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ABSTRACT

Laboratory trials were conducted at the Departnent of
Crop Protection, Institute for Agricultural Research, Ahmadu
Bell o University, Samaru- Zaria, to evaluate the efficacy of
various plant powders (Neem Seeds and Leaves, Garlic bul bs,
Orange peel s, African Qurry | eaves, Onion | eaves, African bush
tea | eaves, Lenon grass stempowders) and a conventi onal
insecticide, Actellic dust, for the control of cowea weevil,

Cal | osobruchus nmacul atus (Fab.).

Pl ant powders were applied at three concentrations: 2.5,
5.0, 10.Qg per 10Oy cowpea seed and actellic dust was applied
at 1.0, 2.0 and 3.y per |10y cowpea seed.

The criteria used for assessing the efficacy of these
products included, nortality at 24 hours, 48 hours and seven
days post treatnents; oviposition rates; progeny devel opnent
(F, F;, F3) , percentage cowea damage and wei ght | osses; seed
viability, grain quality and taste, after three nonths of
st or age.

The results showed that there was high nortality within
24 hours on cowpea treated with actellic dust at the highest
| evel (3.0g www) which had 100 percent adult weevil nortality.
African curry leaf powder (ACLP) at all three levels; Neem
seed powder (NSP), Eucalyptus leaf powder (ELP); and Garlic
Bul b powder (@BP) caused nore than 45 percent nortality of
bruchid at the highest level (10.0g ww) wthin the sane

peri od.
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The critical period of adult weevils activity after
energence is within 48 hours. During this period, however
sonme of the plant extracts (such as NSP, ACLP, GBP, ELP, Lenon
grass stempowder (LGSP) and Orange peel powder (CPP) recorded
between 55.0 and 98.34 percent adult weevil nortality at the
various treatnent levels as conpared with no deaths in the
control.

NSP achi eved 100 percent inhibition of F, at the highest
treatnent level (10.Qy ww) conpared with Actellic dust which
recorded less than 75 percent progeny inhibition at the
hi ghest level. Qher plant materials which had nore than 50
percent inhibition of progeny devel opnent at the highest
concentration included GBP, ELP, ACLP and NLP.

The percentage damage and weight |oss were |east on
cowpea treated with NSP at all treatnent |evels; followed by
actellic dust and ACLP at simlar levels. Actellic dust and
powders of NSP, ACLP, NLP and GBP, LGSP, ELP, ABTP (African
bush tea powder), OPP deterred ovipositon and Ilarva
devel opnent .

Seed viability and grain quality were largely unaffected
by the treatnents when conpared with the control. Generally,
in all the paraneters studied, these plant products and
Actellic dust showed better performances as their treatnent
| evel s increased, suggesting that higher doses should be used
(except for actellic dust) to establish the optinmm
concentration of powders that woul d be nore effective than the

ones used in the present trials.
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CHAPTER ONE

1.0 INTRODUCTION

Cowpea, Vigna unguiculata (L.) Walp (Leguminosae) is a

tropical, herbaceous annual, known by various names in
different parts of the world including the black-eye pea,
black-eyed bean, china pea, kaffir-pea and marble pea
(Purseglove, 1974). 1In Nigeria, its name is as varied as the
diverse ethnic groups inhabiting it. For instance, the crop
is known by the Hausas, Ibos and Yorubas as ‘Wake’, ‘Agwa’ and
‘Ewa’ respectively.

Cowpea is an important, cheap, protein source in the diet
of most people in the third world countries. In Nigeria,
cowpea is more relished than other grains and in the Western
part of the country alone, it constitutes up to 60 percent
protein uptake (Rachie and Rawal, 1976). The grain is
consumed in various forms either cooked as porridge or in
combination with rice, yam or it is ground and fried as cake
(akara) or steamed as "moi-moi". The green seeds and immature
pods are eaten fresh or may be frozen or canned, but are less
important in Africa because of shorter storage life. The dry
seeds are much more appreciated for their long storage life,
good nutritional properties (crude protein, 23-25%;
carbohydrate, 55-60%; fibre 3.9%; ash 3.6% and fat 1.3%),
relative ease of storage, and preparation for consumption.
The herbage is useful as green manure, cover crop and as

fodder (Harawa) when dry for dry season feeding of livestock



in the savanna region of Nigeria.

Cowpea 1is extensively grown in Brazil, India, the
Carribeans, South east Asia and the United States of America.
The major areas of production in West Africa include Nigeria,
Niger, Burkina Faso, Senegal and Sierra Leone. World
production of Cowpea is estimated at 2.50 million tonnes
cultivated on about 7.7 million hectares of land (Olufade,
1987). Africa and Nigeria produced 95% and 61% respectively
of world’s output (Rachie and Roberts, 1974), estimated at
about 800,000 tonnes (Raheja, 1986). The current output
figure for 1989/90 cropping season in Nigeria was about 1.4
million tonnes (Anonymous, 1990). The main production areas
include Bauchi, Borno, Jigawa, Kaduna, Kano, Katsina and
Sokoto States, all within the Guinea and Sudan savannas, north
of Latitude 10°N. However, some appreciable quantities are
also produced in the rain forest belts, particularly in the
South West. The bulk of cowpea is grown by small scale
farmers who sometimes interplant it with cereals such as
maize, millet or guinea corn. Average yield in peasant
holdings is about 200 kilogrammes per hectare (Ayedokun,
1988) and in commercial farms 700-1200 kilogrammes per
hectare. However, about 1.5-2.0 tonnes/ha in controlled
trials on farmers’ fields using improved technologies have
been achieved (IITA, 1984).

Cowpea yield is low because of several constraints of

which damage by numzrous pests and diseases, are the major
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ones. Almost all parts of the plant are attacked by various
insect pests and more than 85 insect species have been found
to cause damage to cowpea cultivated at the Institute for
Agricultural Research Farm in Samaru (Booker, 1965). Some of

these field pests include Maruca vitrata Fab., Thrips, Pod

sucking bugs, Aphids and Qotheca spp.
In storage, Cowpea is attacked by a number of insect
pests. Some of these are field to store pests, notably,

Callosobruchus maculatus (F.) and C. c¢hinensis (L.),

Bruchidius atrolineatus also causes tremendous damage to

ripening pods on the field but its attack fizzles out during

the early stages in the store (Booth, 1976). C. rhodesianus

(Pic) found in South Africa causes damage in localized areas
(Giga and Smith, 1987). In Nigeria, cowpea losses to beetles
have been estimated at 2.44 million tonnes for 1981/82 and
3.67 million tonnes in 1984/85 (Ivbijaro, 1983a).

In the past, control measures adopted by various
governments and research institutes were centred around
storage structures such as barns, granaries (Rumbus) and
silos. Thereafter, insecticides were introduced but these
sooner than later created such problems as pest resistance,
pest resurgence as well as environmental degradation (Saxena,
1987) resulting in world-wide call to minimize their usage and
to develop less hazardous pest control measures (Luna and
House, 1990). Fortunately, nature has offered us a profusion

of plants for use in crop protection. These plant materials
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have been used by small holder farmers in Nigeria to protect
stored products from insect pest damage for a long time.
Although, some of these plant species (neem, lemon grass,
citrus peels, chillies, Hyptis sp. etc) may have given some
measure of control against C. maculatus based on individual
material used, yet, no attempt has so far been made to
specifically screen and coordinate their efficacies in a
single experiment.

