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SUMMARY

Azadirachtin was isolated from the seeds of the neem tree (Azadirachta indica) by
solvent extraction and flash column chromatography. The recrystallised material was
characterised by chromatography, NMR and melting point, and was found to have a purity
of >95%. The yield, from Sri Lankan neem seeds, was 0.065% w/w. The pure compound
was used to prepare the reduced derivative (22,23) dihydroazadirachtin and (22,23-3Hp)-
dihydroazadirachtin was also commercially prepared for tracer and metabolic studies. The
radiolabelled tracer was used to follow tissue uptake, metabolism and excretion in the
locust Schistocerca gregaria . It was found that an injected dose of the tracer was removed
with great speed from the haemolymph, apparently by carrier-mediated specific
mechanisms, into many of the locust tissues. Unlabelled analogues, injected in large
excess, inhibited the clearance of the tracer to different extents and the results suggested
that azadirachtin and its dihydro derivative have different affinities for the uptake
mechanism. Radio-labelled dihydroazadirachtin applied topically to the locusts was shown
to penetrate the insect to only a limited extent. A large fraction of the tracer was absorbed
into the fat body as well as into gut, Malpighian tubules and nervous tissue. Binding of the
dihydroazadirachtin was persistent and not easily displaced. There was no evidence of
active excretion of dihydroazadirachtin by the Malpighian tubules. Metabolism of the
dihydroazadirachtin was slow, and largely restricted to fat body and crop. Attempts, in
vivo and in vitro, to show an effect of azadirachtin on Malpighian tubule function in a)
water secretion and b) clearance of the sulphonic acid dye, amaranth, were unsuccessful.
3H-glycine and 358-cysteine were used as tracers to examine the effects of azadirachtin on
the incorporation of these amino acids into the protein and peptides in various tissues both
in vivo and in vitro. The tissues examined were fat body, ovary, gut, brain and corpus
cardiacum.. It was found that the terpenoid eliminated the stimulatory effects of crude
neurohormonal extracts from corpus cardiacum on protein synthesis in fat body and ovary,
but had no effect on basal, unstimulated synthesis. On the other hand, the azadirachtin did
not inhibit the stimulation of protein synthesis in the fat body due to application of puré
juvenile hormone, suggesting that the effects on protein synthesis were differential.
Azadirachtin appeared to have a direct inhibitory effect on protein biosynthesis in the mid-
gut, and this could partly account for observed secondary antifeedant effects.
Incorporation of 33S-cysteine into the polypeptides, including glutathione, synthesised in
both brain and corpus cardiacum was strongly inhibited by azadirachtin. This suggested
that many of the biological effects of the terpenoid are due to interference with
neuroendocrine processes, most of which are mediated by peptide hormones.
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1.1 Importance of biological insecticides

Many synthetic pesticides are used for protection of growing crops and
stored products. They have resulted in environmental problems and disturbances of the
local ecology due to increasing pest resistance and destruction of non-target beneficial
insects. The problems associated with the large-scale use of synthetic insecticides have
dictated the need for effective, biodegradable pest control materials with greater
selectivity. Because insect damage of plants results from feeding or from transmission
of plant pathogens during feeding, chemicals which reduce pest injury by rendering
plants unattractives or unpalatable can be considered as potential substitutes for
insecticides (Saxena et al., 1981).

The “first generation” of insecticides was introduced about 100 years ago.
They were natural plant insecticides such as pyrethrins, nicotine, rotenone or
ryanodine. Generally, the efficiency and the selectivity of these products against insects
was somewhat limited, but they were the best compounds available until about 1940,
by which time some insect populations had already developed resistance against some
of these compounds. Around 1940 the synthetic insecticides, such as DDT, were
introduced as the “second generation” of insecticides (Forgash, 1984). They were very
efficient, neuro active compounds, e.g. the chlorinated hydrocarbons, the
organophosphates, the carbamates and the pyrethroids. These developments had a
profound impact on agriculture and public health. Productivity increased substantially
and diseases such as malaria were eradicated from entire geographic areas. These
groups of highly potent neurotoxins dominated the insecticide market. Initially, high
potency and broad spectrum activity were most important. Later, other aspects such as
reduced toxicity against vertebrate and entomophageous insects or reduced
environmental stability became desirable. After the achievement of potency and
efficiency during the period 1940-1960, research began to focus more on factors such

as selectivity and environmental safety. In the late 1960’s a “third generation” of

