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Goede tradities kunnen maar beter in ere gehouden worden
Dit proefschrift; Sinterklaas

Laboratoriumstudies naar in het veld toe te passen methoden of
technicken hebben weinig nut als de resultaten niet ook in het veld
worden getoetst

Het schrijven van een overzichtsartikel door een beginnend
promovendus is nuttig, maar kan het enthousiasme van de auteur
behoorlijk temperen

De bewering ‘het is natuurlijk, dus het kan geen kwaad’ die bij het aan
de man brengen van huismiddeltjes gebruikt wordt, zou in twijfel

getrokken moeten worden.
Dit proefschrift

Als maat voor het aantal zaden in een monster zijn volume-eenheden

geschikter dan gewichts-eenheden
Boeke LE. en W. Kuiper, 1966. Mededelingen van het Rijksproefstation voor
Zaadcontrole 17, 53-58

Over het ‘roepen om hulp’ door planten als ze aangevallen worden
door insecten is het laatste woord nog niet gezegd, zeker niet als het

gaat om zaden
J.L.M. Steidle, 2000. Entomologia experimentalis et applicata 95, 185-192

De afkorting WUR is gezien de verengelsing van de samenleving en
de wetenschap onuitsprekelijk ongelukkig gekozen

De verspreiding van Coca cola is succesvoller dan die van de meeste
plaaginsecten
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Soms is altijd een goed antwoord
naar M. Kaay, lerares Frans

Wiskundigen zijn een soort Fransen: wat je ook tegen ze zegt, ze
vertalen het meteen in hun eigen woorden en maken er zo iets totaal

anders van
naar J.W, von Goethe

Behalve lolbroeken, grapjassen en geinjurken is er weinig humor in
het Nederlandse modebecld

Blond is slechis een levensfase

Brutalen hebben de halve wereld, eigenwijzen hun hele

De keuze tussen muziek en wetenschap wordt vaak te definitief
gemaakt. De twee gaan goed samen

Het verschil tussen een bikkel en een sukkel is vaak kleiner dan twee
letters
Waarschuwing bij het strikt leven naar NJN-normen
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Chapter 1

Plants with insecticidal properties for the protection of
crops - back to basics

Non-host plant resistance

In the search for new compounds with insect-control potential, the environment itself
could be a source of inspiration. The plants that are attacked by insects are not harmless.
The selection of plants with anti-insect properties for example, is not difficult. Certain
plants are hardly attacked by insects because they have some innate defence mechanism.
This mechanism can consist of external structures such as nettle hairs or thoms, or of
secondary metabolites on the surface or inside the plant that are toxic, repellent or
invoke an anti-feedant effect to non-specialised insects (Schoonhoven et al., 1998). The
insecticidal secondary metabolites from one plant could be applied to other plants as
powders or extracts and could thus protect the latter against insects,

There are disadvantages of such an approach. The plant compounds that have an anti-
feedant effect on insects are usually very bitter or nasty tasting and may thus be disliked
also by mammals including humans. Moreover, it should be taken into account that
plants originally are source of many biologically active compounds as used for
pharmaceutical purposes. The fact that insects do not attack certain plants could be due
to compounds that are toxic to other organisms as well. Therefore, plant secondary
metabolites should be investigated profoundly for their-side effects before being used on
(food) products.

The availability of plants that are to be used as insecticides should be taken into account
as well. If a plant species is used to protect a crop, it should be available in large enough
quantities at the time when it is needed, that is before the insect becomes a pest. Plants
or parts of plants in nature are mostly not available during the whole year since they
depend on climatic seasons. Moreover, once a plant has been discovered as a potent
protective agent and is used as such at larger scale, it might become rare if it is not
grown purposely.

In the developed world

In developed countries, regulations for food safety and quality management are usually
enforced by law te protect consumers. If products are properly treated with insecticides,
the side effects of their residues on mammals are acceptably small and well known.

The use of pesticides is subject to dynamic trends. Insects might develop resistance
against single component pesticides (Ayad and Alyousef, 1986; Evans, 1985), or the
residual and side effects of the agent on consumers’ health and on the environment may
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prove unacceptable. For these and other reasons, compounds that are used successfully
now might be prohibited in the near future, as was for example the case with most
chlorinated pesticides (such as DDT). Plants could then provide leads in the search for
new insecticides.

The concentration of secondary compounds in plants is often low or very low, differs
with the plant part and changes with the plant age, growing situation etc. (Schoonhoven
et al., 1998). Extraction and concentration of the active compounds will often result in
more effective products, since the ineffective bulk of primary and secondary plant
compounds is removed and only the required compounds are retained. In the developed
world, money and equipment are usually available to identify, extract, or even to
synthesise the pure insecticidal compounds from plants. These active compounds can
then be used in quantified mixtures as insecticides. Investigations concerning toxicity
and effects on organisms are almost exclusively done on such pure compounds. When
dealing with biologically variable mixtures such as complete plants or extracts this
becomes technicalty much more difficult and very expensive,

In developing countries

In tropical countries, plants have been and are still used as protective agents or
insecticides. However, with the introduction of often subsidised chemical insecticides,
much of this traditional knowledge was lost (Atteh, 1984). With the introduction of
structural adjustment programmes, the subsidies stopped and the synthetic chemicals
were no longer affordable for most of the low-income producers. Growers would still
want o treat their crops in the field and afier harvest to protect them until they are
needed for home consumption or for selling. However, nowadays much damage occurs
in the untreated fields already and most of the material is sold immediately after harvest
for a low price because proliferating insects will make the products worthless within a
short period. The yield and the price the growers receive could be much higher if they
were able to protect their produce from insects during several months.

If the traditional knowledge could somehow be restored, the protection of crops with
plant materials could become general practice again. The technology, money, means and
the legal need to look for the active ingredients may not be present, but the actual
sources of insecticidal compounds, the plants, are available.

Advantages of the application of nearby growing plants as insecticides are that such
plants could offer a cheap alternative for synthetic insecticides. They would also be
relatively easy to obtain and application normally should not bring about serious health
risks for the person handling them. Many plants have been used traditionally for many
generations. Therefore, the toxicity to human consumers of the treated products is likely
to be acceptably low. The method can be looked upon as environmentally sound, since
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no new residues are brought into the environment. An additional advantage would be
that the development of resistance would take longer if a mixture of compounds is used
instead of one purified compound.