The objectives of this study include:-

2 S To evaluate the efficacy of powders obtained from these
plant species and compare them with each other and
against a known synthetic storage pesticide on the
mortality of C. maculatus.

ii To ascertain appropriate levels of plant powders required
for effective control of C. maculatus on stored cowpea.

IT JUSTIFICATION OF THE PRESENT STUDY
Increasing reports of food poisoning due to chemicals

employed to preserve some food items particularly during the

period of scarcity, coupled with current high cost of these
chemicals in Nigeria have made it expedient to search for
alternative but effective control measures for storage pests.

Between May and August, cowpea purchased from most markets

around Zaria are treated with kerosine, Aldrin dust or other

chemicals which are not strictly recommended for protection of
cowpea for consumption. The effect is that after cooking,

these chemicals impart objectionable odour and taste to the
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meal and may be remotely toxic to human beings.

The fact is that, the traders and farmers are aware of
the vital need to preserve their produce for the period of
scarcity but probably are ignorant of the damage they may
cause to mankind by using unauthorized chemicals for grain
storage. The use of natural plant products as bio-pesticides
to control pests of stored produce has become necessary as an
alternative to synthetic insecticides which though effective,
are expensive and may be toxic to mammals and cause pollution

to the environment.




CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 COWPEA
2.1.1. ORIGIN AND NUTRITIONAL IMPORTANCE

Cowpea, Vigna unguiculata (L) Walp (Fam:Leguminosae) is
speculated to have originated in Africa. Faris (1965), led by
evidence of the presence of wild progenitors of cowpea in West
and Central Africa suggested that the region was the nucleus
of cowpea domestication. In the West African sub-region,
Nigeria was postulated as centre of origin of cowpea because
of the existence and widespread distribution of different
varieties and wild-prototypes. Ezedinma (1961), stated that
by the nation~wide practices and prejudices associated with
the culture and utilization of the c¢rop in Nigeria, its
African centre of origin is not in doubt.

Cowpea is an important food source in Nigeria and the
third world countries because of its high protein content (23~
25%) . Mean per capita consumption of dry beans in Africa
{31.40kg) is higher than in the Latin America (13.30Kkg). Dry
bean consumption can be classified as low (13kg/yr. or
36g/day), medium (25kg/yr or 68g/day) and high (50kg/yr. or
137g\day) (Krista, et al. 1990). |

The nutritional importance of cowpea in the diet is
determined by the percentage of recommended dietary allowance
(RDA) for nutrients that are satisfied by beans of various

levels. Krista et al. (1990} reported that in countries where
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bean consumption is high, dry grains provide more than one-
half of the dietary protein and up to one-quarter of the
energy requirements. Olayide (1972) reported that a minimum
daily adult requirement of 58.91g available protein per head
per day is needed in Nigeria out of which, over 60 percent is
supplied by cowpea (Rachie and Rawal, 1976). Cowpea is also
an important source of iron and provides over 100 percent of
the RDA for this mineral. However, it is the storage life of
the dry seeds rather than their nutritional advantages that
makes the grains the most consumed bean product in developing
countries (Anon., 1968).

|
2.1.2. FACTORS AFFECTING COWPEA STORAGE IN NIGERIA
In the recent past, agricultural production efforts have
been directed primarily to increasihg crop yields through the
use of improved crop production technology without a
corresponding attention being focused on effective storage of
such crops. In effect, substantiali amounts of different

agricultural produce are lost yearly to storage insect pests.

The main factors affecting cowpea in storage include:-

i. HIGH MOISTURE CONTENT |
Cowpea seeds should be adequately dried in the sun or
mechanically dried before storage. Morris and Wood
(1956} reported that high moisture beans produced more

carbon dioxide and used more oxygen, indicating elevated
o
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cell metabolism. Cowpea below 10 percent seed moisture
content (M.C.) at 25°C could be stored for two years,
whereas storage above 13 percent M.C. at 25°C for six
months resulted in reduced ability to cook. In addition,
high moisture beans also darken more rapidly during
storage (Burr et al., 1968), whereas with lower M. C.,
there is less colour change (Morris and Wood, 1956).
POOR STORAGE FACILITIES
The condition of storage structures contributes immensely
in the preservation of cowpea grains. Poorly constructed
storage structures or those with cracks and leaking roofs
encourage insect pest build up and subsequent damage to
grains in the store.

MECHANICAL DAMAGE DURING HARVESTi

Cracked or damaged cowpea grains ;re readily a veritable
source of insect pest infestation during storage, and do
not store well due to the exposure of the seed endosperm
to pests.

TRANSIT PROBLEMS i

Cowpea losses during transportation due to pest attack is
of economic importance in Nigeria. Storage methods
adopted by many local farmers during transportation to
distant markets are inadequate. A considerable guantity
of cowpea grains are transported from the major
production centres in the north of Nigeria to the

southern markets by rail or road throughout the year. It
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has been reported that about 50% of the grains arriving in the

South may be damaged by beetles (Anon. 1962).

2:2:0 INSECT PESTS AND DAMAGE LOSSES IN THE STORE

About 15 percent of world’s total crop is lost during
cultivation as a result of insect pest attack and a further 20
percent is lost during post-harvest storage, with losses in
tropical countries being greater than the world average (Hill
and Waller, 1990).

Cornes (1964), reported that over 200 species of insects
are found on different crops stored in Nigeria. Losses in
stored cereals in northern Nigeria alone range from 4-10
percent due to storage pests out of 3.8 million tonnes of
sorghum, 1.8 million tonnes of millet and 320,000 tonnes of
maize produced (Adesiyun, 1973). This represents an annual
loss of about 200,000 tonnes of dgrains worth about five
million naira.

Cowpea is lost to many pests both in the field and during
storage, hence, its potential yield is seldom achieved.
Raheja (1976) estimated yield losses in cowpea plots of above
80 percent in Nigeria. In storage, C. maculatus (F). has been
found to be the major insect pest of cowpea (Southgate et al,
1957; Bottimer, 1968; Taylor, 1970).

Up to 37 percent holed beans in the northern Nigeria have
been reported and a total loss estimated at about 24,000

tonnes per annum have been recorded in Nigeria (Caswell,
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1968). Damage is confined to the .larval stage and one
individual larva could cause a three %0 five percent weight
loss in a cowpea seed (Booker, 1967). Seed germination was
also adversely affected when three or more bruchid fed in a

seed (Ofuya, 1987}).

2.2.1 Taxonomy and Morphology of Ccallosobruchus maculatus

{Fab.) (Coleoptera:Bruchidae). |

Callosgbruchus maculatus is a major field-to-store pest

of cowpea in the tropicgs and sub-tropics (Southgate et al.
1957, Bottimer, 1968; Taylor, 1970). The insect has been
known by the following synonyms in the past:-

Bruchus maculatus F. 1775

B. guadrimaculatus F. 1792

B. ornatus Boh., 1829
B. vicinus Gylh.; 1833
B. ambiguus Gylh., 1839

B. sinuwatus Fhs., 1839

C. maculatus (Fab) Brid. 1929

(Southgate et al. 1957 and Bottimer, 1968}.

|
The inéect is a small beetle about 2.5 to 5.5 mm long,
and has a pair of parallel ridges on the ventral side of each
hind femur which bears a tooth near the apical end. The
compact body 1is covered with short hairs while the elytra
cover the whole abdomen except the last abdominal tergum

(pygidium) . The antennae are serrated and the eyes strongly
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emerginated along the inner edge where the antennae are
inserted. The males are brown and females are darker with
black and white marks on the elytra. C. maculatus is a more
elongate species than €. chinensis with the posterior part of
the abdomen not covered by the elytra, and it is more

definitely spotted (Hill and Waller, 1990).