21



insecticides was born, insect growth regulators. Compounds disturbing hormone
signalling or chitin synthesis, such as juvenile hormone analogues, ecdysones,
precocenes and acylureas are generally selective and environmentally safe. However,
they act slowly, often allowing the insects to consume considerable quantities of their
host plants before they die. Then another group of compounds, called the “fourth
generation” of insecticides, and including antifeedants and pheromones were
introduced. They are potent, broad spectrum antifeedants often with systemic activity
(Eder, et al. 1985).

The chemicals, which when perceived, reduce or prevent insect feeding, and
consequently, growth, development, survival and reproduction, are important defence
barriers in some plants against insect attack. They are generally pest-specific and
therefore, harmless to non-target organisms. Research on the biological activity and
chemistry of antifeedants has been emphasized, because of their biodegradable nature
and relative safety to beneficial organisms in the environment (Norris, 1986). Hence in
recent years, there is increased dependence on the use of plant products for insect pest
management in crop plants.

The plants that have shown potential in pest control during the past few years
are; neem, Azadirachta indica; Chinaberry, Melia toosenden L. and M. azedarach L.;
West indian mahogany, Swietenia mahagoni Jacq; custard apple, Annona squamosa
L.; African marigold, Tagetes erecta L.; French marigold, Tagetes patula L.; and
thunder gold-vine, Tripterygium wilfordii Hook. Today, however, only a few active
ingredients produced by various natural organisms are commercial pesticides (Table

1.1).
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Table 1.1 Natural compounds as commercial pesticides in world markets

(Naumann, 1994)

Natural uct Origin Application
e.g.
Pyrethrum plant garden pests
Avermectin bacterial spider mites
Microbial antibiotics bacterial rice fungal pests
fungi

Rotenone plant garden pests
Azadirachtin plant garden pests,
fungal pests

agricultural pests etc.

Nicotine plant green house

Officially allowed crude extracts of natural products for plant protection in
organic farming are: sea weeds, Pyrethrum, Derris roots, Quassia wood extract, Ryania
wood dust, Bacillus thuringiensis endotoxin, soft soap, plant oils, Reynoutria extracts,
wild herb extracts, Neem seed extracts . Among these plant products, the neem
extracts, originating from the neem tree, Azadirachta indica , are available in many
parts of the tropical and subtropical regions of the world. The neem extracts, containing
azadirachtin* (Fig.1.2) are of particular interest at present, because there seems to be a
realistic basis for providing many tons of active ingredients for world-wide protection
purposes. At present the use of such extracts is largely restricted to local farmers in

semiarid, tropical areas around the globe where the tree is growing.

*It has been discovered the major active ingredient in the neem extracts is azadirachtin,
which is a tetranortriterpenoid ( see detail in section 1.8).
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The extracts of the seed of several million trees would be needed to protect an
area of 109 ha of a normal agricultural crop. One neem tree may provide the
azadirachtin needed to protect 0.3-1 ha, taking an application rate of 20-50g/ha against,
for example, lepidopterous larvae. However, the sensitivity of various species to
azadirachtin varies widely. In the meantime, this botanical source has been registered in
several countries, including the USA, for food crops (Naumann, 1994).

In developing countries the use of neem seed extracts, neem oil, and neem
cake against vegetable and fruit-tree pests is feasible even at the level of the peasant
farmer. On the other hand, in industrialized countries and India, some alcoholic
formulated neem seed extracts are being developed. Although their efficacy is
sometimes inferior to that of toxic, broad-spectrum, synthetic iﬁsecticides, the degree of
reduction of pest populations is, as a rule, quite sufficient (Ermel, et al., 1987). A
comparison of the efficacy of neem extract with synthetic pesticides against Plurella
xylostella has been carried out (Table 1.2).

