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ABSTRACT

A series of experiments was conducted to evaluate the
responses of S. littoralis (Boisd) to seven plants species.
Probable factors responsible for the preference for some of

the food plants were determined.

In multiple-choice preference tests, both 1st and 4th
lnstar larvae preferred dicotyledonous to monocotyledonous
plants. First instar larvae rejected millet. In two-choice
tests using maize, millet and sorghum, the larvae always

preferred maize.

Studies on growth and development of the larvae on the
food plants were carried out. The larvae failed to develop
to the pupal stage on millet. Growth was adversely
influenced on maize and sorghum. Only 7% of the neonate

larvae on sorghum and 32% of the larvae on maize developed

to the adult stage.

Food digestion and utilisation studies indicated low
food intake, digestion and utilisation of food by larvae on

maize, millet and sorghum.

Analysis of the plants showed that differences in the
larval performances on the plants could be due to both
nutritional and allelochemical factors. There were more
deterrent leaf extracts in the plants that reduced 1larval

growth. Nitrogen, amino acids and the water content of the



plants were lower in the monocot than the dicot plants.

The total P-450 content and larval susceptibility to
insecticides were influenced by the plants fed on by the
larvae. Scanning of microsomal preparations showed that the
variations 1n the peptide profiles of the microsomes were

associated with the P-450 contents of the plants.

Piperonyl butoxide, barbital and fp-naphthoflavone

affected feeding of the last larval instar.
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CHAPTER ONE

GENERAL INTRODUCTION



1.1 SPODOPTERA LITTORALIS
1.1.1 Economic importance

The tropical and subtropical genus Spodoptera Guenée
(Lepidoptera: Noctuidae) 1ncludes several economically
important species 1in Africa, Asia and America (Todd and

Poole, 1980; Delvare and Raspulus, 1994).

Spodoptera littoralis (Boisduval) 1is a polyphagous
insect. It has long been known in economic entomological
literature under the name Prodenia litura (Bishara, 1934;

Brown and Dewhurst, 1965). Commonly, it is known as the

Egyptian cotton leafworm.

It is the main pest of cotton in some cotton growing

countries, especially Egypt, Israel and India. In East,

West and North Africa, it often causes extensive damage to
soybeans, vegetables and cowpeas. It could, therefore,
threaten their cultivation in the future, 1f adequate

control measures are not taken. When large numbers of the

pest are present complete crop loss 1s possible (Singh and
van Emden, 1979; Khalil, 1988). S. littoralis is also the

single most important defoliator of cocoa in some West

African countries (Entwistle, 1972).

In Ghana, it has been recorded on Crops such as cocoa,

tobacco, cabbage, cotton, eggplant, maize, jute, kenaf and

cowpea (Forsythe, 1966; Angyeme-Sarpong, 1978; Duodu and

Biney, 1981).



Considerable difficulties have been experienced in

controlling S. littoralis -especially in areas where
chemical control is frequently used. This is because it has
been observed to develop resistance in a relatively short

Cime to the chemicals used (Broza et al., 1984; El-Sabae et

al., 1993).

1.1.2 Geographic distribution

Spodoptera littoralis is widely distributed in the
world. The northern 1limit of its distribution probably
represents the extent of migrant activity only, while the
actual distribution limits may be further south where the
specles 1s able to overwinter (Ingram, 1975; Miller, 1977).
The literature provides 1little indication of specific
factors limiting the northerly distribution, but mortality

due to low winter temperatures may be responsible.

1.1.3 Food plants and seasonal activities

The food plant provides one or more of the four
essential resources for the 1insect. These are feeding
sites, mating sites, oviposition sites and/or refugia
(Prokopy et al., 1984). It is uncommon to find plants that
are immune to attack by virtually all insects. It 1is also
uncommon to find insects that devour indiscriminately all

plants in thelr geographical range.

Spodoptera littoralis attacks plants in 44 families

containing at 1least 112 species of plants of wvarying



economic importance. However, only 8 families contain over
50 per cent of the plants infested. These families are
Gramineae, Leguminosae, Solanaceae, Malvaceae, Cruciferae,
Moraceae, Compositae and Chenopodiaceae (Moussa et al.,

1960; Arunin, 1978; Sarto and Monteys, 1988; Lal and Naji,
1990) .