2.2.2 LIFE CYCLE

The bean weevil, Callosobruchus maculatus completes its

life c¢cycle Dbetween 20 and 30 days depending on the
temperature, relative humidity and nature of the sub-stratum
of its host (William, 1980). |

For instance, one cycle 1is completed between 18-21 days at
20°C=27°C; 25-27 days at 33°C and 30-35 days at 19°C-24°C. Each

female lays up to 100 eggs singly (Dobie et al., 1984). On

average, one cycle is completed monthly under favourable
conditions with 4-5 larval instars found inside the seeds
{(Booker, 1967; Tun, 1979). The adult weevil is short-lived
(between 7 and 14 days but usually up to 12 days under optimum
conditions) and they do not feed at all but continue to lay
eggs. |

The eggs are small, whitish, dome-shaped with oval, flat
lbases and are glued to the surface of the host which may be
smooth or rough. The eggs hatch in six days into the first
instar larvae, with pronounced appendages and spined thoracic

plates which are used for seed penetration. Caswell (1960)



12
reported that, during hatching the scarakaeiform larvae bite
through the bases of the eggs to the gesta and cotyledons of
the seed within three days after oviposition and the first and
second larval stages take about seven days. However, Tun
(1979) observed a slight variation in the developmental
periods of C. maculatus from egg to pre-emergence of the adult
and concluded that egg incubation takes between 3~-5 days,
first and second larval instars 3-9 days; while the third and
fourth larval instars take 1-3 days. |

The larvae are partly or wholly apodous, blind and
whitish-yellow in colour. As development progresses inside
the seed kernel, the larva makes a chamber separated from the
outside by the seed coat from which the adult weevil forces
its way out, leaving a characteristic round hole usually found
on seeds. After 7-12 days (in some cases 20 days) in the
seed, the larvae pupate just under the testa. The pupa is
exarate. Emergence takes approximately 4 to 5 weeks and about
6-7 generations may occur in a year (Hill and Waller, 1990).

Seed size and compactness affect the rate of bruchid
development. Large seeded varieties are more susceptible to
oviposition due to their larger surface area which also, offer
more nutrients and ensure larger number of developing adult
progeny than small seeded ones {Booker, 1967; Nwanze and
Horber, 1975). The developing female requires more food than

the male counterpart. Credland and Dick (1987) established a

positive relationship between the amount of food available to
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each developing larvae and the mean weight of adults emerging
from the seeds, as well as the size of the adult weevil.

Other factors influencing the length of develcpmental
period and the time of emergence of C. maculatus from the
infested seeds include seed resistance, An extension of
developmental period of C. maculatus in the resistant cowpea
varieties conmpared to the susceptible varieties has been
observed (El-Sawaf 1956). On susceptible cowpea varieties,
adult emergence starts within 22 days at 27°C (Redden, 1983}.
For resistant cowpea varieties, both the initiation emergence
and the time to peak adult emergence was found to be 5-10 days
{Redden, 1983). |

C. maculatus exhibits a phased dimorphism, with two
distinct forms of adults of each sex differing not only in
morphology but also in physiology, chemical composition of the
body, behaviour and response to environmental factors (Osuiji,
1985). The two adult forms are the flight or distributive
(Active) form and the non-flight form (Utida 1954). The
"active™ (flight) form 1is strongly marked with a white
pygidium, flies readily, lives longer and the female lays
fewer egygs which may not be viable (Southgate et al., 1957;
Caswell, 1960). The "active" males and females usually live
for more than one month; their flights occurring through the
24 hour cycle with peak flight activity Jjust before dusk
(Taylor and Agbaje, 1974). Temperature is the most important

|
factor influencing flight activity. |
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Studies conducted on mature cowpea in the field indicated
that the ’‘active’ females were more abundant than the normal
(non flight) females, and constitute between 26 and 71 percent
of all adults on early and late crops, respectively (Taylor,
1970). Taylor and Aludo (1974) also reported that "active"
females were more abundant (1.5 times) than the normal females
for the early season crop and 4.5-5.0 times more than the
normal females for the late season crop. Factors influencing
the production of ‘active’ forms include:- larval crowding
(Utida 1954, 1965; Sano 1967; Caswell 1960; Taylor 1974;
Taylor and Agbaje 1974), high temperature (Sano, 1967; Taylor
and Agbaje 1974; Utida, 1954; Tun, 1979), low moisture content
of the seeds (Caswell, 1960; Utida, 1969) and continuous
darkness/light (Taylor and Agbaje, 1974), the latter factor
apparently not convincing. Genetic factors may also play an
important role in the production of "active" forms (Caswell,
1960; Utida, 1972).

Reports indicate that significant physiological and
reproductive differences exist between the ‘active’ and normal
forms in both males and females (Caswell, 1960; Utida, 1965;
1968; 1972). The two forms differ in their body weight, water
content and the quantity/nature of their fats (Utida and
Takahashi, 1958). Tun (1979) dissected the "active" and
"normal" forms of females and males of C. maculatus just after
emergence and observed that the normal females have two well

developed ovaries with some eggs in the calyx while the males
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have well developed testes. However, the reproductive systens
of Mactive" males and females were found to be under-
developed. : |

This phenomencn of ‘active’ form facilitates the species’
dispersal as the population builds up during storage (Taylor
1974). The build up of bruchid population in the store and
its ability to fly readily and live longer facilitate the
dispersal of the insect (Utida, 1972) to other fields and

storage sites (Taylor and Agbaje 1974; Taylor and Aludo,

1974) .

2.3.0 CONTROT, OF C. MACULATUS IN STORAGE

C. maculatus is controlled effectively in the store using

the following methods: -

2.3.1 CHEMICAL CONTROL

A nunmber of insecticides have been found to be effective
against cowpea weevils, €. maculatus in storage (Booth, 1976;
Howe, 1978; Egwuatu, 1987). Some of these insecticides
include, among others fumigants: (Aluninium phosphide
(phostoxin}; carbon tetrachloride; methyl bromide, ethylene
dibromide); dusts (malathion, permethrin or pirimiphos-methyl,
iodofenphos), lindane (Gamma-HCH), and DDT). These
insecticides used in the control of insect pests of stored
products should be toxic to the insects at very low doses and

should also have low mammalian toxicity. A dose of 2000 mg/kg
|
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body weight or above for acute oral toxicity to rat is

considered desirable (Handmarsh et al., 1978).

Fumigation of stored products has been found to be
effective against pest damage. Fumigants are effective in
controlling the eggs and larvae inside the seed, and adult
insects without any residue (Abivardi, 1977; Singh and Jackai,
1985). Aluminium phosphide at the rate of 4 tablets per tonne
of cowpea grains stored for 15 months in silos was very
effective in eradicating C., maculatus (Caswell, 1980). Tun
(1979), reported that Aluminium phosphide when used in plastic
bags to store grains has adeqguate persistence.