In these trials aqueous and enriched alcoholic seed kernel extracts (AZT-VR-
K) alone or in combination with the Bacillus thuringiensis- based product, Thuricide,
were compared to each other and to the synthetic insecticides a "Selecron” (profenofos)
and BAY SIR 14591 (IGR, developed by Bayer AG). Cabbage plants were treated five
times starting eleven days after transplanting. The order of effectiveness with reference
to the yield was BAY SIR 14591 > AZT-VR-K (0.2%) > AZT-VR-K (0.2%) +
Thuricide > aqueous kernel extract (25g/1) > aqueous kernel extract (25g/1) + Thuricide
> Selecron > Thuricide. The development of the larvae in the neem treated plots was
seriously affected so that considerably lower numbers of last instar larvae, prepupae,
and pupae were found. Due to heavy infestation pressure the feeding activity of larvae
could not be prevented completely in the neem plots, but most of the cabbage heads

showed only light, tolerable damage (Kirsch, 1987).
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Table 1.2 Effect of neem extract and conventional insecticide treatments

on cabbage yield and head damage (Kirsch, 1987).

Insecticide, conc. Yield Head
or applied amount (tons/ha)  damage*
Control 34.6 49
Selectron 500 EC, 0.05% 42.3 4.9
BAY SIR 14591 250 EC, 50g/ha 71.1 1.0
Thuricide HP, 1kg/ha 34.0 4.8
AZT-VR-K EC, 0.20% 52.9 2.6
AZT-VR-K EC, 0.20% + Thuricide 47.3 2.3
HP 1kg/ha
ANSKE, 25g NSK/1 45.5 1.5
ANSKE, 25g NSK/1 + Thuridice HP  44.3 1.4
HP 1kg/ha

* Damage rating: 1 = heads with no damage; 2 = heads with light damage,
no trimming required; 3 = heads with light damage, trimming of one leaf required; 4 =
heads with moderate damage, trimming of two to three leaves required; 5 = heads with
severe damage, trimming of more than three leaves required.

Therefore extracts of the neem tree are of great potential importance due to the
fact that they have low mammalian toxicity and low environmental problems in contrast
to the hazards of toxic synthetic pesticides. The interest in neem seed kernel extracts is
increasing in the developing countries in the hope that these may be used to solve the

problems caused by synthetic pesticides.
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1.2 Neem tree

Neem, Azadirachta indica A. Juss (Fig. 1.1), is a member of the Meliaceae
family. The trees are attractive broad-leaved evergreens that can grow up to 30m tall
and 2.5m in girth. Their spreading branches form rounded crowns as much as 10m
across. They remain in leaf except during extreme drought, when the leaves may fall
off. The short, usually straight trunk has a moderately thick, strongly furrowed bark.
The roots penetrate the soil deeply, where the site permits, and particularly when
injured, they produce suckers. The small, white, bisexual flowers are borne in axillary
clusters. They have a honey like scent and attract many bees. Neem honey is popular,
and reportedly contains no azadirachtin. The fruitis a smooth, ellipsoidal drupe, up to
almost 2 cm long. When ripe, it is yellow or greenish yellow, and comprises a sweet
pulp enclosing a seed. The seed is composed of a shell and a kernel (sometimes two or
three kernels), each about the same weight. It is the kernel that is used most in pest
control. A neem tree normally begins bearing fruit after 3-5 years, becomes fully
producing in 10 years, and from then on can produce up to 50 kg of fruit annually. It
may live more than two centuries (Ruskin, 1992).