These plants may not be preferred equally for feeding
and oviposition. It has been observed that on castor
leaves, larvae of S. littoralis fed and developed normally,

while on avocado, the leaves were toxic to the 1st and 2nd

instars (Sneh and Gross, 1981).

Egg-mass infestation on cotton could reach a peak 3
times during the year. The largest population (first peak)
was 1n early to mid-June. The other peaks were in mid to
late July and Auqust. These egg-masses were more abundant
on young leaves on the upper parts of the plants than on

older leaves on the lower parts (Afifi, 1990).

The larvae are nocturnal. They are active between
21.00h and 06.00h and mostly found on the upper third of
the plant (Hosny et al., 1982; Nasr et al., 1984; Sanino

et al., 1987).

In light trap catches in Egypt, peak flight activity
occurred between 20.00h and 00.00h in winter, 18.00h and

02.00h in the spring, and sunset and dawn in summer.



Irrespective of seasons, catches were highest between
20.00h and 22.00h (Nasr et al., 1984). In the entire year,
0.65% was captured in winter, 2.41% in spring. 36.59% in

summer and 60.35% in autumn, in Egypt (Hosny et al., 1982;

Matthews, 1989).

The insect pest has 8 generations in a year, four of
which occur on berseem clover, Trifolium alexandrium (in
winter and spring), 2-3 generations on cotton (in summer),
and possibly one generation on corn (Hafez, 1972) or on
vegetables (Ali, 1989). It is, therefore, able to survive
throughout the winter months. The number caught in the
traps was low in January and February and high in June and
August. There was, however, no systematic seasonal change
in the area of highest catch that could suggest seasonal
migration. The pattern of nightly catches at most traps
indicated that the build-up of local populations was the
most important factor affecting the population dynamics of
the pest. However, local redistribution by wind may also

have affected the changes in the local populations (Nasr et

al., 1984).

1.1.4 Nature of damage

Pest assessment studies show that crops in general
vary greatly Dbetween sites and between years 1in their
response to attack by similar numbers of insects. There
could also be great wvariability 1in the reaction of

individual plants of the same crop to pest attack. Damage



1s, therefore, not always proportional to the size of the

pest population.

There are no reports of detrimental effects of
feeding of adults on crop plants. The 1insect 1s
destructive only 1n the 1larval stage. The larvae are
defoliators attacking crops 1n various stages of growth. In
cotton and tobacco, the early instars of the larvae scrape
the lower surfaces of the leaves while the older larvae
eat the leaf blades-avoiding the main veins and thus
reducing the leaves to skeletons. There 1s also a
characteristic smell in a heavily infested field (Ripper

and George, 1965; Sanino et al., 1987).

Additionally, the larvae bore into young shoots and
flower buds which then wither and die. During heavy
infestations they may also attack young cotton bolls which
then fail to develop. These attacks retard or stop further
growth of the plant and thus reduce yield (Bishara, 1934;
Sanino et al., 1987; Matthews, 1989). In the early season,

natural defoliation by S. littoralis could result in 50%

loss of cotton yield (Russell et al., 1993).

There are no indications of the introduction of
pathogens into the plant organs that are bored into durilng
larval feeding. However, in the laboratory, 28 species of
fungi have been found in association with the wvarious

stages of the moth (Ismail and Abdel-Sater, 1933).



1.1.5 Parasitoids and predators
A large number of natural enemies of the larvae have
been described (Gerling 1971; Hegazi et al., 1977; Ingram,

1981) . There are, however, no reports of parasitism of egqg

masses or adults.

In Cyprus, S. littoralis is parasitised by 12 species
of Hymenoptera and five species of Tachnidae (Ingram, 1981)
and 1n Egypt, parasitoids belonging to five families have
been recorded. Four of the families belong to the order
Hymenoptera and one belongs to the order Diptera (Hegazy et
al., 1977; Ibrahim, 1987). Some of the parasitoids observed
in the field were the braconid Zele chlorophthalma;
Chelonus i1nanitus which requlated S. littoralis population
by 1inducing a precocious onset of metamorphosis and
developmental arrest in the precocious pre-pupa. Other
parasitoids are Strobliomyia orbata, and Microplitis
rufiventris a larval parasitoid which, 1in Egypt, produced
1-34 per cent parasitism of the larvae in the summer months

(Ingram, 1981).