Methyl - bromide and carbon tetra chloride have also been
used to control pests of cowpea in storage. Bastos and Aguiar
(1971) and Bastos (1974), reported the effectiveness of methyl
-bromide when applied to cowpea seeds 5-6 days, 10-11 and 2-21
days after C. maculatus have laid their eggs on the seeds.
Kranz et al. (1977) found a mixture of carbon tetra-chloride
and ethylene dichloride at 1:3 ratio to be effective against
€. maculatus 1in silos. However, the use of carbon
tetrachloride as a fumigant in food storage has been banned
world-wide due to its carcinogenic effects on man.

Pirimiphos-methyl has been widely used in the control of
insect pests of stored products. Taylor and Evans (1280)
reported that application of diluted formulation of
pirimiphos-methyl and permethrin at the rate of between 2.5

and 10.0 wmg/kg of pigeon peas, and haricot beans controlled
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adult ¢. chinensis effectively. Caswell and Akibu (1980)
found that cowpea seeds treated with pirimiphos-methyl at a
concentration of 15 parts per million (ppm) were protected for
12 months against C. maculatus. Similarly, Tun (1979)
observed that cowpea seeds dressed with pirimiphos-methyl
emulsion were also protected from latent infestation due to
the bruchids. Sowunmi and Fetuga (1982) reported a sharp
degradation of residue of pirimiphos-methyl applied to cowpea
grains within the first three months of application and
further degradation to about half life-span by the end of the
sixth month and fairly constant up to the 12th month of
storage. This was attributed to the hot humid conditions of
the tropics which require higher initial deposits for

protection against insect infestation]

1]

Malathion dust also has been observed to be effective
against bruchids in stored cowpea (Chipeta and Roberts, 1974).
Rahman and Yadav (1985) reported the efficacy of delta-methrin
dust at 3 ppm concentration which retarded the development of
eggs, larvae and pupae of C. maculatus and €. chinensis in
stored cowpea for six months and posited that the dust
formulation was superior in terms of toxicity than the
solution. Earlier, DDT and malathion dusts were found (Yadav,
1973} to be highly efficacious on treated seeds of chick pea,
pigeon pea, green gram, black-gram, lentil and grass pea
against the pulse beetles, but at a higher dose of 40 ppn.

However, lindane and carbaryl, even at 50 ppm were less
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effective 1in controlling the pulse beetles, due to the
development of resistance by the gests, which has been
reported world-wide (Dyte and Blackman, 1970).

Some plant compounds, for example, 2,5-Dihydroxymethyl-3,
4-dihydroxy-pyrrolidine (DMDP) and an analogue of B-fructs-
Furanose, have been reported to be toxic to the larvae of

cowpea beetle when incorporated inte an artificial diet at

more than 0.03 percent level (Evans et al., 1985).

2.3.2 USE OF PLANT MATERIALS.

Plant products have been used for many years (Jacobson,
1958; 1975} amongst the peasant farmers to control insect
pests of stored produce but their importance was initially
limited and over lcoked. Many of these plant species with
repellent, antifeedant and insecticidal properties have been
recognized long before the industrial revolutions of the
1220's and 1940's. However, only a few products such as
nicotine, rotenone and pyrethrum were used to some extent to
control storage pests and in green houses (Schmutterer, 1981).

Nicotine from tobacco plant, Nicotiana tabacum and N, rustica

was first used as an insecticide in 1963 (Matsumura, 1975).
Rotenone, a poisonous insecticide is derived from some

leguminous plants such as Derris elliptica from Malaysia; D.

malaccensis from East India and Lonchocarpus utilis and L.

uruca from South America (Matsumura, 1975). Pyrethrin, the

world’s foremost natural insecticide, is extracted from dried
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flowers of Chrysanthemum cinerariofolium. Olaifa et al.,

(1987) reported that pyrethrin and its synthetic counterpart
pyrethroid, possess a unique combination of useful properties
such as safety, flushing action, fast knock down, repellency,
bio-degradability, broad spectrum of activity and minimal
ability to induce insect resistance which have made them the
most widely used all round domestic insecticides available
today. |

Various spices have been found to be effective in

controlling storage insect pests of crops. For instance,

black pepper, Piper nigrum {(L.), a source of piperine which

has insecticidal properties was reported to be effective in
controlling rice weevils (Su, 1977}. Similarly, Piper
gquineense was found to ke potent in controlling cowpea
bruchid, €. maculatus (lvbijaro and Agbaje, 1986; Olaifa and
Erhun, 1988). Reports on Capsicum spp, a safe and promising
source of naturally occurring insecticide for the control of
stored produce pests have been documented (Nezan, 1983;
Mejule, 1974; lvbijaro and Agbaje, 1986). Alternate stacking
of bags of pepper and cowpea 1s said to reduce infestation of
C. maculatus (E.O.R. Agbakwuru, 1995 personal communication).

Various types of vegetable and essential cils of plants

such as groundnut, palm, c¢oconut; Eucalyptus, neem, olive,

garlic, African nutmeg, Dennetia tripetala G. Baker and others
have been investigated for their efficacies against stored

insect pests of crops. Ishaya (1989) reported that groundnut
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and palm oils at the rate of 25-30 ml/Kg cowpea seed provided
a high level of control lasting for up to five weeks against
attack of the cowpea bruchid, C. maculatus; but viability was
affected. Similarly, Mital, (1971), found oil treated cowpea
unattacked by weevils but reported thaé such seeds lost their
viability. Fresh or refined palm o0il achieved conplete
control of C. maculatus on cowpea stored for seven weeks at
the rate of é6ml/kg seed (Nezan, 1983; Ajayi et al., 1987);
while groundnut oil treated cowpea at 5-10ml/kg seed gave good
protection of seeds beyond six months (IITA, 19895).

The insecticidal effect of plant oils in controlling
insect pests is believed to be in its ability to block oxygen
supply to the embryo, thereby preventing emergence of progeny
rather than affecting oviposition or mortality of the adult
weevil (Singh et al. 1972). However, ovicidal activity of
some oills have been reported against stored insect pests (Don-
Pedro, 1989). The insecticidal activity of vegetable ocils was
determined by the triglyceride component while for fatty
acids, the main determinant is oleic acid (Schoonhoven and
Hill, 1981).

2.3.3 NEEM PRODUCTS

Neem tree, Azadirachta indica A. Juss also known as Melia

azadirachta (L.}, (Meliaceae) is native to India and Burma but

has now spread to other countries in Asia (including Pakistan,
SriLanka, Thailand and Africa (Ghana, Nigeria, Kenya etc.)

