. March 1 to 5 (Fig.7 a,b,c). The peak late
larval population an fields ranged as high as 322.0 to
450.3/100 plan}s and appeared 8 days after first peak
of early larval count. No second peak in the late
larval population 1in corresponding to the second peak
moth catches could be observed since the <crop was
harvested on Aprail 16, 1989. The correlation
coefficients and regression equations of moth catches
and larval (early and late) populations for all the

three fields are showed below:

<
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Field Correlation Regression
coefficient equation
(r) (Y=a+bx)

P

Early larval pobulation

A 0.817%* Y= 0.0380+0.793x
B 0.673* Y= 0.344+0.738x
(o 0.661** ¥=0.475+0.698x

Late larval population

Field Correlation Regression
coefficient equation
(r) (Y=a+bx)
A 0.714x** ¥=-0.042+0.815x
B 0.598*~ Y= 0.037+0.744x
C 0.487** Y= 0.365+0.499x
X = moth catches; Y = larval population

The calculated per cent of variances were
66.7, 45.3 and 43.7 (early larvae) and 51.0, 35.8 and
23.7 respectively (late larvae) for all the three
fields to find out the dependence of larval population

based on pheromone trap catches of male moths.

4.1.1.1.3 Trap catches Vs damage: Plant damage due
to S. litura larvae was estimated in terms of number of
quadrifoliates damaged/100 plants and the data on
damage in relation to trap catches are presented in the

Table 4 and Fig.8 a.b,c. Initial damage (2.7 to 3.0

leaves/100 plants) due to larvae, first observed 6

4



e d Relationship between pheromone trap catches of S litura male moths and plant
- —

Jamage 0 groundnut 1icld.

Field A fleld 8 Field €
eeeenemenas jreemeeneeeeees e AR S e R
ate Moths/ No of dama- Motns/ No of dama- Moths/ No of dams
trap ged leaves/ trap ged leaves/ trap ged leaves/
100 plants 100 plants 100 plants
02 89 00 00 10 00 00 00
2 89 13 00 20 00 33 00
2289 20 00 80 00 50 00
.2 89 29 00 90 30 70 00
02-89 37 30 117 80 10 217
G2 89 17 13 07 913 4o 30
289 73 20 133 %0 93 050
2-99 83 130 233 87 N7 73
02 89 130 180 LA 213 537 na
289 N 253 397 23 570 20
PR 497 n7 02 0 37 136 7 263
22 8 39 0 390 299 3 403 265 0 350
92 89 97 7 58 0 348 3 50 7 220 7 413
22 89 262 3 60 0 650 3 85 1 493 3 5 0
13 89 504 0 04 0 1084 7 527 Mg 3 90 0
23 89 820 7 17 677 0 218 0 1929 0 194 0
2189 043 262 0 a0 265 7 820 3 1570
9189 3627 364 7 3230 388 3 5813 237
J183 416 3 4770 209 0 48 0 3727 328 7
2389 200 593 0 21 0 a3 202 3 [ALIS]
2133 2340 664 0 nro 524 3 923 185 0
.3 89 185 0 635 0 921 623 0 ER] 64) 7
2189 1213 819 0 o 786 0 513 614 0
2389 n g 891 3 69 0 884 0 23 880 3
-3-89 188 3 997 0 373 1018 7 7 969 3
2389 753 1056 0 83 510 7 213 147 3
2389 N3 V223 7 60 3977 170 7517
Wil 78 0 308 7 49 2 2413 02 3 548 7
2613 239 0 3343 172 0 236 7 407 7
436 0 2173 218 0 188 0 428 7 285 3
5217 238 0 2537 146 3 292 1 304 7
] 3033 12330 1517 157 EALIY "y 7
AT 166 7 720 810 nao 790 387
Nt 179 7 39 3 517 54 0 430 N3
4 89 643 20 90 0 617 o %0
39 510 u 7 387 23 56 3 193
tes 260 87 26 3 183 240 03
-39 90 50 193 "7 133 60
G gl5ee roe 0 65300 roe0 6120
009740 943« y * 0 33740 806x y o+ 0.29140 779

Stgnificant at P » 0 01
Mean catch from 3 traps for two nights
Mean camaged leaves from 300 plants for two nignts
© Matn catche. and damaged leaves are transformed to log values for
statistical analysis



MOTHS/TKAP/2 NIGHTS-L0G(n+1)

OF DAMAGED LEAVES/100 PLANTS/2 NIGHTS LOG(n+1)

NO

3.2

a.e
a.e
2.4
2.3

3.4
>3

ae
a.e
24
2.2

1.e
1.6
1.4
1.3

<.e
..
C.4
©.3

fig

76

] e ¢
=%

- r. / h’