Ingram (1981) has observed that even though the
apparent parasitism of S. littoralis in fields, 1in Cyprus,
was 32%, effective control of the moth could not occur
because most of the parasitoids themselves were
polyphagous. Gerling (1971) and Matthews (1989) concluded
that the extent of the activity of the parasitoids 1s

insufficient to significantly control S. 1littoralis in



cotton fields in Egypt, especially at the time of peak

flowering, which frequently coincided with periods of high

rainfall.

Predators observed attacking and suppressing larval
Spodoptera l1littoralis populations 1include spiders
(Mansour, 1987), ladybird beetles, lace-wing and damsel

bugs and birds (Ingram, 1975; Clercq et al., 1988).

1.1.6 Life cycle
Spodoptera littoralis has four growth stages, namely

the egg, larval, pupal and adult stages.

The eggs are laid in masses mostly on the underside of
leaves. Each egg mass 1is made up of layers of eggs which
are covered with parental abdominal hairs. The number of
eggs laid ranges from 500 to 3000 per female and the
incubation period ranges from 3 to 7 days (Hosny et al.,

1986; Sanino et al., 1987; Afifi, 1990).

The oviposition period ranges from 2 to 7 days (Ocete,
1984; Afifi, 1990). Some environmental conditions affect
the number of eggs laid by the female. On cotton, the
frequency of irrigation influences the number of eggs laid.
Larger numbers of eggs are laid on plants that are more

frequently irrigated (Bishara, 1934; Madkour and Hosny,

1973; Hosny et al., 1980).



There are 5 to 8 larval instars. The number of larval
instars and the duration of the larval period depend on the
food plant and the environmental conditions. The larval
period ranges from 9 to 34 days (Bishara, 1934; Moussa et
al., 1960; Prasad and Bhattacharya, 1975). On hatching, the

larvae are gregarious at first but disperse after the

second instar.

Pupation normally takes place in cocoons in the soil.

The pupal period ranges from 9 to 27 days Prasad and

Bhattacharya, 1975).

The adults 1live for 7 to 20 days. The rate of
oviposition and viability of the eggs are significantly
dependent on the food offered to the adult moth (Ellis and

Brimacombe, 1980).

The complete life cycle lasted 45 days at 28°C and 90
days at 22°C on tobacco (Sanino et al., 1987), 39 days on

sweet potato, 28 days on okra, 30 days on cotton and 26

days on berseem (Moussa et al., 1960).

One of the factors which affects the life stages of
the moth is light. Exposure to constant light, when the
moth was reared on cotton, significantly reduced the number
of eggs laid, the oviposition period and the adult
1ifespan. Darkness, even for a short period, stimulated the

noctuid to lay more eggs and increased the adult lifespan.



1.2 Control of S. littoralis

Various methods ranging from chemical to cultural are
being used to control S. littoralis. The emphasis, in
recent times, has been on the combination of two or more
methods, in an integrated pest management system. The
choice and combination of the methods depend on the pest
complex, the severity of the infestation and the cost of

1ts implementation (Matthews, 1989).

1.2.1 Physical control

In Egypt, early season (May to July) control involves
a very labour intensive method in which teams of small
children go through the cotton fields once every 3 days to
handpick the egg-masses, which are counted and then
destroyed. (Hosny et al., 1981). About 2 million children

are employed during this period.

However, the rising cost of labour and the difficulty
1in recrulting and training the necessary number of children
1s making the technique expensive and difficult ¢to
maintain. Also, 1t has been observed that there is a strong
negative relationship between the size of the egg - mass

infestation and the efficiency of hand collection (Hosny et

al., 1980).

1.2.2 Cultural control

This method of control relies on placing restrictions

on the cultivation of alternate food plants. Berseem clover



(Trifolium alexandrium) 1is cultivated as a winter Crop in

Egypt and is one of the preferred food plants of 8.
littoralis, which migrates from clover to cotton during the

cotton season (Afifi, 1990).