{Schmutterer, 1981 and Siddig 1981). In Nigeria, neem was
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first introduced in 1928 (probably from Ghana) where it was
successfully established, 1in the o01d Bornu province.
Seedlings from the first plantation were replanted in Sokoto,
Katsina and Kano provinces in the 1930s with considerable
success., The tree is drought resistant (Radwanski, 1931),
evergreen, dJrows rapidly and produces numerocus yellow or
greenish-yellow fruits within five years and can grow to a
height of up to 30 meters and 2.5 meters in girth
{Schmutterer, 1981). |
2.3.3.1 ECONOMIC IMPORTANCE OF NEEM TREE

Almost every part of the tree (roots, trunks, barks,
leaves, flowers, fruits and seeds) have been used in various
ways. For instance, the bark, root and leaves are popular
amongst traditionalists for treatment of fever. 0il from the
seed is used for socap making in India for treatment against
skKin infection. The seed cake is used for animal feeding and
manure (Ketkar, 1976}. In Nigeria, the tree has now become
the bedrock of shelter-belts throughout the northern region
and can be found along road sides and in village farms
(Schmutterer, 1990). The leaf droppings provide manure and
this helps in improving the fertility of poor soils
(Radwanski, 1981). |
2.3.3.2 CHEMICAL CONSTITUENTS AND INSECTICIDAL ACTIVITIES

Initial studies on the insecticidal properties of neem
and their effects on insect species showed that the major

compounds belong to a general class of natural products called
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"Triterpenes"” or "Limonoids", which have insect-repellent,
insecticidal, anti-hormonal or anLi-feedant. activities
(Meinwald, et al. 1978}. At least nine neem "Limonoids"
{(Warthen 1979) have demonstrated an ability to block insect
growth, affecting a range of species in Agriculture and human
health. Amongst the best known "Limonoids" are Azadirachtin,
Salannin, Meliatriocl and Nimbin (Vietmeyer, 1992).

The most potent of the triterpenoids 1is azadirachtin
(Kraus et al., 1981) whose chemical structure was analysed by
Zanno et al. (1975) and modified by Morgan (1981). Morgan
(1981) reported that these compounds are concentrated mainly
in the seeds, leaves, bark and the wood in that order, but the
sequence may vary accordingly due to geographical locaticen,
method of seeds preparation, storage conditions, and
extraction procedures (Schoonhoven, 1981). The selective

activity of neem products against many pest species have been

reviewed (Pradhan and Jotwani, 1968; Meisnher et al.; 1981;

Abdulkareem, 1981; Ladd, 1981; Redknap, 1981; Adhikary, 1981;
Siddiq, 1981; Jacobson, 1986). Its mode of action is to repel
and disrupt insect growth and reproduction (Schmutterer et
al., 1982; Schmutterer and Ascher, 1984). Pradhan (1962)
reported that suspension of neem kernels in water was sprayed
on different crops in New Delhi, and that although, locusts
landed on the plants, yet, they did not eat anything,
sometimes for up to three weeks after the treatment.

Neem’s insect growth regulating (IGR) effects have also
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been reported. In England, Ruscoe (1972) tested azadirachtin
on insect pests such as cabbage white butterfly (Pieris
brassicae L.) and cotton stainer (Dysdercus faciatus L.) and
noted IGR effects in each case. Azadirachtin, salannin and
nimbin all have similar basic "Limonoid" structure. Insect
ingesting traces of these compounds are deeply affected
because these "hormone mimics" block the parts of the brain
that produce the hormones necessary for growth and
development. These deep-seated hormonal effects are the
reason for neem’s subtle, powerful and yet insect specific
influences (Vietmeyer, 1992)}.

Goleb and Webley (1980) and Jacobs;n (1983) have reviewed
the traditional use of some plant materials as protectants of
stored products and concluded that neem products were by far
the most widely used. Neem products in use include; oil,
cake, kernel, leaf, bark extracts, purified fractions and
their formulations. Pruthi (1937) showed the efficacy of neen
leaves and cakes as being effective repellents against pests
of stored wheat. Fry (1938}, reported the repellent action of
neem leaves mixed with cocoa beans against the Almond moth

(Cadra cautella Walker). Jilani and Malik (1973) reported

that water and ethanol extracts of leaves and seeds of neem

repelled the red rlour beetles, Tribolium castaneum Herbst;

the khapra beetles, Trogoderma granarium Everts; and the

lesser grain borer, Rhizopertha dominica Fab. Prakash et al.

(1980) found that smoke denerated by burning neem leaves
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repelled grain moths from ware-houses. Neem leaves or seed
powder mixed with stored maize have been confirmed to

effectively reduce progeny production of Sitophilus oryzae by

disrupting the larval development and adult fecundity (Pereira

|
and Weohlgemith, 1982). I

|

Jotwani and Scirca (1965) reportéd the efficacy of neem
seed powder mixed with wheat grain at 1-2% and concluded that
it protected the grain against S. oryzae, R. dominica, and T.
granarium for about 9, 11, and 13 months respectively.
Similarly, neem seed powder protected Mungbean, Bengal gram,
cowpea and peas against C. maculatus feeding for about 8-11
monthse (Jotwani and Scircar, 1967). Dried neem seed when
ground and mixed with maize protected the grains for six
months against storage rice weevil, S. oryzae. Oviposition
was markedly reduced at low dose and post-embryonic
development was completely halted at all doses (Ivbijaro,
1983b). In addition, mortality of adult weevils reached 100%
within five days. Four months, thereafter, fresh weevils
placed on stored treated maize failed to lay eggs at a dose of
2.5g neem seed and 76% of them died within 10 days. Ivbijaro
{1983a), stated that with one gram of neem seed, progeny
emergence was delayed for six months and the number of
emerging weevils was severely reduced, and the viability of
treated grains was not affected and no mouldiness or shrinkage

was noticed. Saxena (1987) reported that even after 12 months

there was no progeny produced when €. maculatus and C.
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chinensis L. adults were released in lentil seed - treated
with neem seed kernel powder. Similarly, no bruchid damage
occurred up to 12 months when 2% neem seed Kernel powder was
nixed in gram and pigeon pea seed (wt/wt). Seed protection
was attributed to inhibition of oviposition of the bruchids.

Sowunmi and Akinnusi (1983) reported that 1.0 and 2.0
percent neem seed kernel powder treatments provided effective
preservation of cowpea stored for eight months against C.
maculatus while 0.5% admixture was effective for up to four
months after which considerable grain damage was revealed. 1In
a similar trial, admixture of dry neem seed kernel powder at
the rates of 1.0 - 4.0g per 20g of cowpea seeds gave
protection from damage by the bruchids, . maculatus for more
than four months (Ivbijaro 1983a). He concluded that adult C.
maculatus survival was not affected by the treatments but
significantly reduced fecundity, prolonged the pre-imaginal
developmental period. Treated seeds were 82% viable, while
the texture, colour and overall attractiveness remained
unaffected. |

On the efficacy of neem seed o0il, to protect stored
products from damage, it was found that the o0il protected
cowpea grains from bruchids attack for at least six months
regardless o©of whether the beans were infested before
treatment or not. Pereira (1983) reported that neem seed
kernel oil at the rate of 8.0ml ©0il/kg of cowpea seeds reduced

the rate of oviposition in addition to its ovicidal activity
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and gave a good protection for up to three months against C.
maculatus. Ketkar (1976) reported that application of 20% of
neem seed oll to Bengal gram (vol/wt) protected it from damage

by Callosobruchus spp., for six months and the impregnation of

bags with neem oil at 1.0g/m’ significantly reduced the
population of R. dominica. Naik and Dumbre (1984) found that
neem seed o0il treatments prevented adult emergence and
prolonged the development of ., maculatus from egg to adult
stage. A progressive decrease in the number of eggs laid with
increase in the o0il dosage was also noticed. Similarly, Das
(1987) reported that neem seed o0il at the rates of 8.0 and
10.0ml oil/kg of cowpea seeds effected high egg and grub
mortality when compared with the contrel, thereby confirming
its ovicidal and larvicidal actions. Babu et al. (1989) found
that seeds treated with neem seed oil appeared to repel the
ovipositing females of C. chinensis as the introduced adults
survived without oviposition.