Cowpea and its main storage insect pest

In this thesis, a specific problemn will be tackled: that of the cowpea (Vigna unguiculata
(L.) Walp.) and its main storage insect pest. Cowpea is an important crop in tropical
regions, particularly in West Africa. The seeds are rich in protein and B-vitamins
(Phillips and McWatters, 1991) and are therefore important in the diet of many low-
resource subsistence farmers as ‘the meat of the poor’.

In the field, apart from various other pests, several seed beetle species lay their eggs on
the surface of maturing pods or on ripening seeds. The most important species is the
cowpea beetle, Callosobruchus maculatus Fabricius (Coleoptera: Bruchidae). This
beetle is responsible for over 90% of all insect damage to cowpea seeds (Caswell, 1981),
The larvae develop inside the bean, destroying its contents and after a few weeks, new
adults emerge ready to mate and oviposit on the available beans. With the harvested
beans, beetles and their eggs are taken from the cowpea field to the storage room where
infestation may reach 100 % within 3 fo 5 months (Singh, 1977). Due to this insect’s
damage, the germination of the seeds is negatively affected, and fungal infection occurs
more often (Charjan and Tarar, 1994).

In the field

There are many environmentally sound ways to keep insect infestation in stored cowpea
seeds at low levels {see Van Huis, 1991). The first step should be to keep the infestation
level of freshly harvested beans as low as possible.

Growing resistant varieties, if they are available, is one option. However, in West
Africa, availability of such varieties is often limited and the durability of such resistance
might be questioned (Kitch ez al., 1991). Besides, with the introduced resistance against
bruchids, other properties of the cowpea plant might be changed (Jackai and Ng, 2001),
causing other constraints for obtaining good bean harvests (Singh et al, 1992).
Moreover, new bean varieties could have different seed colours, textures, sizes, and
tastes, and would therefore be potentially unacceptable as food or unsuitable for cultural
events such as religious ceremonies.

Inter-cropping could help to lower the incidence of cowpea pest insects and thus prevent
infestation of the seeds. A crop growing in the same field could serve as a refuge or a
source of food for parasitoids and predatory insects (Khan e al., 1997). Weeding the
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field to remove possible alternative host plants is another measure that could be taken to
keep initial infestation at a low level.

Altering harvest time, getting (part of) the crop off the field before the ripe seeds attract
insects could also prevent severe infestation. If the beans are then stored in the pod in
clean storage structures, the infestation rate can be kept as low as possible (Van Huis,
1991).

From the field to storage

At harvest, infestation will still be present but in low numbers. Prevett (1961) estimated
that at least two percent of the beans will show traces of beetle infestation. Some of the
infested beans could be picked out, but it is very difficult to remove alt infested beans.
Therefore, control measures should be focussed on prevention of further development of
a beetle population.

Proper drying of the beans before they are put into store lowers the beetles’ reproductive
success (El-Sawaf, 1956). Moreover, dry seeds are less susceptible to mould and fungi
that often come with beetle infestation.

Raising the temperature in the storage room to at least 47 °C for more than four hours
kills the adult beetles present between the beans (Iloba and Osuji, 1986). If the
temperature reaches over 57 °C for at least one hour, all developmental stages of the
beetle are killed (Kitch er af., 1992). In tropical countries, these temperatures could be
reached if the beans are either hung over a fire or exposed to the midday sun in plastic
bags or on a black sheet of plastic covered by a transparent one (Chinwada and Giga,
1996). If plastic is available, and if the treatment is repeated when needed, this could be
a good method to reduce infestation.

Storing beans in airtight structures, bottles, plastic bags, oil drums etc. that are filled to
the rim with seeds would cause the developing insects to use up all the oxygen within
two weeks and to suffocate before they can do serious damage (Caswell, 1973).

The beans could also be disinfested by freezing them, irradiating them with gamma rays
(Ghogomu, 1990), or keeping the stored beans under a controlled atmosphere containing
a high level of carbon dioxide (Mbata and Reichmuth, 1996) or nitrogen concentrations
(Ofuya and Reichmuth, 1994). However, for most subsistence farmers these methods,
due to a lack of financial resources, material and equipment, are not applicable.

In storage

When the beans are stored, they could be treated in different ways for protection against
insects. The most obvious way seems to be the treatment or fumigation with synthetic
pesticides. Many of these chemicals have proven to be very effective against bruchid
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damage when applied at the right time, at the right dose and using appropriate
techniques and material for the application. For low-income families in villages,
however, these chemicals are often not available and the costs are disproportionately
high whereas a lack of knowledge about the application may reduce the efficacy of the
pesticide and can cause hazardous situations for appliers and for consumers of the beans.
Improper use of pesticides, measured over two months only in a part of Benin, led to 24
fatal accidents and 241 cases of acute poisoning (Tovignan et al., 2001). Apart from the
possible development of resistance in the beetle, 2 major disadvantage is that these
insecticides kill all insects, including beneficial ones such as the natural enemies of the
beetles.

If the beans are left untreated, many of the developing beetles will be parasitised by
specialised parasitic wasps (Caswell, 1973). Parasitisation by different parasitoid species
(see Van Huis, 1991) can occur in all developmental stages of the beetle: as eggs (by
Uscana spp.), larvae or pupac (by Dinarmus basalis or Eupelmus vuileii). In the
laboratory, under optimised conditions, parasitisation can caunse the death of up to 82%
of the developing beetles (Cortesero et al., 1997). In the field and in untreated stores, the
parasitoids can suppress the build-up of beetle populations, but the control is never
100%.

As an alternative for synthetic pesticides, fine sand or ash can be mixed with stored
beans to make a physical barrier which prevents emerged adult beetles from finding each
other for mating or from reaching a next bean to oviposit on. These particulate materials
could interfere with the respiratory ability of adults, larvae and possibly eggs, or cause
abrasions to the eggs and adults on the bean surface (Katanga Apuuli and Villet, 1996),
The large quantities of the protective material needed make this method of protection
less practical, especially for considerable quantities of stored beans,

In traditional practice, plants are used to treat stored products. These could be applied in
many different forms: as whole plants in layers between pods or seeds, as powders,
extracts or oils mixed with seeds or as volatile oils or extracts acting as fumigants
{Boeke et al., 2001). Such insecticidal plant products, applied to stored beans, can
effectively protect stored cowpeas against the progress of bruchid infestation (Boeke ef
al., 2001).