To reduce the level of damage to the cotton plants,
irrigation of clover after the 10th of May is prohibited.
This method is used in recognition of the fact that of the
total number of egg-masses deposited in cotton fields
during late May and June, 90 percent are produced by adults
emerging from pupae in the clover fields. Prohibition of
irrigation of the clover fields after 10th May is also done
1n order to harden the soil and increase the mortality of
the pupae in the soil (Bishara, 1934; Hosny et al., 1981;
Hosny et al., 1982; Brader, 1984). Also, the intercropping
of maize 1n cotton plants 1S being encouraged 1n some
parts Dbecause some parasitoids associated with S.
liitoralis multiply faster on the maize plants and
therefore, 1its cultivation could 1ncrease the number of
parasitoids and the percentage of parasitism, thereby

reducing the pest population (Shalaby et al., 1988).

1.2.3 Biological control

The development of resistance to a large number of
insecticides by S. littoralis has resulted in the search
for an effective biological control agent. The most widely
used biological agent 1s Bacillus thuringiensis. Broza et

al. (1984) wused a spray liquid formulation of B.
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thuringiensis var. entomocidus to successfully control the
lst and 2nd instars of S. littoralis but not the later
stages. The treatment reduced the level of infestation and
damage in cotton. Larval and pupal development of surviving
moths were adversely affected. Adults derived from the
treated larvae also showed a reduced lifespan, fecundity

and egg hatchability (Queed et al., 1988).

The high cost of the commercial preparation and its
poor persistence when applied in the field has limited its
use. The poor persistence in some cases had been due to
the i1nactivation of the spores by sunlight (Hosny et al.,

1983; Broza et al., 1984; Salama et al., 1984).

The use of the nuclear polyhedrosis wvirus (NPV) in
controlling §. littoralis on cotton has given inconclusive
results. This has mainly been due to 1inactivation of the
virus by ultra-violet radiation which, 1n Egypt, accounted
for up to 88 percent loss in 4 days (Elnager and Nasr,
1980; Jones and McKinley, 1987; Jones et al., 1993). Other
problems with the use of NPV, such as the physical 1loss
caused by abrasion due to the action of wind and sand,
inactivation by plant exudates as well as dilution of the
deposit due to plant growth, could reduce 1ts effectiveness
further. Besides, a commercial form of the NPV 1is not yet

available (Elleman and Entwistle, 1985; Santiago-Alvarez

and Osuna, 1988).
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Ghally et al. (1988) and Glazer et al. (1993) have
reported that nematodes such as Neoaplectana carpocapsae
have lethal effects on S. 1littoralis. However, other
speclies of nematodes and bacteria have had variable effects
in the control of the larvae. Overall, the use of the

nematodes as a Dbiological agent does not seem to be

promising at this stage.

1.2.4 Use of pheromones
1.2.4.1 Mating disruption

The chemical components of pheromones emitted by S.
littoralis have been 1dentified, but thelir use as an
effective mating disrupting technique has had limited
success. It has been observed that a two day delay 1in
mating, due to mating disruption by pheromones, reduced the
larval population to between 10 and 20 percent 1in the
subsequent generation (Ellis and Steele, 1982; Glazer et

al., 1993; Kehat and Dunkelblum, 1993).

The lack of success with the use of the technique has
been due to a number of factors. The pheromone blend of up
to 4 components varies from place to place and this makes
it difficult to synthesise a compound that could be used
over a large area (Campion, 1984). Also, for effective
mating disruption, large numbers of releasers need to be

placed very close to each other (Kehat et al, 1986;

Dunkelbum et al., 1987).

12



In the evaluation of the pheromone of S. littoralis,
one difficulty has been the maintenance of the

concentration needed when the moths were active. Shani and

Klug (1980) suggested that over a period of time,
degradation and isomerisation due to heat and sunlight

could significantly reduce the effectiveness of the

pheromone.

Campilon (1984) suggested that mating disruption with
pheromones is most likely to be successful with insects
of restricted food plants and flight range. However, 8.
littoralis is a polyphagous insect with an indeterminate
flight range. These features may be a disadvantage for the
use o0f the mating disruption technique. Also, it has been
Observed that males respond to pheromone traps most
actively when the number of virgin females has declined

considerably (Kehat et al., 1986).