The exact origin of the neem tree is uncertain. Some say it is native to the
whole Indian subcontinent, and others attribute it to dry forest areas throughout all of
South and Southeast Asia, including Pakistan, Sri Lanka, Thailand, Malaysia, and
Indonesia. The tree is easily propagated, both sexually and vegetatively. It can be
planted using seeds, seedlings, saplings, root suckers, or tissue culture. However, it is
normally grown from seed, either planted directly on the site or transplanted as
seedlings from a nursery (Ruskin, 1992). Almost every part of the neem tree,
including its roots, leaves and fruits offers great potential for agriculture, industrial and

commercial exploitation.
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Fig. 1.1 A twig of neem showing characteristic leaves and

fruits.
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For instance, the seed oil has commercial possibilities for lighting and heating and in
the manufacture of wax, lubricants and soap. The low cost of preparing neem extracts
for insecticidal use contrasts with that of synthetic pesticides and is really a major factor

behind its wide use in developing countries (Randhawa et al., 1993).

1.3. The use of neem in Sri Lanka

Neem is an important plant, which has multiple uses for farmers and others. It
is called ‘Kohomba’ in Sinhalese and ‘Vempu’ in Tamil and is common in the dry zone
of Sri Lanka. It grows in the wild, but it is also cultivated by the people because of its
manifold uses.

Annually more than 700,000 Kg of pesticides, herbicides and fungicides are
used in Sri Lanka in agricultural to control pests, weeds, herbs and fungi. The neem
tree in Sri Lanka could be utilized by small local farmers who cannot afford to buy the
expensive synthetic pesticides. Most of them lack "adequate knowledge of the handling
of hazardous insecticides.It was found that 74% of the admissions to the hospitals as a
result of poisoning are due to pesticide poisoning (Wimalasena, S., personal
communication). For these farmers, the neem tree is a good botanical source for crop
pest management, and the use of neem water extracts are safe to handle.

Neem leaves are used as an insect repellent in storage of rice in containers.
The leaves are chopped and kept over the heap of rice in the container. The container is
also covered with leaves. The odour emitted by the leaves drives away the insect pests.
As the green leaves dry up, they are replaced periodically. Green leaves are also used
by vendors who sell fast food, to drive away insects, especially flies. They either hold
the leaves in a bundle in their hand, or hang them over the food. Green leaves are used
as pesticide- manure. Green leaves are also used as fodder for cattle, and appear to
combat worm infection in livestock. Neem is also an anthelmintic for cattle. The milk

obtained after feeding this leaf to milch-cows is bitter, but is supposed to be good for
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the health of human beings. The dry leaves are also burnt in front of homes and the
fumes drive away mosquitoes and other insects.

The seed is collected, sun-dried, and stored. They can then be burnt with
paddy husk in clay pots to repel mosquitoes in houses. Seed powder is mixed with
cereal grains in storage to control the insect pests of stored products. Seed paste is used
as a detergent (shampoo) for removing lice from the head. Seed oil is obtained by
‘milling’ the dry seeds. The oil is used as a repellent against insect pests in houses and
cattle sheds. The oil is smeared on wooden surfaces in houses to repel insect pests, and
is also used in the form of a fumigant. In native medical practice, neem oil is used as an
anthelmintic in man and livestock ; and also against chronic forms of skin diseases,
stomach ulcers and rheumatism (Fernando, 1982). It is a parasiticide for ringworm,
scabies and other skin diseases. It destroys parasites even if they are present deep in the
skin. In malarial fever this oil is effective when given internally periodically at intervals
of one or two days. The oil is also a powerful and effective antiseptic. Neem oil is used
to manufacture soap, the use of which safeguards the skin from microbial infection.
This soap is available in the shops and is preferred to other soaps because of its
medicinal value. _

It is believed that the dried flowers can be used in preparing an effective food
for diabetics called ‘Vedakam’ which is sold in local shops. It consists entirely of dried
neem flowers mixed with black gram (chick pea) paste. Neem ‘honey’ is obtained from
neem flowers. It is used by village people, especially the children, to ensure good
health, and to prevent infection.