The efficacies of neem extracts received the approval of the
United States Environmental Protection Agency for a commercial
neem based insecticide for certain non-food uses called
Margosan-~0(R) . Henkel (1987) reported that there is a need
to duplicate active ingredients of neem in the laboratory to
produce a synthetic neem insecticide.%

2.3.4: EUCALYPTUS PRODUCTS i

The Eucalyptus spp (Myrtaceae) occur naturally in North

Australia, New Guinea, Indonesia and was recently introduced
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to Africa. In Nigeria, the trees were first introduced to the
northern part as far back as 1916 when they were formerly
planted as barefoot transplant and in 1958 seedlings were
raised in polythene pots (Arnborg, 1982). Three species of

Fucalyptus have been found to perform well in northern

Nigeria including E. camaldulensis, E. citriodora and E.

tereticornis (Dr. A.B.I, Igbcanugo, 1993, personal

communication). Each species of the tree presents a
characteristic form which enables it to be recognized at a
distance. For instance, some species have long bare-limbs
with tufts of fine, feathery leaves aé the ends; others have

short stubby kranches and dense, round crowns. Average height

of Eucalyptus ranges from 10.0 to 20.0 nmetres. In Afaka,

Kaduna State, the growth rate for E. camaldulensis is reported

to be about 2.5 metres to 3.5 meters per annum in height, and
18-35 millimeters/annum in dianmeter. |

The tree is deep-rooted and performs well in difficult
sites, even where there is water stress. It is adaptable from
sandy to heavy soils; is drought and frost resistant, slightly
salt - tolerant, and able to withstand periodic inundation.
(Arnborg 1982). |
2.3.4.1 ECONOMIC IMPORTANCE OF EUCALYPTUS

Eucalyptus tree is used in shelter belt establishments to
serve as shade and wind breaks. The tree is also used in high
way planting as ornamentals, timber, firewood, electric poles,

pulp-wood or as a lawn tree (Kelly, 196%9}. The leaves have a
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camphoraceous odour and is a source of essential volatile

oils. The oil for commerce can be grouped for convenience
into three c¢lasses, medicinal, industrial and perfumery
according to their specific uses. Perfumery oils account for
a very small fraction of the total production while medicinal
and 1industrial o0ils are distilled in roughly equal
proportions. The o0ils used for medicinal purposes contain a
maximunm of 70% of cineol which is the active therapeutic agent
for inhalants, embrocations, sovaps, gangles, sprays and
lozenges (Penfold and Willis, 1961). The o0il ig also used in
antiseptic applications as disinfectants and germicides for
sheep dips or as deodorants and a source of piperitone from
which thymol and menthol are manufactured (Anon, 195%).
2.3.4.2 CHEMICAL CONSTITUENTS AND INSECTICIDAL PROPERTIES

The o0il of different species of Eucalyptus varies in

their contents of active principles and volume of oil yield.

For instance, E. radiata (var. australiana) leaves yield about

three to five percent o0il which contains mainly cineol and
terpinol useful as medicine, disinfectant and floatation for
metals (Kelly 1969). Similarly, lemon scented leaves of E.
citriodora contain about 0.8 to 1.0 percent oil mainly
citronellol; while E. dives leaves contain between 3.0 and 4.5
percent oil usually piperitone and phellandrene, the latter is
used as a solvent. The o0il also contains other volatile
aldehyde csuch as cumminal, phenol! and others (Kelly, 1969).

In Nigeria, Zainab (1986) obtained different percentages
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of oil from the three main Eucalyptus species grown, E.

citriodora (1.9-3.0 percent); E. tereticornis (0.2 - 1.9%), E.

camaldulensis (0.35-1.2%). However, the 0il contents depend

on a number of factors such as: the age of the leaves, storage
of samples and season, time between storage and processing for

oil (Zainab, 1986). |

In the dry season, fresh leaves of E. citriodora yield
more ©il than the corresponding dried leaves. The dried

leaves of both E. tereticornis and E. camaldulengis gave

higher o0il yields than the fresh leaves. However, the dried
leaves of the three species had a higher oil yield than the
corresponding fresh leaves during the rainy season (Zainab,
1986). In contrast, Penfold and Willis (1961) reported that
the young leaves yield higher amounts of o©il than the older
leaves. Changes occur in oil content or composition between
removal from the tree and distillation in a far away
laboratory. Similarly, "sweating® which occurs if the leaves
are tightly packed results in drastic changes in o0il yield and
composition. Hence, spreading the leaves loosely to prevent
"sweating" is recommended (Penfold and Willis 1961). Bruno et
al. (1966) reported that partial drying and withering at room
temperature have been responsible for loss of citronellal
(citral). The rate of evaporation of the wvolatile oil is
increased when fresh leaves are tightly packed in polythene
bags (Guenther, 1964).

Work on the use of FRFucalyptus products have been
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concentrated on its volatile oils used in industry, medicine
and perfumery. Scanty literature is available in Nigeria on
the use of Eucalyptus products in insecticidal preparations
for control of C. maculatus. However, Dike and Mshelia (1996)
reported that Eucalyptus leaf powder significantly (P<0.05)
caused high mortality of €. maculatus at 20, 10 and 5 g/100g
cowpea seed and inhibited oviposition and progeny development
of the insect at 10 and 20g/100g cowpea seed. They concluded
that cowpea seeds protected by Bucalyptus leaf powder suffered

less damage than those protected by Eucalyptus stem powder.

Srivastava et al.; (1988) reported that the oil of E. globulus

at 0.4 percent concentration could be used for the control of

C. chinensis on Cajanus cajan L. (Pigeon pea). More research
is needed to explore and exploit the rich repellent and

antifeedant properties of the Eucalyptus products as grain

protectants during storage.

2.3.5 LEMON GRASS PRODUCTS |

The lemon grass, Cymbopogon citraﬁUS Staph (Gramineae} is
widely distributed in Asia, South America and Africa. Two
species of the plant are common in the tropics namely: C.
flexuosus and €. c¢itratus. The plant grows up to 1.0 meter
tall in a bunch and its leaves are spear shaped with a pointed
tip. The roots are rhizomatous and as aromatic as the leaves.

|
2.3.5.1 ECONOMIC IMPORTANCE OF LEMON GRASS

Lemon grass has been used for various purposes such as
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beverage, flavouring agent, herb for the treatment of malaria
and its o0il 1is one of the world’s best known source of
essential 0ils and accounts for its most important use. The
0il is a pale sherry colour with fragrant lemon-1like odour
used in perfumery and cosmetic indust}ies. Lemon grass is
also used as an ornamental plant in the beautification of
lawns, homes and offices. Its use for livestock feeding is

|
not popular in Nigeria. However, Arc{ander (1960) reported
that in some tropical countries, lemon grass is produced for

cattle grazing where food is scarce.