1.2.4.2 Mass trapping

As a pest control method, mass trapping has had very
limited success. Large numbers of adults would have to be
trapped to have a significant effect on the pest
population. Thus trapping would most likely be successful
at low pest populations (Matthews, 1989). Also, Dbecause S.
littoralis is a polyphagous insect, traps would have to be
deployed throughout the area under treatment and not

confined to a specific crop (Campion, 1984).
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In Egypt, 5 pheromone traps per hectare reduced the

mean number of egg-masses by 77 percent compared with
adjacent control areas (Campion, 1983). Trapping with a
bait containing 2 mg (9z,11E)-9,1l-tetradecadienyl acetate
resulted in a reduction of 34 to 62 percent in the eqgqg
Clusters and 20 to 30 percent in egg viability in the
treated fields. The resultant reduction in insecticide

treatment fields ranged from 21 to 45 percent over 4 years

(Teich et al., 1985).

Campion (1984) has suggested, though, that the
successes claimed for the mass trapping are sometimes the
result of the activities of beneficial insects, since in
the presence of the traps, insecticides are less likely to

be used.

Ultra-violet light trap has been observed to reduce
populations of S. littoralis by 37 per cent in the summer

and 46 per cent in the autumn (Iss-Hak et al., 1981).

1.2.5 Chemical control

This 1s the most effective and widely used method ot
control. It is usually carried out when the plants are
large and hand picking of the egg-masses 1s no longer
efficient, or when the population of S§. littoralis is large
or when leaf holing 1is obvious and the larvae are large
(later stages of development). In most areas, it is the

main method of control (Abdallah, 1988).
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Various chemicals have been used. These had included
organophosphates, carbamates and organochlorines. Recently,
however, there have been reports of the development of
resistance in S. littoralis to some of these chemicals such

as carbaryl, methomyl, thiodicarb and some pyrethroids

(Abbassy et al., 1982; El-Guindy et al., 1983; Saad et al.,
1986; Pinchard and Vassal, 1991).

The development of resistance, in some cases, has
occurred after only a few seasons of use of insecticides
(El-Sabae et al., 1993). In order to overcome the problem
0of resistance, mixtures of insecticides are now being
applied. Outbreaks of white flies and aphids have been
observed 1in some areas as a result of the use of these

mixtures of insecticides (Matthews, 1993).

1.3 Insect response to xenobiotics
Insect herbivores encounter food plants that wvary in
nutrient and allelochemical content (Glendinning and
Slansky, 1994). The levels of these chemicals in the plants
could vary with plant species, plant age and environmental

factors such as soil fertility (Slansky and Scriber, 198J5).

Insects also wvary 1in their response to the
variations in the levels of nutrients and allelochemicals
present in their food plants. Generally, insects respond 1n

two major ways (Lindroth, 1991; Dussourd, 1992). These

responses are:
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1. Physiological and Dbehavioural responses. These
responses include 1: Modification of feeding behaviour,
usually to reduce the amount of toxin ingested by the
insect. Young larvae of H. virescens avoid feeding on
gossypol producing glands in cotton foliage in the early
instars Dbut become non-selective in later larval stages
because of the possession of detoxifying enzymes (Hedin et
al., 1991 1In: Rose et al., 1992). 2: Increasing the
amounts of food ingested to compensate for a reduction in
the nutrient content of the food plant. The larvae of S.
frugiperda reared on artificial diets diluted with
cellulose and water increased fresh weight of diet consumed
over an undiluted diet (Wheeler and Slansky, 1991). The
increase in weight of food ingested could be regarded as
a compensatory response to compensate for the dilution of

the diet (reduction in the nutrient content).

However, such an increase in food consumption could,
in some situations, lead to an ingestion of a toxic dose of
an allelochemical(s) present 1in the food, 1leading to
deleterious effects on performance including death. When
velvetbean (Anticarsia gemmatalis) caterpillars were fed
diets with progressively diluted nutrient levels Dbut
containing the same concentration of caffeine, the larvae
compensated for the reduced nutrient level by 1increasing
food intake. Consequently, their rate of caffeine ingestion
increased to a pharmacologically effective dose,

interfering with food utilisation, slowing growth, reducing

16



subsequent feeding and lowering survival (Slansky and

Wheeler, 1992).