Examples: the neem tree and tephrosia

Very few insects feed on the neem tree, Azadirachta indica Juss. (Meliaceae). This tree
grows everywhere in the tropics. It does not have external defence structures, but it
contains among others a group of compounds named limonoids, of which azadirachtin is
the best known representative (Van der Nat ef g/, 1991). This compound has a strong
antifeedant effect on all kinds of insects and it affects oviposition behaviour,
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metamorphosis and fecundity of insects. The highest yield of azadirachtin reported is 10
g/kg from the kemnels of the fruits (Schmutterer, 1990). The oil pressed from these
kernels, when applied to cowpea seeds completely inhibits the development of a bruchid
beetle population. Normal numbers of eggs are laid, but they do not hatch and no
emerging adults are found (see chapter 4).

The effective compound is not (very) toxic to humans (Beard, 1989) or other mammals
(see chapter 6). The use of azadirachtin in mixtures is allowed in some countries of the
developed world (e.g. Azatin: USA Environmental Protection Agency, Registration
number 62552-1), whereas the use of crude neem oil is prohibited in most developed
countries. For the use of neem derivatives in the developing world, some state that they
could easily, safely and eifectively be applied to stored sceds (Anonymous, 1995;
Saxena ef al., 1989). Oil from neem kernels can be easily extracted, even by hand. The
kernels are present wherever the neem tree is and they are mainly used for the extraction
of the oil. Others would say that due to its very bitter taste (Lale and Mustapha, 2000),
and the possibility of aflatoxins in the neem seeds due to fungal infection, the use of
neem oil on stored seeds for consumption should be advised against.

A less disputed insecticidal plant is Tephrosia vogelii Leguminosae, which has
insecticidal properties and is well-known as a fish poison (Ibrahim er al., 2000). All
parts of this plant contain rotenone (Delobel and Malonga, 1987). This compound is
insoluble in water (Brown, 1951) and in insects it acts as a respiration inhibitor (Benner,
1993) or rather as a contact poison with no fumigant effect. In insects, rotenone is a
muscular depressant, which may induce slight neurotoxic symptoms; it slowly paralyses
the insects due to complete muscle relaxation (Brown, 1951). The compound degrades
in sunlight (fones ef al., 1933) and has a very low toxicity for warm-blooded animals
(Bowers, 1983).

This thesis

Plants or plant products could be used as insecticides to protect stored cowpea as is
documented in part 1 of this thesis (Boeke ef al., 2001). If money allows it, or if
legislation or safety aspects oblige it, the pure active compounds could be used. In other
situations, the complete plant or easily obtained extracts could offer a solution for the
problems of availability, health risks, costs, and resistance against synthetic pesticides.
Especially resource-poor farmers in the tropics would benefit from cheap ways to
protect their stored seeds.

In this second part of the thesis, the results of the search for botanical insecticides is
presented as it was undertaken with and for cowpea growers in Benin, West Africa.
First, the best testing system, the most susceptible bean variety and the most successful
beetle strain were selected {chapter 2). The plant species that are traditionally most often
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used by farmers in Benin were selected based on a questionnaire among cowpea
growers. These were collected and powders of the dry plant parts were investigated for
their efficacy against the cowpea beetle (chapter 3). Those powders that proved effective
in the laboratory, through toxicity or repellence, were extracted with boiling water and
these extracts were used in bio-assays to find out if the efficacy could thus be enhanced
{(chapter 4). For the most promising plant products, the effects on natural enemies of the
beetles were then investigated (chapter 3). The results are presented of an experiment in
the storage situation in Benin with five of the plant species as used by farmers (chapter
7). For the most famous example of botanical insecticides, the neem tree Azadirachta
indica, an overview of the literature on its effects on mammals is given to enable
evaluation of its toxicity of the treated beans to human consumers {chapter 6). In chapter
8, the results are summarised and discussed in the perspective of the possible application
of the plant products in Benin. The overall aim of the project was to come up with a
safe, effective plant, or more than one, to be used for the protection of cowpea in West
Africa, Farmers could then store their harvest, use it for their own needs and sell the
surplus for a good price.
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Chapter 2

Host preference of Callosobruchus maculatus: a
comparison of life history characteristics for three
strains of beetles on two varieties of cowpea

Sara J. Boeke, Joop J.A. van Loon

Abstract

The reproductive success of Callosobruchus maculatus Fabricius, the main insect
pest of stored cowpea, may vary between strains of this beetle and between
varietics of the host seeds. Life history parameters of beetle strains from three
different origins in West Africa were compared on two susceptible varieties of
cowpea, Vigna unguiculata (L.) Walp. All beetle strains were assayed in a no-
choice and a two-choice test. No major differences were found between the
beetle strains. In a no-choice situation, the developmental period from egg to
adult was prolonged on the bean variety Kpodjiguegue. In a two-choice situation,
the beetles showed a strong preference for the Californian blackeyed bean variety
to oviposit on. Here again the development took longer on Kpodjiguegue beans
and the intrinsic rate of increase of the beetle population was lower. Using either
equal numbers of beans of the same size or equal weights of beans of
undetermined size of the two bean varieties did not affect the outcome of the test.

Key words: Callosobruchus, life history, cowpea, varietal difference,
geographical strains

Introduction

Cowpea, Vigna unguiculata (L..) Walp. Leguminosae Papilionoideae is an important source
of protein in the diet of many people in tropical areas. In the field, the crop is victim of many
pests and discases, whereas in seed storage, the main problem, apart from moulds and rodent
damage is caused by only one insect species, the cowpea weevil Callosobruchus maculatus
Fabricius (Coleoptera: Bruchidae). This bruchid beetle lays its eggs on the ripe pods or
seeds. The larvae feed on the contents of the seed and emerge from the hollowed bean as
adults, ready to mate and lay eggs. The generation time of the beetle is about three weeks,
but varies depending on the temperature and the humidity of the seeds and their environment
(El-Sawaf, 1956; Mookherjee and Chawla, 1964) and on the bean variety (Credland, 1987).
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Callosobruchus maculatus is known to infest all grains of a complete cowpea harvest within
3 to 5 months of storage (Singh, 1977) and it is responsible for over 90 % of all insect
damage to cowpea seeds {Caswell, 1981). After emergence of the beetle, seed germination
and seedling vigour are negatively affected (Baier and Webster, 1992). The damaged seeds
lose weight, are unacceptable for human consumption and thereby represent a lower market
value (Javaid and Poswal, 1995; Elhag, 2000).