2.3.3.2., CHEMICAL CONSTITUENTS AND INSECTICIDAL PROPERTIES OF
LEMON GRASS i
Lemon grass o©il contains 80% citral, citronellal,
geraniol, methyl-heptanone, n-decyl-aldehyde and probably
linaleol (Poucher, 1974) all active ingredients of which are
used in the manufacture of insecticides. The citral component
can be produced into essential vitamins particularly vitamins
A and B (Robins, 1983). |
Lemon grass ©ill and smoke have been used effectively to
repel mosquitoes and houseflies. Tiwari et al. (1966)
reported that lemon dgrass extract used as a fumigant
successfully achieved 100% Kill of the mosguito species; Culex

fatigans and Aedes aeqypti within 20 minutes; and 100%

elimination of house flies, Musca domestica L. Watt and Brever

(1962) attributed the effectiveness of the root stock of lemon
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grass to repel moths to its aromatic fragrance. Srivastava et
al. (1988) also reported that the essential cils of Cymbopodgen

martini tested against C. chinensis on seeds of Cajanus cajan

L. was effective in its control. They reported that at a
concentration of 0.1%, C. martini was most effective in
preventing oviposition. They concluded that the essential oil

of C. martini at 0.2 percent could be used for the control of

C. chinensis on Cajanus cajan.

Dike and Mbah (1992) investigated the efficacy of stem
and leaf powders of lemon grass against the cowpea bruchid and
reported that lemon grass stem powder {LGSP) at 5, 10 and 20q
per 100y cowpea seed gave 88.5%, 97.6% and 100% adult bruchid
mortality of €. maculatus, respectively as compared with
20.0%, 38.79% and 66.25% adult mortality for similar
concentrations of lemon dgrass leaf powder (LGLP). They
concluded that lemon grass stem powder significantly retarded
oviposition and progeny development at the three

concentrations studied and that cowpea seeds protected by

lemon grass stem powder were less damaged when compared with
|

lemon drass leaf powder. '
2.3.6 GARLIC AND ONION PRODUCTS '

Garlic, Allium sativum L. (Liliaceae) is a cosmopolitan

plant which grows in temperate zones as well as in the tropics
and subtropics. It probably originated in central Asia from
where it spread to the mediterranean, around whose shores it

still finds its greatest use (Puttarudriah and Bhatta, 1955).
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Similarly, Onion, Allium cepa L. (Liliaceae) is the most

important of the seven species in the genus Allium. The crop
probably originated in the mediterranean area of western Asia,
but is now cultivated in all parts of the tropics, forming one
of the maior vegetables of the drier regions where it grows
well under irrigation. |

Both Garlic and Onion are herbaceous biennial plants
which produce shallow fibrous rooting systems from the base of
the short stems. They are characterised by their penetrating
pungent aroma which is strongest in garlic but not so strong
in chives, A. schoenoprasum L. and onion.

2.3.6.1 ECONOMIC IMPORTANCE OF GARLIC AND ONION

|
The demand for garlic and onion is world-wide, the crops

being grown and consumed by people of all nationalities and
are important items of world trade. The immature and mature
bulbs are eaten raw or they may be| cooked and eaten as
vegetables. They are used as seasoning for soups and sauces
and their oils are flavouring agents produced by steaming.
Medicinally, their bulbs are used for reviving convulsive
patients, cure for haemorrhoids and diuretics in Nigeria (A.
0. Amadi, 1993, personal communication). Garlic, from ancient
time, has been recommended as a stomachic, antiseptic cure for
asthma, bronchitis and coughs, treatment for epilepsy,
rheumatism, leprosy, the common cold, high blood pressure, as
a vermifuge, expectorant and insect repellent (Puttarudriah
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and Bhatta, 1955).

2.3.6.2. CHEMICAL CONSTITUENTS AND INSECTICIDAL PROPERTIES OF

GARLIC AND ONION
although, garlic has been known and used for many years,
research into its chemistry, pharmaLology and pesticidal
aspects is relatively recent. In 1944, Cavallito et al.
isolated an unstable sulphur-containing compound from garlic.
This substance, which had antibacterial properties, was named
allicin. Other sulphur-containing compounds may be obtained
depending on the mode of extraction. Steam distillation
yields di-allyl-disulphide; extraction with ethanol and water
at 25°% gives allicin; and allim is obtained by extraction

with cold ethanol (Kritchevsky, 1991).
Grainge et al. (1985) reported the insecticidal
repellent, anti feedant, bactericidal, fungicidal, nematicidal

actions of garlic and noted that the extract was effective

against ticks, Mexican bean beetle, Epilachna verivestis

Mulls; imported cabbage worm, Pieris rapae, Aphids and Xhapra

beetle, Trogoderma granarium Everts. !

Yepsen (1976) also reported that a fresh solution of
garlic and mineral oil diluted in water was effective against
the most common field pests of crops. The garlic solution
should be applied immediately after preparation to prevent the
volatile oils from evaporating before exerting their effects
on the plants. |

Nasseh (1980) reported that garlic extract reduced the
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feeding of older larvae of Epilachna verivestis Muls. than

younger larvae (Nasseh, 1980). However, garlic used for
insecticidal purpose should not be grown with mineral
fertilizers, since, heavy doses of fertilizers may reduce the
concentration of the effective substances (Stoll, 1988).
2.3.7 OTHER NATURAL PRODUCTS AS GRAIN PROTECTANTS

Orange peels have been used as a repellent against
mosguitoes in the rural areas of Nigeria. The oils of lemon,
grape fruit, lime and tangerine peels have been reported to

reduce the emergence of C. maculatus on artificial black-eyed

pea (Su et al., 1972). Taylor (1975) also found that orange
peel powder was more toxic to €. maculatus and significantly
depressed oviposition and progeny emergence than grape fruit
peel powder.

The insecticidal properties of African curry leaf, Ocimum

gratissimum L. have been investigated. Agina and Sani (1995)

reported that smoke from the ground, dried, orange peels

(Citrus sinensis L. Osbeck), African curry leaves and queen of

the night {(Cestrum nocturnum L.) showed 88%, 55% and 82%

lethality of mosquitoes, respectively. They stated that the
test materials alsc showed repellent effect against grain

weevils, Sitophilus zeamais and Tribolium castaneum. Dried

African curry leaf has been traditionally used in Nigeria to
repel mosqguito. The fresh leaf extracts are used for the
dressing of wounds (sores) and for treatment of stomach aches
(A.0. Amadi, 1993 personal communication). Onu and Aliyu

(1995) reported that treating cowpea with 2.5g and 5.0g per
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2509 seed reduced oviposition and damage to cowpea seed and
viability was not affected by the powdered pepper treatment.
Some inert substances have also been found to be
effective against storage insect pests. Dung ash solution,
woodash, activated coal, heat treated clay dust, ashes of rice
husks and sand are effective against storage insect pests of
crops (GTZ, 1980; Ahmed and Koppel, 1985}. Similarly, Akibu

et al. (1984) reported that ashes from Tamarindus indica and

ground pepper were effective against groundnut, maize, sorghum
and millet storage insect pests. The use of admixture of
dried sand and cowpea have been reported (Kranz et al. 1977).