2 . Biochemical responses - Mainly by means of enzymatic
degradation of potentially toxic compounds (and the
subsequent excretion of the breakdown products) or by the
exhibition of target site insensitivity (Berenbaum, 1986;
Bernays, 1990; Fu-Shun et al., 1990). Detoxication enzymes
include mixed function oxidases, glutathione transferases
and hydrolases. Yu (1986) has suggested that detoxication
1s a major post-ingestion mechanism that enables the
utilisation of otherwise poisonous food plants by insects.
Studies on enzyme induction indicate that induction by food
plants (allelochemicals) results in insects detoxifying
pesticides faster than non induced insects (Yu, 1986).
Induction of the alfalfa looper (Californica antographica)
and the cabbage looper (Trichoplusia ni) by allelochemicals
contained 1in peppermint leaves resulted 1n 1increased
tolerance for carbaryl and methomyl due to induction of P-
450 (Agosin, 1985). "These results suggest that changes in
the chemistry of the food plants (eg resistant variety)
may influence the susceptibility of the 1insects to
insecticides. Thus tolerance of the food plant

allelochemicals and insecticides are related" (Rose et al.,

1992).

Growth, development and reproduction 1in insects are

directly dependent on the quality and amount of plant

17



ingested. Ingestion of the plant would depend on its being

found and accepted. Besides the food plant being available,

acceptable and digestible, it must provide the insect with

not only all the nutrients required but also the many

1nsect activities such as oviposition (Hagen et al., 1984).

1.3.1 Response to plant nutrients

Most phytophagous insects obtain their nutrients from
the food plants that they feed on. The nutritional status
0f the plant is therefore important in the growth of the
insects. In the gypsy moth, Lymantria dispar, low protein
and low mineral diets prolonged developmental time of the

females and reduced pupal weights of males and females

(Lindroth et al., 1991)

The 1mportant compounds necessary for the growth of
insects are carbohydrates, amino acids and proteins, lipids
and vitamins. The most i1mportant ones 1n the interaction

between plants and insects are proteins, cabohydrates and

water.

1.3.1.1 Response to leaf proteins

Proteins are the main sources of amino acids and are
required for the production of tissues and enzymes 1in
insects. Protein degradation and absorption take place
primarily in the midgut. An insect's activities could be

influenced by variation in the protein content of the food
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that it ingests. In Aedes aegypti, protease was increased
by 26-fold after a meal of blood but there was only a 2-
fold increase after a meal of syrup (Ishaaya, 1986). Some
proteins, such as haemoglobin, could, however, inhibit the

activity of digestive enzymes in some insects (Ishaaya and

Casida, 1975).

Important though proteins are, it is the balance of
amino acids that 1is particularly important to insects
(Hagen et al., 1984). Brodbeck and Strong (1987) have
suggested that since nitrogen in plants could occur as
alkaloids, nitrates, or non protein amino acids (which
could not be used by the insect), the use of total nitrogen
content 1n plants as an indication of the protein level
could be inaccurate. The amino acid content of the plant

would be a more appropriate indication of the protein level

1n the plant.

Amino acids are requlired 1in different amounts by
insects for normal growth and development. These amino
acids could be essential eg. alanine, or nonessential.
Some other amino acids such as L-DOPA, are however, toxic
to insects (Hagen et al., 1984; Harborne, 1988).
Generally, for normal 1insect growth, 10 amino acids are
required by all insects. These are arginine, 1lysine,
leucine, isoleucine, tryptophan, histidine, phenylalanine,
methionine, valine and threonine (Broadbeck and Strong,

1987). These ten amino acids are sometimes referred to as
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from the food of the insect. As long as tryptophan,
methionine and histidine are adequate, Brodbeck and Strong
(1987) suggest that levels of other amino acids will seldom
be limiting. There are variations in the requirements for
specific amino acids. The larvae of the silkworm (Bombyx
morli) require proline and aspartic acid in addition to the

10 essential amino acids (Hagen et al., 1984).

1.3.1.2 Response to leaf carbohydrates

Carbohydrates include starch, cellulose and various
mono-, di-, and trisacccharides. Carbohydrates are
essential mainly as a source of energy and as feeding

stimulants for insects (Ishaaya, 1986).