Not all of the 7000 cowpea cultivars (Singh, 1977) are equally susceptible 1o this pest insect.
The host on which a C. maculatus female lays her eggs can have a great influence on the
developmental rate and on the numbers of offspring the beetle eventually produces
{Credland, 1987). Generally, the beetle prefers seed types with a smooth testa over rougher
ones to ovipesit on. A smooth testa allows for better attachment of the eggs to the seed,
resulting in a higher chance of successful development (Nwanze and Horber, 1976). Most
eggs are laid on the cheek of the bean (Nwanze ef al, 1975). The seed height and the
corresponding curve of the cheek, which is preferred as flat as possible, account for much of
the variance in ovipositional preference (Oigiangbe and Onigbinde, 1996). Colour
preference is ambiguous: in a choice situation, darker coloured seeds are preferred for
oviposition to white seeds (Chavan ef al., 1997), but in no choice situations, no difference
was found (Shazali, 1990). Resistance of certain cultivars does not seem to be dependent on
the levels of cysteine proteinase inhibitors or on tannin content {Shazali, 1990; Fernandes et
al., 1993).

In our laboratory, the cowpea beetles are routinely reared on the Californian blackeyed
cowpea variety, which is susceptible to C. maculatus (Nwanze and Horber, 1975, Baker et
al., 1989). However, in the field situation in Benin, West Africa, the widespread cowpea
variety Kpodjiguegue is highly favoured by the cowpea beetle (Kossou, pers. comm.}. The
seeds of this cowpea variety have a darker smoother testa than the Californian blackeyed
beans, which could attribute to their attractiveness. However, there is an obvious difference
in size between the two varieties. Kpodjiguegue beans are much smaller than Californian
blackeyed beans, which would invoke an ovipositional preference for the bigger seeds in a
choice situation (Hu et ¢/., 1995; Ofuya, 1997a),

Besides a preference of C. maculatus for a certain host type, there are differences in the
developmental characteristics of different beetle populations (Credland et al, 1986;
Credland and Wright, 1989; Giga et al., 1995). The host preference, numbers of offspring
and the developmental period can vary considerably between separately evolved populations
(Dick and Credland, 1984).

Here we test if there are differences in preference or survival on the two bean varieties for
beetles collected in Niger near Niamey, in Southern Benin and in Northern Benin. The
beetles from these different sites will be called beetle strains, although we do not know if
they are genetically different. These three beetle strains had been reared in the laboratory for
different periods of time. We tested whether the strains differ in host preference and life

10
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history characteristics and whether they are affected differently by the rearing procedures.
Thus the biology and performances of three beetle strains on two bean varieties were
followed and presented here. The study serves to provide baseline data on the most
successful beetle strain on the most susceptible bean variety for later evaluation of the effect
of measures taken to protect stored cowpea.

Material and methods

The experiments were done in October 2000 with three beetle strains that are currently
reared in our laboratory. The North Benin strain was collected in Northern Benin and reared
in the laboratory since January 1999, the South Benin strain collected in Southern Benin
near Cotonou was reared in the laboratory since October 1998 and the Niger strain was
collected near Niamey and reared in the laboratory since December 1990.

All beetles were reared in petri dishes on the cowpea variety Californian blackeyed in
separate climate chambers at 30°C * 2°C with a twelve-hour photoperiod at the ambient
relative humidity (50-80%). Tests and incubations were done under the same conditions. For
the tests newly emerged (1-1.5 h), unmated beetles were used.

The beans used for the rearings and the experiments were free of insecticides. Kpodjiguegue
beans were produced in Benin and transported soon after harvest. The Californian blackeyed
beans were purchased in the Netherlands. All beans were disinfested in our laboratory by
storing them at —20°C for one week and drying them afterwards in an oven at 60°C for one
week. Before use, they were stored in plastic containers at room temperature, For the rearing
and for the experiments, visually uninfested cowpeas were used (without eggs or emergence
holes).

No-choice test

For each cowpea variety, 50 beans of undetermined size and weight were put in a petri dish
of 5-cm diameter. One female and two male beetles were released on these beans.

The petri dishes were monitored every 24 hours. Beans with eggs were replaced by
uninfested ones once a day until the death of the adult beetles. For every day for each
female, the beans with eggs were stored in separate petri dishes under the incubation
conditions. In this way, the daily egg production, the lifetime-fecundity and adult longevity
i days were measured for the individual beetles.

The eggs were incubated to monitor daily emergence, to determine the developmental period
and egg and larval mortality, Newly emerged adults were sexed and removed daily. The first
emerging F) adults were used to start the F, experiment, which was treated and monitored in
the same way as the F; generation.

The intrinsic rate of increase of the beetle population per day, r,, was calculated according to
Howe's (1953) simplified method: 1y, = In x / (t + 0.5%p) with x = the number of female

11
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offspring that emerged, t = the developmental period in days and p = the longevity of the
female parent beetle (= the oviposition period). The experimental scheme is shown in Figure
1. The tests were replicated five times

Two choice test

When compared directly, the difference in average size between the bean varieties could be
an important factor in the beetles’ decision to oviposit. To eliminate the effect of this size
factor, we did two experiments:

-Equal numbers of beans: Of each variety, 25 beans of approximately equal size were put in
ong 5-cm petri dish. For the Californian blackeyed variety, the smallest beans were selected
and for Kpodjiguegue, the biggest seeds were used. One newly emerged female and two
newly emerged males were added to the beans. Data collection was the same as in the first
experiment, Only one generation was incubated.

-Equal weight of beans: For each bean variety five grams of beans of undetermined size
were weighed in a 5-cm petri dish and infested, incubated and monitored as in the former
experiment. These tests were replicated five times

FO F1 F2

Cb-Ch 5 repetitions
Cb 5 repetitions {

Kp-Ch 5 repetitions
Mass rearing on Cb

Ch-Kp 5 repetitions
Kp 5 repetitions {

Kp-Kp 5 repetitions

Figure 1: Scheme of the treatments in the no-choice test as they were tested for
three strains of the cowpea beetle Callosobruchus maculatus. Cb = Californian
blackeyed beans, Kp = Kpodjiguegue beans. E.g. Ch-Kp = parents reared on Kp,
actual data collected from offspring living on Cb beans.