T3 7 91 1319 3327 3 T 11 V3 19 23 27 3y 4 ® 12 10
i R g

/ AT

~ o
] (v) o \Q\v’/ “~
4 , 7,4 - -\15:1\
] b % N

4

AR RSNMILIE S S En e S S S SRess SIS SR S Sas e
V3 9 13 1T 2Y 23 Y 3 8 1317 3% 23 29 2 6 ¢ 14

g [ -~
i / \q f‘/ \\
4 )’ ),. / "?—‘*ﬂ
. s ol g
] P /_‘/ \ ws ? ¥ \,,
b A id 5 w P
4 S MU e
—~ ot R
" ’ > L]
+ »
'
ol / .
—

/
4

VY 13 1% 23 37 3 7 11 15 16 33 37 31 4 8 1318
Mar Apr
DATES
CIMOTHS 4 DAMAGED LEAVES
8(a,t,c) DAMAGED LEA/ES AND MOTH CATCHES OF ikﬂuﬁl IN PHEROMONE TRAPL IN
THREE GRCUMONUT FIELDS



days after appearance of moths in the traps in all
three groundnut fields. The peak plant damage counts
recorded were 1223.7, 1018.7%and 1147.3 quadrifol-
liates/100 plants in the fields A, B and C during
March 21 to 25 and it coincided with the peak moth
trap catches appeared from March 1 to 5, 20 days
prior to damage counts (Fig.9 a,b,c). Incidentally,
the peak damage counts observed from March 21 to 25
coincided with the peak late larval counts in all
three groundnut fields. The damage counts were made
only upto April 16 (harvest date of the crop) and no
second peak of damage could be recorded. The correla-
tion coefficients and regression eguations of moth

catches and damaged leaves are indicated below.

ield Correlation Regression eqguation
coefficient (Y=avbx)
(r)
A 0.815** ¥=0.097+0.943x
B 0.653** ¥=0.337+0.806x
C 0.612** Y¥=0.29140.779x
x = moth catches; Y = damaged leaves

The calculated per cent of wvariances 66.4,
42.6 and 37.5 for all the three fields indicate that
the plant damage depend upon the moth catches in

phéromone traps.
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4.1.1.2 H. armigera
4.1.1.2.1 Trap catches Vs larval population:

Pheromone trap catches data ‘of male H. armigera
presented in the Table 5 indicated that moths started
appearing in the traps initially in small numbers from
January 27 to 29 in the three groundnut fields (I, 1II
and III). From the day of appearance of moths in the
traps, there was a gradual increase in the moth
catches and the highest catches of 641.0, 723.0 and
539.0 moths/trap were recorded from February 26 to
March 2 i.e., approximately one month after the first

appearance of moths in the traps (Fig.l0 a,b,c).

After the peak appearance, the moth catches
declined steadily. The second peak moths appeared 32
days after the first peak in all the three fields.
However, the number of moths/trap was relatively lower

than the first peak.

Early larval instars (lst, 2nd and 3rd) of
H. armigera were observed 4 to 6 days after the first
appearance of moths in the traps and reached the peak
larval population 8 days after peak moth catches in
all the three (I, II and III) groundnut fields (Fig.ll
a,b,c). The peak early larval populations recorded

were 318.0, 340.7 and 274.3/100 plants 1in the fields



Table 5 Relationship between pheromone trap catches of H armigera male moths and early
larval population in groundnut fields

Fleld €

b 3
No of early Hoths/ No of earlyb Notns/‘ No of eAr\yb
larval {ns- trap Tarval ins- trap larval ins-
tars/100 plants tars/100 plants tars/100 plants

21-01-89
29-01-89
31-01-89
02-02-89
04-02-89
06-02-89
08-02-89
10-02-89
12-02-89
14-02-89
16 02-89
18-02-89
20-02-89
22-02-89
2 02-89
26-02-89
28-02-89
02-03-89
94 03 89
6-03-89
98 03-89
1003 89
2-03-89
403-89
16-03-89
'8-03-29
23 03-89
22 03 89
24 03-89
26 03 89
25-03 89
3¢ 03-39
o' 04-89
53-04-89
0> 04-39
07 04 89
Cy-04-89
M-c4-39
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0 670+ e 0 565 r o+ 0 760°e

0 90+0 710 y = -0 25740 824x y * -0 15240 823
Significant at P = 0 0V

Mean catch from 3 traps for two nights

vean early larval fnstars froa 300 plants for two nights

- Math catches and early larva) Vnstars are transformed to Jog values for
statistical analysis
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