Various classes of sugars have various stimulatory
effects on 1insects. Feeding activity 1s stimulated by
sucrose in the colorado potato beetle (Hsiao and Fraenkel,
1968), and by sucrose and glucose in the tobacco hornworm
(Yamamoto and Fraenkel, 1960). Schoonhoven (1990) has
suggested that the stimulation of the insect feeding 1s due
to the stimulation of certain chemoreceptors while Ishaaya
and Meisner (1973) suggest that the induction of feeding by

carbohydrates is due to the stimulation of digestive

enzymes which increase the rate of digestion 1n 1insects.

Most sugars are stimulatory at the concentrations

that they occur in plants (Chapman, 1974). However,
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variations in sugar content of the plant also affects the
responses of the insect feeding on it. The Chinese rose
beetle Adoretus sinicus preferentially selects the leaves

of its food plants that are high in carbohydrates (Arita et
al., 1993).

1.3.1.3 Response to leaf water content

Dessication <could be a problem for herbivorous
insects, especially when the difference between the water
content of the body of the insect and that of its food
plant increases. Variation 1in the water content of the
food plant of insects could have detrimental effect on the
growth and development of the insect. For ins%ance, larvae
of the cecropia moth Hyalophora cecropia grew slowly and
were less efficient at utilising nitrogen when fed excised
leaves of wild cherry, which contained low plant leaf
water (Welis and Berenbaum, 1989). Studies on 25 species of
Leplidoptera and 4 species of Hymenoptera showed that the
relative growth rates of the 1nsects were positively

correlated with the nitrogen and the water contents of the

foliage (Slansky, 1992).

The examples given above clearly 1indicate that the
nutrient contents of the food plant could play as crucial
a role in the feeding and other behaviour of 1insects as
allelochemicals. In Daphnis nerii, preference for young as
compared to mature Nerium oleander leaves was due to

changes in proteins, carbohydrates, 1lipids, amino acid,
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nitrogen and water content. Developmental time was short
and fecundity and longevity high when insects were fed on

the preferred leaves (Murugan and George, 1992).

1.3.2 Response to plant allelochemicals

It has been hypothesised that food plants of insects
may share secondary compounds of the same chemical classes
even though the food plants themselves may not be close
taxonomically (Harborne, 1988; Schoonhoven, 1990). Feeny
(1976) has suggested that such observations may indicate
that adaptation by an insect to particular secondary
compounds 1n one food plant species confers preadaptation
Lo utilisation of other plants containing similar
compounds. Edwards and Wratten (1988), however, suggested
that the most important factors are the insect species and
the nutritional state of the food plant. This, they arqgue,
1s because it 1s wunlikely that taxonomically separate

plants would have similar secondary plant substances.

Secondary plant compounds 1include anti-feedants,
attractants, phagostimulants, repellents and toxins. These

have different effects on 1insects. Spodoptera exempta 1s

deterred from feeding by azadirachtin but §. littoralis 1is

relatively insensitive and would ingest i1t even though 1t

is toxic (Bell, 1987).

It is now accepted that feeding preferences and other

insect responses are regulated by a Dbalance between
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stimulants and deterrents that occur in their food plants
and not due to either acting alone (Schoonhoven, 1990). For
example, sinigrin acts as a feeding stimulant in
Ceutorhynchus constrictus only when other plant

constituents are present (Nielsen et al., 1989).

The 1mportance of studies of xenobiotics is that
elucidation of ways in which they affect insects could be
of considerable economic importance. For instance, knowing
that a secondary compound disrupts a metabolic pathway
present 1n 1nsects or interferes with an enzyme system
present 1n one insect but not in another insect could aid
in the development of control programmes and overcoming the
problem of insecticide resistance. Figure 1.1 summarises

the interaction between the food plant and the insect.

1.3.3 Interaction between food plants and insecticides
Several studies have shown that food plants influence
insects' responses to insecticides. The differences 1in the
responses have been attributed to the food plant's

influence on the enzymes that detoxify the 1insecticides

(Omer et al., 1993).

The interaction between food plants (particularly
their constituents) and enzyme induction needs to be
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