Statistics

The data were analysed with a Multivariate General Linear Model with the beetle strain, the
bean variety of the current generation and the bean variety on which the parents developed
as fixed factors. A Bonferroni post-hoc test was performed. For the no-choice test, the data
for the two subsequent beetle generations were analysed separately.
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Results

No-choice test

The beetle’s generations will be referred to as shown in Figure 1. The results for oviposition
and adult longevity and the data on the development of the Fy and F, generations of the no-
choice test are shown in Table 1.

Among the beetle strains, no differences were observed for the Fy and the F, generation. The
only difference that could be found in the F\ generation was that male beetles of the strain
from Southern Benin lived longer than those of the Niger strain. The strain from North
Benin did not show differences from the other strains.

The bean variety offered to oviposit on had an effect on the longevity of male beetles of all
strains. These lived longer on Kpodjiguegue beans for the Fy generation as well as the F,
generation.

The bean variety in which the beetles developed affected the developmental period. The
development took longer on Kpodjiguegue for all beetle strains and for both generations.
The number of emerging beetles and the percentage of eggs that did not complete the
development were not different. The intrinsic rate of multiplication of the beetle population
(rm) was fower on Kpodjiguegue beans for all beetle strains due to the longer developmental
period.

The bean variety on which the F generation had been reared had an effect on the number of
eggs laid after 24 hours. Beetles of all strains that had emerged from Kpodjiguegne laid
more eggs in the first twenty-four hours of their lives irrespective of the bean they were
offered to oviposit on. There were no differences between bean varieties for the total
lifetime fecundity.

The bean variety on which the previous (Fp or Fy) generation developed had no influence on
the development of the next generation (F, or F»).

Table 1: Life history values for the Fy, the Fy and the F, generation of three strains of
cowpea beetles on two cowpea varieties. Values represent means of five replications +
standard deviation. Abbreviations for the bean varicties are explained in Figure 1. Values in
columns followed by the same letters are not significantly different (P>0.05). Capital letters
indicate the influence of the beetle strain, small letters that of the bean variety on which the
present generation lives, and Greek letters that of the bean variety on which the previous
generation had developed.
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Comparison of beetle strains on cowpea varietics

Two-choice tests

The results of both two-choice tests are shown in Table 2. When given the choice, beetles of
all strains prefer the Californian blackeyed beans to oviposit on. There was no difference
between the two types of choice tests. The size of the beans being comparable in one of the
tests did not make the beetle’s preference for the Californian blackeyed bean less profound.
The beetle strains differed in the number of eggs that were laid during the first 24 hours. The
Niger strain produced fewer eggs than the other two strains in the beginning of the
oviposition period. This difference was not found in the total number of eggs produced by
the beetles.

During the whole period of oviposition, beetles of all strains laid fewer eggs on beans of the
Kpodjiguegue variety than on Californian blackeyed beans. The total number of eggs and
consequently the number of emerging beetles were lower on Kpodjiguegue beans. The
emergence from Kpodjiguegue was on average later. Consequently, due to fewer beetles
emerging after a longer period, the r, value was lower for Kpodjiguegue beans. For the test
with equal weights of beans, the developmental period was longer for beetles of the North
Benin strain than for the Niger strain. The south Benin strain did not differ from the other
two strains and there was no effect on the 1, value for any of the strains. The percentage of
eggs failing to develop into adults on Kpodjiguegue beans was not different for Californian
blackeyed beans.

Discussion

From these tests, it appears that the beetle strains as they are reared in our laboratory do not
differ much in their behaviour and biology. The developmental success and the period
needed to complete the developmental cycle are comparable. These results are not surprising
since the places of origin of the strains are not very far apart and the beetles were all
collected on cowpea. Strains tested by Dick and Credland (1984) originated from Yemen,
Nigeria and Brazil and the first strain was even collected on lentils. These authors did find
differences in

the numbers of eggs laid when a certain number of cowpea beans was offered. However,
when clean beans were offered daily, as in our experiment, these differences were no longer
found. The developmental time was different for their strains, with the Yemen strain that
had to change from lentil to cowpea as a host showing the longest developmental period.
One can never be sure that the cowpea, from which our beetle strains were collected, was
grown in the region where we bought it. However, the small-scale agricultural system in
West Affrica and the fact that the cowpea was infested at the time of purchase makes it likely
that local producers were involved in selling and thus that the beetles collected in an area did
also originate from there.
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Comparison of beetle strains on cowpea varieties

Beans were handled daily during the experiments and eggs were counted within a day after
oviposition. These procedures may have had an effect on the number of offspring produced.
The eggs had not hatched at the time of handling so they were damaged, the embryo inside
would have died due to the experimental set-up (Nwanze and Horber, 1975) and not due to
unsuitability of the host for that particular beetle strain. However, the procedures were the
same for all treatments during the whole test period, so the damaging effect is supposed to
be equally severe for all eggs on all beans. If there was any effect of these procedures on the
outcome of the tests at all, it would have been advantageous for eggs on Kpodjiguegue
beans, since the eggs were better visible on the dark testa of this variety.

In the two-choice tests, we could not distinguish the beetles emerging from the two bean
varieties. Since the two bean varieties bearing eggs were incubated together in one petri
dish, the only proof of the number of beetles emerged from one variety was the hole they
lefi in the bean. The gender of the beetles emerging from the beans could only be
determined for the daily total of emerged beans, not for the separate bean varieties.

The size of the beetles used to infest the experimental units could influence their
performance. Heavier beetles live longer and have a higher fertility than lighter beetles
(Wilson, 1988). However, for the infestation of the experimental units, beans from the mass-
rearing containing beetles ready to emerge were kept separately until enough beetles had
emerged to infest all units. Infestation took place in random order. Thus, we presume that
the differences in heetle longevity on different bean varieties were not dependent on the
differences in size or age of the beetles at the time of infestation.