Neem timber is of great value, durable, and preferred over other species for
decorative work and carving. It is used for making doors and windows because there is
no danger of this timber being attacked by termites due to its antifeedant affect. The
bark taken from the living tree is boiled in water and this decoction is used as a tonic to

relieve muscular pain in influenza. The bark is astringent and bitter. The aqueous
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extract is used as a febrifuge and drinking this and tonic in local medicine. However, it
has been noted that, following removal of the bark, timber of inferior quality is
produced. The bark of the root of neem is effective in relieving pain. The thin twigs are
traditionally used for cleaning the teeth and ensure strength and firmness of both teeth

and gums (Trimen, 1974).

1.4. Neem extracts as biological insecticides.

The cost of preparing neem extracts for insecticidal use contrasts with that of
synthetic pesticides. It has been estimated ( Redknap, 1981) that neem applications to
repel insects can be as low as one tenth of the cost of malathion. This is a major factor
behind its wide use in developing countries.

The most important neem products used in numerous trials are as follows:
neem seed oil and neem seed cake; aqueous neem seed kernel aﬁd leaf extracts
(“suspensions’); alcoholic (ethanolic, methanolic) seed kernel and leaf extracts;
enriched, formulated seed kernel extracts.

Neem seed oil is pressed from neem seeds in the cold by using oil presses or
extraction with alcohols or other solvents using a Soxhlet apparatus. Small amounts of
oil can be obtained by kneading neem seed powder by hand after adding some water
(Dreyer, 1987). Neem kernels contain up to 50% of oil. Neem oil is emulsified by
addition of emulsifiers. It may be sprayed after mixing with water at concentrations of a
few percent (3 to 5%) or at higher concentrations, which may, however, lead to
phytotoxicity in some plant species.

Neem seed cake is the residue of seed kernels after the oil has been removed.
This cake is a useful organic fertilizer, containing several percent of nitrogen as well as
some azadirachtin and/ or other active principles. It also has nitrification properties.
This cake, worked into the soil in various concentrations, has proved to be effective

against some soil and root-infesting nematodes. Fresh and dried neem leaves are also
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somewhat effective against nematodes after they have been worked into the soil,
although considerable amounts are needed to obtain satisfactory results.

Aqueous extracts (“suspensions’) are prepared from ground or pounded
dried neem seeds or leaves. The former are often preferred as they are more active.
Usually about 25 to 50g of seed kernels are used per litre of water. If unshelled seeds
are used, double the quantity is needed. The extraction process lasts 5 to 6 hours. The
larger particles are removed by filtration through a piece of cloth and the spray is ready
for application at a high volume (Dreyer, 1987).

One-step alcoholic seed kernel or leaf extracts have also been used, but their
production is more expensive and also more time-consuming than that of water
extracts. Alcoholic extracts can be obtained by extraction of ground or pounded seed
kernels or leaves in the cold or by means of Soxhlet apparatus. For successful pest
control, concentrations of a few percent (1 to 2% for seed extract, 2 to 4% for leaf
extracts) are needed (Adhikery, 1983; Steets, 1976; Karel, 1987).

Enriched, formulated seed kernel products are either based on alcoholic
extracts, which are purified in some steps to increase their azadirachtin content, as in
the case of U.S. patented “Margosan-O” (Larson, 1987), or extracts obtained with an
azeotropic mixture of methanol and methyl tertiary-butyl ether, also purified in some
steps, as in the case of AZT-VR-K (Feuerhake, 1984, Feuerhake et al.,1985).

There are several active compounds in neem seeds, but the dominant
substance is the tetranortriterpenoid, azadirachtin. Normally the best results in
controlling insect pests are obtained with seed extracts containing the highest amounts
of this compound. For this reason it is of great importance to collect seeds of good
quality and to dry and store them properly to prevent losses of the active ingredients
and contamination by fungi especially under humid conditions.

The first commercial product of neem, “Margosan-O” (W.R. Grace & Co.,

Cambridge, MA, USA) was registered in the USA in 1985. Several commercial and
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semicommercial preparations are now available (Table 1.3). Neem seed oil is often a
starting material for such insecticides and its biological activity is closely related to its
azadirachtin content (Isman et al., 1990). However, with the different formulations of
neem used, and the many varied modes of application, detailed comparisons of efficacy
against different pest species are extremely difficult to make. For example, limonoid
mixtures may be more effective than azadirachtin alone; neem oil itself has insecticidal
properties unrelated to its azadirachtin content and crude formulations contain volatile

repellent components.