Emergence as smaller adults which have a shorter life span and produce fewer offspring
(Wilson, 1988) is one of the effects on larvae developing on a less suitable host. However,
these larvae could compensate for this drop in fitness by taking a longer time to develop and
thus to emerge at a larger size (Timms, 1998), We found that the development on
Kpodjiguegue took longer than on Californian blackeyed beans, but there was no difference
in fecundity. This might indicate that Kpodjiguegue is indeed a less snitable host, but not
unsuitable since the beetles were able to compensate for the drop in reproductive fitness,

In the two-choice experiment, the bean variety with the smooth testa was not preferred over
the rougher Californian blackeyed bean. This is contradictory to the findings of Oigiangbe
and Onigbinde (1996) who found that of nine cowpea varieties, the smooth skinned ones
were preferred over rougher varieties. Besides, because the attachment of the egg to the bean
surface would be facilitated, flat-cheeked seeds were preferred over rounder ones to oviposit
on. Most eggs deposited by C. maculatus are laid on the cheek of the seed and most larvae
develop in tunnels along the cheek (Ofuya, 1987). However, we found that the size of the
beans did not influence the choice behaviour. Moreover, the Kpodjiguegue beans usually
have a flatter cheek than the better-filled Californian blackeyed beans. For the Californian
blackeyed variety, it was even observed that the smoothest seeds, that are usually small,
were not preferred over rougher ones.
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The colour of the seed coat did not influence oviposition in a no-choice situation (Nwanze
and Horber, 1975). However, Chavan et al. (1997) found that when a choice was given to
the closely related beetle species Callosobruchus chinensis, darker coloured seeds were
preferred for oviposition over white seeds. In contrast, our results show a preference for
seeds with a light colour especially in a choice situation.

Differences in the length of the developmental period can be caused by differences in age of
the female parent, with eggs that are laid later in her life being less viable and taking a
longer period for their development than earlier eggs (Nwanze and Horber, 1975). However,
even in the two-choice test, eggs on Kpodjiguegue beans were laid by females of the same
age group as eggs on Californian blackeyed beans. Therefore, the bean variety itself must be
the cause of the longer developmental period.

The mass rearing in our laboratory is done on Californian blackeyed beans, but the Beninese
strains were collected from Kpodjiguegue beans. The Southern Beninese strain had only
been in the laboratory for a few generations before preliminary tests were done which had
results comparable to the ones obtained here. If there had been any effects of the rearing
pracedures or an adaptive preference for the Californian blackeyed beans, this would have
evolved within a maximum of two generations for the Southern Beninese strain,

The beetles of all strains preferred the Californian blackeyed beans if they were given the
choice. Even in a no-choice situation, the beetles do slightly better on Californian blackeyed
beans. These are a widely grown well-known variety. An additional advantage would be that
Californian blackeyed beans are readily available from reliable suppliers with a known
history of treatment. Since this varicty is the more susceptible of the two to Callosobruchus
maculatus damage, it would be the best variety to use for the evaluation of the effect of
insecticides.

Acknowledgements

The resecarch was sponsored by the Centre Béninois pour le Développement Durable.
Beninese project partners of the Faculté de Science Agronomique of the National University
of Benin are acknowledged for supplying Kpodjiguegue beans and for collecting the beetle
strains. The critical comments of A. van Huis and M. Dicke are highly appreciated.

18



Chapter 3

Toxicity and repellence of African plants traditionally used
for the protection of stored cowpea against Callosobruchus
maculatus

S.J. Boeke, LR Baumgart, J.J.A. van Loon, D.K. Kossou, A, van Huis, M., Dicke

Abstract

In search for botanical products to control the main insect pest of stored cowpea,
Callosobruchus maculatus, 33 traditionally used African plants were tested in the
laboratory for their toxic and repellent effects against this beetle. Toxicity was
evaluated measuring life history parameters in a no-choice situation. Powders of
Nicotiana tabacum, Tephrosia vogelii and Securidaca longepedunculata
significantly reduced the number of progeny. Repellence was evaluated observing
the behaviour of female beetles exposed to treated and untreated beans in a linear
olfactometer. Clausena anisata, Dracaena avborea, T. vogelii, Momordica
charantia and Blumea aurita were repellent to the beetle, whereas Chamaecrista
nigricans, Azadirachta indica and Hyptis suaveclens were attractive. Our results
indicate that botanical products may provide effective control of C. maculatus in
cowpea.

Key words: stored product pests, botanical insecticides, Vigna unguiculata,
Coleoptera, life-history

Introduction

Cowpea (Vigna unguiculata (L.) Walp.) is an important crop for many subsistence farmers
in tropical areas, especially in Africa. The green plant parts can be used as a vegetable or as
fodder for cattle, whereas the seeds, the cowpea beans contain a high level of proteins and
are used as human food (Phillips & McWatters, 1991).

In the field, the crop is susceptible to many pests {Singh et al., 1990a). The dry, ripe seeds
however, in the field or in storage are vulnerable to only few pests of which the cowpea
weevil, Callosobruchus maculatus Fabricius (Coleoptera: Bruchidae) is the most important
insect pest. Infestation by this beetle commences in the field (Prevett, 196!), but most
damage is done during storage. Over 90 % of the insect damage to cowpea seeds is caused
by C. maculatus (Caswell, 1981). Infestation may reach 100% within 3 to 5 months of
storage (Singh, 1977). The germination of the beans is negatively affected due to the
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beetles’ emergence holes (Baier & Webster, 1992). Damaged seeds loose weight and market
value and they are generally unacceptable for human consumption (Javaid & Poswal, 1995).

To protect the stored beans against C. maculatus, many methods can be used. Traditionally
the beans, if treated at all, are mixed or covered with materials that are available on the spot.
They can be mixed with ash, sand, or other dry fine substances that can fill-up the space
hetween the beans providing a barrier to insect movement (Golob & Webley, 1980). Fresh,
dry or processed plant materials can be applied as insecticides or to repel the pest insects.
These methods, in combination with a natural come and go of parasitoids, should keep the
beetle infestation as low as possible. Nowadays, methods such as storage in airtight plastic
or steel containers, application of chemical insecticides, gamma irradiation, freezing the
beans or heating them, are some of the additional possibilities. However, most of these
methods require high inputs, often unavailable and unaffordable for subsistence farmers. As
for ash and sand, the main disadvantage is that to be effective they have to be applied in
such large quantities that they are practical only for small amounts of beans (Wegmann,
1983). With the introduction of - often subsidised - chemical pesticides much of the
traditional knowledge of the use of plant materials as pesticides is perishing (Koné, 1993),
Moreover, the development of synthetic pesticides goes so fast that the spread of botanical
insecticides is interrupted (Delobel & Malonga, 1987). Meanwhile C. maculatus continues
to destroy stocks of beans that could feed hungry humans.

It is difficult to design chemicals which act specifically towards a given group of target
insects {(Wells er al, 1993). Besides hazardous effects on natural enemies, the limited
availability, dangers and costs associated with the use of synthetic insecticides and the
problems of resistance of the insect against these products make it necessary to reconsider
the potential of traditional methods which have stood the test of time (Golob & Webley,
1980). Another important advantage of wraditional methods such as the application of plant
materials over synthetic pesticides is that many of them are freely available at places where
cowpea grows. Plant products could offer a solution for the damage done by C. maculatus
and be non-damaging to non-target organisms including mammals and the beetle’s natural
enemies. The products are biodegradable and thus unlikely to have long-term hazardous
effects on the environment.

Plant powders can have a protective effect on the beans based on several mechanisms. Plant
material may produce odours that repel or confuse the adult beetle, which could prevent
invasion or cause emigration from the treated stock if the possibility is given. When adult
beetles leave the storage room before they can cause serious harm, insect damage will be
minimised. For other plants, certain secondary metabolites are toxic to adult insects or to
their eggs. Larvae and pupae of bruchid beetles are less sensitive to most crop protection
methods, because they are protected by the bean in which they develop. Combinations of
repellent and toxic effects are possible as well.
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Toxicity and repellence of plants against Callosobruchus maculatus

Many plants have been tested in laboratories for their toxic effects on storage beetles and
few of them were tested for their repellent effect. Comparison of results obtained under
laboratory conditions to the situation under actual storage conditions is problematic, but a
hierarchy for the potential efficacy of plants can be established. Unfortunately, the outcomes
of such tests are often contradictory to others and few authors have been able to recommend
a certain plant or an application method (reviewed in Part 1 of this thesis).

A survey has been carried out in Benin (West Africa) to establish which plants are/were
most often used in traditional storage practice for the protection of stored cowpea. For each
of the six provinces of Benin about five of the most frequently used plant species were
selected. These plants were tested in the laboratory for both their toxic and repellent effect
against C. maculatus. If these plants would prove to be effective, their adoption as measures
for crop protection by farmers would be easier as they were already used traditionally.

Material and methods

Beans

We used cowpea (Figna unguiculato) of the variety California Blackeye, a variety
susceptible to C. maculatus (Baker et al., 1989). The beans were stored in a freezer at -18°C
for a week and subsequently dried in a stove at 60°C for aboul a week to guarantee the
absence of viable insects without having to use chemicals. The beans were stored in airtight
plastic containers at room temperature before use. Only visually uninfested beans were used
for the experiments.

Insects

Callosobruchus maculatus was collected in the north of Benin on local varieties of cowpea.
The beetles were reared on cowpea (var. California Blackeye) in our laboratory for about a
year (+14 generations) prior to the experiments. The rearing was done in a climate chamber
at 30 + 1 °C with a twelve-hour photoperiod at ambient relative humidity {50-80%). For the
tests, newly emerged (1-1.5h) insects were used. For the repellence tests, female beetles
were used that had been kept for an hour with a surplus of newly emerged males and were
supposed to have mated.

Plant materials

Plants were collected and dried in Benin (West Africa) and Tanzania (East Africa) (see
Table 1). The climatic conditions in the provinces of Benin are as follows: Atacora, in the
Northwest and Borgou in the Northeast are in a Sahelien zone with one long rainy season.
Atlantique and OQuémé in the South together form the humid coastal area with two rainy
seasons, whereas Mono and Zou represent the centre of the couniry with a transition
between the former two climates. For some plant species that were among the most
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mentioned plants in more than one region, several samples were collected from different
origins. After transport to the Netherlands, the plant samples were stored in plastic bags in
the dark at 4 °C. Shortly before use, after warming vp until room temperature, the dry plant
material was powdered in a mortar. Powders were sieved through a 0.75-mm mesh before
application to the beans.

TESTS
All tests were done in a climate chamber at 30 £+ 2 °C with a 12-hour photoperiod at ambient
relative humidity (50 — 80 %). Untreated beans were used as controls for every experiment.

Toxicity

For toxicity tests, 40.0 g beans and 1.00 g of plant powder (i.e. 25 g/kg) were thoroughly
shaken in a 9-cm petri dish for two minutes. On these beans, two males and one female
beetle were released. For every plant species, we used five replicates.

After 24 hours, the number of eggs was counted. The adult beetles were observed daily, and
after their death, their life span in days was noted and the total amount of eggs was counted.
The petri dishes were incubated under standard conditions to allow the eggs to develop into
adults. Emerging F1 adults were counted, sexed and removed from the beans daily. Thus,
information was obtained on the lifetime fecundity of the females and on the survival of the
immature life stages of the beetle, Batches of two to five treatment sets (10-25 petri dishes)
were tested simultaneously with a set of five untreated dishes as a control. In total, 75
controls were investigated in 15 batches. The data for each controf set were compared to the
mean of all controls in an ANOVA test. If no differences were found for the control set, the
data from treatment sets tested simultancously in this batch were compared to the data of
other batches. If the control was statistically differenti, the data for the plants tested
simultaneously with this control were compared to this deviating control only and analysed
separately. To be able to always compare two samples of the same plant from different
regions, these were always tested simultaneously. Toxicity tests were repeated only three
times for the sample of Securidaca longepedunculata Borgou due to a lack of plant material.
Knowing that most of the beetle eggs are laid in the first halve of the female beetles’ life and
that the sex ratio of the emerging beetles is never different from 50:50 (Boeke, unpublished
results), the intrinsic rate of increase of the population per day, A, was calculated according
to Howes’ (1953) method as A = np exp(1/d+0.5*1). With n = the number of female eggs laid
(half the total number of eggs), p = the proportion of eggs that mature, d = the development
period in days and 1 = the oviposition period = (half the longevity of the female parent
beetle).
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Table 1: Names and origins of the plant maierials tested against Callosobruchus maculatus.