1.5. Use against pests

The neem tree has emerged as a most important source of insecticides. All
parts of the tree are biologically active. The maximal insecticidal activity, however, is
in the seed kemel. The kemel extracts and pure compounds isolated from the seed have
shown diverse biological effects against insects. These include repellent, feeding and
oviposition deterrent and growth regulatory and sterilizing effects. In addition, neem is
also reported to have direct toxicity and to impair egg viability.

The number of insects tested with neem has now increased to more than 300
species (Singh, 1993). Most of the above evaluations deal with pests of agricultural
importance and include almost all the key pests of agriculture. Some active ingredients
of the seeds and leaves of the tropical neem tree, especially the tetranortriterpenoid
azadirachtin, influence the feeding behaviour, metamorphosis, fecundity, and fitness of
numerous insect species belonging to various orders. Some spider mites are also
affected. Apart from some smaller, less important groups in other insect orders,
Saltatoria, Homoptera, Heteroptera, Coleoptera, Lepidoptera, Hymenoptera, and

Diptera have proved to be sensitive, at least in laboratory experiments.
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Table 1.3- Commercially produced neem-based pesticidal products

(Parmar et al.,, 1993).
Commercial
Product

Margosan-O

Meen

Azitin-EC -
Neemazal
Godrej Achook

Field Marshal
Margocide-CK

Moskit
Neem based EC
Neem oil emulsion

Neemgold

Neemrich

Nimba

Wellgro

Active ingredient(s)

Or source
Azadirachtin
Azadirachtin

Azadirachtin
Azadirachtin
Azadirachtin,
azadiradione,
nimbocinol,
epinimbocinol
Azadirachtin
Azadirachtin

oil
Kernel or oil

Oil
Azadirachtin,
kernel extract

Extracts

Kernel based

powder
Neem kernel
Powder

34

Activity claimed

Insecticide, miticide
Growth reg., repellent,
antifeedant
Insecticide/miticide
Inseticide

Antifeedant, repellant/
deterrent & growth reg.

Antifeedant, repellant

Antifeedant, growth reg.,
ovicidal, nematicidal

Mosquit repellant
Pesticidal
Pesticidal

Antifeedant

Warehouse pests &
antifeedant

Pesticidal
Repellent, fungus

inhibitory, antiviral, &
plant nutrition



1.5.1. Phytophagous insects

Neem products can control effectively a considerable number of vegetable
pests, fruit-tree pests, and pests of ornamental crops including trees, shrubs, and
flowers. The best results have been obtained by application of extracts from neem seeds
with alcohols ( methanol, ethanol). Extracts from neem leaves are generally less
effective since greater amounts of raw material have to be used to obtain results
comparable to those of the seed extracts (Hongo et al., 1986). Neem oil also showed a
lower degree of efficacy than whole seed extracts. However, the effect of neem
products varied with the pest species tested and the progeny of the materials used. This
is not surprising in view of the problems of standardization.

Lepidopterous larvae have been the main target pests of neem application
(Rossner et al., 1987). They are the most important group of harmful insects in warm
climates. In most field experiments against caterpillars, satisfactory to very good
results were obtained, especially by application of seed kernel extracts. The feeding
activity and metamorphosis of the insects were seriously disturbed by the active
ingredients of these extracts, leading to a decline of pest populations which was often
equal to the effect of a number of well-known synthetic pesticides. In some cases the
effects of neem products were better than those of synthetic products, especially in
control of the diamondback moth, Plutella xylostella. The latter develops resistance to
all major groups of pesticides rather quickly, especially in Asia, but also to microbial
pesticides based on Bacillus thuringiensis (Schmutterer, 1985). Interestingly, a
selection for resistance of P. xylostella against neem products during forty generations
in the laboratory was not successful, giving hope that resistance to neem compounds
may not rapidly appear (Jacobson, 1988).

Cabbage field plots heavily infested with the diamondback moth, Plutella
xylostella, were treated with different neem products at intervals of seven days starting

five weeks after transplanting ( Adhikary, 1983). A water extract of powdered neem
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leaves (suspension) (40g/l) gave no protection relative to the control. On the other
hand, a neem leaf methanolic extract at 4% significantly increased the yield and
reduced the number of damaged heads and of larvae per infested head. The best results
were obtained with methanolic extract of neem kernels. At both concentrations tested (2
and 4%) yields were considerably higher than in the control. There was no significant
difference between the plots sprayed with the synthetic insecticides “Mevinphos”
(0.05%) or “Deltamethrin” (0.02%) and those sprayed with the neem kernel extracts.

Sprays based on 25 and 50g of neem powder per litre of water prevented any
feeding damage by the cabbage moth and also controlled of the cabbage head
webworm, Hellula undalis. Consequently, the number of the cabbage heads harvested,
the quality, and the weight per head were considerably higher in the neem plots.
“Dipel”, a microbiological product based on Bacillus thuringiensis, proved to be
considerably less active than the neem extracts (Dreyer, 1987).

In field tests against the cabbage webworm, Crocidolomia binotalis, finely
ground or oven-dried leaves of neem were stirred for about 24h in 95% ethanol. From
the dried crude neem leaf extract a 2% solution was prepared which was applied
weekly to cabbage, starting from the third week after transplantation of seedlings. The
neem treatment reduced the number of infested plants by about 40% in comparison with
the control. Egg-laying by adult moths was reduced by about 60%. Methanolic extracts
of neem leaves gave higher yields and were more effective than ethanolic and aqueous
extracts and therefore may also give slightly better results in the field (Fagoonee,
1979).

In a field test in India, the efficacy of different neem products was evaluated
against insect pests of radish. An aqueous seed kernel extract, ethanolic seed kernel
extract, and neem oil, all at concentrations of 1, 2, and 3%, respectively, were sprayed
on young radish plants seven, seventeen, twenty seven, and thirty seven days after

sowing. All neem treatments reduced leaf damage by the flea beetle, Phyllotreta
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downsei. The best results were obtained with an aqueous seed kernel extract, which
gave between 60 and 68% protection, followed by ethanolic extract and neem oil
(Abdul Kareem, 1981).

A weekly application of ripe neem fruits at 112.5g/l1 and a fortnightly
application of a neem fruit/water suspension (85g/1) controlled efficiently the African
melon ladybird, Henosepilachna elaterii ( Epliachna chrysomelina ). The number of
cucumber per plant was higher than in the malathion treatment (85 ml / 4.51)
(Redknap, 1981).

Laboratory tests showed that neem kernel extracts with nonpolar solvents are
more effective than with polar ones in the control of the carmine spider mite,
Tetranychus cinnabarinus, a pest of beans and other vegetables. The best results were
obtained with pentane, followed by chloroform, n-butanol, acetone, methanol, and
water. Adult females were repelled from treated bean leaves and laid fewer eggs.
However, the chloroform and ethanol extracts caused phytotoxic effects. Adult females
of the mite, when sprayed directly with a pentane or an acetone extract, showed
reduced fecundity and high mortality (Mansour et al., 1984).

The effectiveness of neem extracts in controlling several bean pests was
compared to that of other plant extracts (tomato, hot pepper) and the synthetic
insecticide “Lindane”. Aqueous extracts of neem seed kernels at 2% and of neem leaves
at 4%, sprayed in the field on bean plants, halved the incidence and the damage of the
flower thrips, Taeniothrips sjostedti. In the neem treatments the number of larvae of the
pod borers, Maruca restulalis and Helibthis armigera, and the pod sucking bug,
Acanthomia horrida, were also reduced (by up to 40%). The seed extracts proved to be
more active than the leaf extract. The results of the "Lindane" plots were not
significantly different from those of the neem plots ( Hongo et al., 1986).