Scientific name Family Local name Plant part  Origin
Annona muricata L. Annonaceae Soursop Leaves Mono
Annona senegalensis Pers, Annonaceac Batoko / wild Leaves - Atacora
custardapple - Borgou
Azadirachta indica Juss Meliaceae Neem Leaves - Atlantique
- Zou
- Tanzania
Blumea aurita {L.F) DC Asteraceae Faux tabac Leaves Zou
Capsicum frutescens L. Solanaceae Pepper Fruits Zou
Carica papaya L. Caricaceae Papaya Leaves Zou
Chamaecrista nigricans * (Vahl) Leguminosas- Moutounditimou  Leaves Atacora
Greene Caesalpinioideae
Clausena anisata (Willd.} Hook ex Rutaceae Leaves Ouémé
f. Benth.
Combretum micranthum G. Don  Combretaceae Leaves Atlantique
Crateva religiosa Forster f. Capparacecac Boumbari / sacred Leaves Atacora
garlic pear
Cymbopogon citratus (DC. ex Poaceae Lemongrass Leaves Mono
Nees) Stapf
Dracaena arborea (Wild.) Link  Liliaceae Dragontree Leaves - Atlantique
- Mono
Ficus exasperata Vahl Moraceae Leaves Atlantique
Heliotropium indicum L. Boraginaceae  Indian heliotrope  Twigs & Ouémé
flowers
Hyptis spicigera Lam, Lamiaceae Tinan menati / Leaves & - Atacora
marubio flowers - Borgou
Hyptis suaveolens (L.) Poit. Lamiaceae Pignut Leaves & Ouémé
flowers
Thoza multiflora (Benth) E. A. Lamiaceae Omushunshu Leaves Tanzania
Bruse
Khaya senegalensis (Desr.) A, Meliaceae African mahogany Bark Borgou
Juss
Momordica charantia L. Cucurbitaceae  Bittergourd Leaves Mono
Moringa oleifera Lam. Moringaceae  Horse radishtree  Leaves Ouémé
Nicotiana tabacum L. Solanaceae Tobacco Leaves Tanzania
Ccimum basilicum L. Lamiacecae Sweet basil Twigs & Quémé
flowers
Opilia celtidifolia (Guil & Perr.)  Opiliaccae Flowers Borgou
Endl.
Pergularia daemia (Forsskal) Asclepiadaceae Pergularia Leaves Mono
Chiov.
Securidaca longepedunculata Polygalaceae  Violet tree Leaves - Atacora
Fresen - Borgou
Tagetes minuta L. Asteraceae Mexican marigold Leaves Tanzania
Tephrosia vogelii Hook f. Leguminosae- Vogel's tephrosia  Leaves Tanzania
Papilionoideac

# Synonym = Cassia nigricans

23



Chapter 3

75 ¢m

Figure 1; Olfactometer set-up. An individual female beetle was introduced in the
centre of the tube. Her position was recorded afler different periods since
introduction, Treated and control beans were positioned at either end of the tube.
For more information, see text.

Repellence

The repellent action of the plants was tested in an olfactometer (Figure 1), consisting of a
75-cm glass tube of 4 em in diameter, with a 29-mm hole in the middle. At cither end of the
tube, a small jar was placed containing either 2.0 g untreated beans or 2.0 g of beans mixed
with 0.010 g (i.e. 5 g/kg) plant powder. The hole in the middle was covered with gauze,
whereas the ends of the tube were closed by putting a plastic petri dish against them. Air
was gently (ca 1 m/s) sucked away from the centre of the tube to prevent the accumulation
of plant odour in the tube.

One freshly mated female beetie was released in the middle of the tube through the hole.
The beetles’ behaviour was continuously observed for the first hour and its position was
noted at least once an hour until 6 hours after the release. After 22 hours, the female was
removed and the eggs on the beans in the jar she had entered were counted. Since the beetles
did not move immediately and were not especially mobile during most of the experiment,
they could be observed simultaneously in separate tubes. All repellence tests were replicated
36-46 times during two or three days with a new beetle for every repetition. Plants were
tested in series, and in random order within one series. All plants were tested once before the
second series, Treatment and control sides were randomly assigned.

The beetles that made a choice were divided in three groups: a) the ones that entered one of
the jars containing the beans and thus had the possibility to lay eggs, b) the ones reaching an
end (the last five centimetres) of the tube and c) the ones having chosen a side of the tube
without reaching the end of that side of the tube. With time passing, more of the beetles
made a choice.

Statistics

Data for the toxicity experiment were analysed using a one-way ANOVA and a subsequent
Bonferroni post-hoc test. Data of the repellence experiment were analysed for their binomial
distribution assuming a 50:50 distribution as the null-hypothesis. To check if there was any

24




Toxicity and repellence of plants against Callosobruchus maculatus

effect of the day on which the experiments were done, for each treatment an R * C test of
independence (Sokal & Rohlf, 1995} was done on the data of the separate days. For the
numbers of eggs on beans in jars where a beetle had entered during the repellence
experiments, a Mann-Whitney U test was performed.

Results

Toxicity

The results of the toxicity tests are shown in Table 2. None of the control sets showed
differences with the mean of all controls concerning the number of eggs laid after 24 hours,
the longevity of the parent beetles, the total number of eggs laid or the total number of
beetles emerged. Beetles on beans treated with Capsicum frutescens, Tagetes minmita or
Tephrosia vogelii laid fewer eggs in the first 24 hour period than beetles on untreated beans.
The longevity of the parent beetles and the total number of eggs were reduced only by T.
vogelii. Compared to the controls, a smaller number of beetles emerged from beans treated
with, Securidaca longepedunculata Borgou or T. vogelii than from control beans. From the
beans treated with Nicotiana tabacum, not a single bectle emerged.

The percentage of eggs that did not develop into adults was higher for the controls of batch
A than for the controls of other batches. §. longepedunculata Borgou, T. vogelii and N.
tabacum caused higher percentages mortality of the developing stages of the beetle. For the
separately analysed batch (batch A), the percentage mortality of immature stages on beans
treated with Hyptis suaveolens, Clausena anisata and Moringa ofeifera was lower than in
the control set.

The intrinsic rate of increase of the insect population was equal for all control sets. The
value was significantly lower than on control beans for beetles developing on beans treated
with Annona senegalensis Atacora, N. tabacum, and T. vogelii.

Repellence

Once the beetles had entered a jar with beans at the end of either side of the tube, they did
not leave it before the end of the experiment, 22 hours after release. A day-effect (P < 0.05)
was found for Annona muricata, Annona senegualensis Borgou, Combretum micranthum,
Ficus exasperata, Blumea aurita and Securidaca longepedunculata Atacora. Since these
day-effects were never contradictory (repellent one day, attractive the other), and were
caused only by a change in the extent of the effect, they were not taken into account in
further analyses.

More eggs were laid on untreated control beans than on beans treated with Capsicum
frutescens, Clausena anisata, Moringa oleifera (P < 0.05) and Tephrosia vogelii (P < 0.01).
For Securidaca longepedunculata Atacora, more eggs were laid on the ireated beans than on
the control beans (P < 0.05).
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