Application of aqueous neem seed kernel extract (“suspension”) in India at 1,

S5, and 8% on pigeon pea, Cajanus cajan, controlled efficiently the pod fly,
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Melanagromyza obtusa, and the pod borer, Heliothis armigera (Jain et al., 1986;
Srivastava et al., 1984). The efficacy was comparable to that of synthetic pesticides.
Similar results were obtained with neem oil and ethanolic extracts of seeds against M.
obtusa, H. armigera, and Maruca testulalis on the same crop (Parmer, 1987).

More recent work relates to new applications of azadirachtin in the
management of pests of ornamental crops (Price et al., 1990). Both contact and
systemic action of the neem-based insecticide “Margosan-O” on the spiny bollworm,
Earias insulana and the leathopper, Assymmetrasca decedens were measured (Meisner
et al., 1990, 1992). Insect growth regulatory (IGR) effects of low topical doses of
“Margosan-O” to Spodoptera littoralis larvae (Meisner et al., 1992), and varying
susceptibility of nymphal instars of Aphis fabae to “Margosan-O” were found
(Dimetry et al., 1992). For field applications, careful consideration is required of the
stability of a compound in the particular climatic conditions. Necessary steps for its
stabilization should be taken. For example, the antifeedant potency of azadirachtin
exposed to sunlight for seven days was reduced by more than half compared with non-
exposed azadirachtin against S. frugiperda first instars. No activity remained after
sixteen days (Stokes et al., 1982).

The effect of azadirachtin and salannin (Fig. 1.2) on the striped cucumber
beetle, Acalymma vittatum and the spotted cucumber beetle, Diabrotica
undecimpunctata , was tested in laboratory and greenhouse trials in the U.S. Leaf
disks, dipped in an azadirachtin solution of 0.01%, stopped feeding by D.
undecimpunctata by 98%. Salannin was also very active against the former but less
active against the latter. Further greenhouse trials showed that azadirachtin
concentrations of 0.1% gave good protection against A. vittatum for three days. To
extend the effect for a longer period and to reduce transmission of diseases by the

beetles, concentrations of at least 0.5% had to be applied. In greenhouse tests it was
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demonstrated that azadirachtin can act systemically when the roots of plants are

immersed in azadirachtin solutions (Reed et al., 1982)

1.5.2. Stored product pests

Neem has proved to be effective in protecting stored products, particularly
grain, whose losses, if untreated, can be high. Such losses are frequent in developing
countries due to the inability to apply expensive chemical pesticides. Effects on stored
product pests include antifeedancy, oviposition, reduced egg hatch and emergence, and
direct lethality ( Morallo-Rejesus et al., 1990; Ivbijaro, 1990; Naquvi et al., 1990). The
protection of neem may persist for a number of months, although this varies among
insect species, and is perhaps related to the behaviour of the insects (Makanjuola,
1989). A clear benefit of neem is that subsequent germination of stored seed is not
impaired by treatment (Gupta et al., 1989).

The traditional use of neem may differ in the region or with farmers of
different cultural backgrounds. For example, in southern Sind, Pakistan, farmers mix
neem leaves with grains stored in gunny bags, or they rub crushed neem leaves on the
inner surfaces of mud bins before filling them with grain. In central Sind, where “palli”
made of plant materials is a common storage structure, crushed neem leaves are mixed
with mud and used as plaster for its inner sidewalls and top. A survey of various types
of on-farm storage practices revealed that a combination of two or three insect control
measures, including the use of neem leaves, was used by 29% of the farmers in
Punjab and 47% of the farmers in Sind ( Borsdorf et al., 1983). In Sri Lanka, farmers
burn neem leaves to generate smoke for fumigation against insect pests that attack
stored paddy (rice) and pulses (Ranasinghe, 1984). In Nigeria, the traditional use of
plant derivatives, including neem, for protecting stored grain has also been documented
(Giles, 1964).
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