The sand filled the spaces between the grains, thereby

restricting the free movement of adults and egg laying.
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CHAPTER THREE!
3.0 MATERIALS AND METﬁODS
Adult €. maculatus (100 pairs) used for the study were
collected from the insect culture maintained in 1000
millilitres Raven Head Kilner jars in the storage Entomology
laboratory, Institute for Agricultural Research. Pure
cultures of €. maculatus were raised in four, 1000ml Raven
Head Kilner jars from the above sub cultures for a period of
four weeks under prevailing conditions (20 and 34°C and 28-72%
R.H.). The beetles were maintained on whole cowpea grains
weighing 500 gms each. About 21 days after oviposition,
freshly emerged adult weevils (from 0-24 hours old) were
sieved out and used for artificial infestation throughout the
experiments according to the method of Okeke (1986). It
ensures uniformity of the insect pest used. |
Cole—Palmer Hygrothermograph was used to record the daily
temperature and relative humidity in the laboratory throughout
the duration of the experiments. All weights were taken using
a Mettler Electronic Balance PE 3000. |
Plant materials used were collected from various sources
in and around Zaria, and taken to the laboratory for
processing. For instance, ripe neem fruits and leaves were
collected from neem trees in and around I.A.R. premises in

August, 1994, The leaves of Eucalyptus camaldulensis were

obtained from Feorestry Research Institute of Nigeria premises

at Samaru, Zaria. Lemon grass stem and African bush tea were
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collected from Crop Protection Department, I.A.R and around
Area E, A.B.U. Housing Estate, respectively. Garlic bulbs,
African curry and Onion leaves as well as Orange peels were
obtained from Sabon-Gari market in Zaria. The synthetic
insecticide (Pirimiphos methyl) used as standard was obtained
from the storage entomoleogy laboratory.

Moisture contents (M.C) of the cowpea and all the plant
materials used were determined prior to the experiments using
oven-dried method (Pixton, 1967). However, all the plant
materials used in the experiments except garlic bulbs, neem
seed and lemon grass stem were dried in the laboratory for
three days before samples of each material in two replications
were weighed into the oven for M.C. determination. Plant
materials were oven dried for 24 hours at 60°C (except for
Garlic bulbs that were dried at 80°C for 4 hours in order to
reduce the volatilization of the pungency).

The percentage moisture content (Appendix 12) of each
sample was calculated as follows:- |

$M.C = Initial sample weight - final samnple weight x 100

Initial sample weight
The mean percent moisture content for each sample (replicated
two times) was calculated by summing up the M.C and dividing
by two.
After drying, the samples were separately ground in a Hammer-
mill and sieved into fine powders using 0.1lmm wire-mesh sieve.

For neem seed, garlic bulb and lemon grass stem, these were
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placed in a desiccator after oven drying to prevent moisture
absorption on cooling and thereafter were separately ground in
a hammer-mill 1located in Food Science and Technology
Laboratory, I.A.R, Zaria. The ground materials were packed
in white polythene bags and stored in a refrigerator at 4%

until required for use.

3.1.0 EVALUATION OF PLANT POWDERS AND ACTELLIC DUST FOR
CONTROL OF C. MACULATUS ON STORED COWPEA

One hundred grams of cowpea were placed in each kilner
jar. Powders of plant materials were applied at three
different levels of 2.59, 5.0g and 10.0g to each jar and
replicated three times. The rates for pirimiphos methyl were
1.0g, 2.0g and 3.0g per 100 grams cowpea and these were also
replicated three times. The control was made up of three jars
containing 100g cowpea each without any treatment.

All the Jjars excluding the ‘control’ were vigorously
shaken to ensure proper mixing. The powder in each jar was
allowed to settle for two hours. Ten pairs of freshly emeraged
adult bruchids, were introduced into each jar including the
control. The Jjars were then loosely covered to allow for
ventilation. All the kilner jars were carefully labelled and
arranged in a randomised complete block design (RCBD) on the

laboratory bench at room temperature for a period of 12 weeks.
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3.1.1 EFFECT OF PLANT POWDERS AND ACTELLIC DUST ON

MORTALITY OF ADULT C. MACULATUS

In each treatment, observations were made for toxicity
symptoms while mortality rates were recorded in all the jar at
24 hours, 48 hours and in the 7th day of exposure. The
survivors were placed back into the jars while dead insects
were removed each time until the 7th Qay. The data cbhtained
were transformed and subjected to analfsis of variance (ANOVA)

tests.

3.1.2 EFFECT OF PLANT POWDERS AND ACTELLIC DUST ON
OVIPOSITION AND PROGENY EMERGENCE OF C. MACULATUS

After 15 days of exposing the beetles to treatments, 20
grains of cowpea were randomly removed from each Jjar to
ascertain the number of eggs layed on them. BAll introduced
insects (dead or alive) were sieved out and the sampled grains
returned to their respective jars.

The test for progeny emergehce took place at 4, 8 and 12
weeks for Fil, F2 and F3, respectively, when newly emerged
adults were sieved out and recorded. The data obtained for
oviposition and progeny emergence were transformed and
subsequently analysed statistically and compared with the

control and with one another,.
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3.1.3 EFFECT OF PLANT POWDERS AND ACTELLIC DUST ON
INFESTATION LEVELS AND LOSS IN WEIGHT OF STORED
COWPEA DUE TO C. MACULATUS AFTER 12 WEEKS
At the end of 12 weeks, the percentage of infested
(damaged) grains and weight losses from the same sample were
evaluated by randomly picking 100 seeds from each jar and
recording the number of emergence holes in them, as well as
weighing the entire cowpea grains in each jar. The data for
each replicate was recorded and subjected to analysis of
variance tests. |
To calculate the percentage of damaged seeds and loss in
weight, the formulae below were used:-
i Percentage of damaged seeds J

=Initial NO. of seeds - Number of undamaged seeds % 100

Initial number of seeds.
ii  Percentage loss in weight |

= Initial seed weight - Final seed weight x 100

Initial seed weight
!
3.1.4 EFFECT OF PLANT POWDERS AND ACTELLIC DUST ON GRAIN
VIABILITY AFTER 12 WEEKS OF STORAGE
At the end of the trial period (12 weeks), 20 undamaged
seeds from each treatment were picked and placed on Whatman
number one filter paper in sterilized Petri dishes, moistened

and Kkept on the laborateory bench under room temperature.

Germination counts were taken on the 7th day and data obtained
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was subjected to analysis of variance after after

transformation.

3.1.5 EFFECT OF PLANT POWDERS AND ACTELLIC DUST ON GRAIN
QUALITY AFTER 12 WEEKS OF STORAGE

Organo-leptic studies were conducted at the termination
cf the experiments. Cowpea graing from each concentration
(for example - 2.5, 5.0 and 10.0g for pllant extracts and 1.0q,
2.0g and 3.0g for actellic dust) were separately boiled, and
tested for palatability and retention of flavour of treatment
materials. Ten respondents (five males and females) were
trained and used to assess the palatability of cocked grains
on a scale of one to five (very poor, poor, fair, good and
very good). ! |

Observationé were also made on £he seed coat of grains
from each treatment to assess visually any changes in texture,
colour and growth of moulds which may likely hinder market
appeal for the products. The scale of 1 to 3 (Poor, Fair and
Good) was used and normal frequency distribution was applied

in data analysis for all quality factors.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSIONS
4.1. EFFECT OF PLANT POWDERS AND ACTELLIC DUST ON

MORTALITY OF ADULT CALLOSOBRUCHUS MACULATUS ON

STORED COWPEA. |

The results of the relative efficacies of various phyto-
chemicals and pirimiphos wmethyl (Actellic dust) on the
mortality of adult cowpea weevils after 24, 48 hours and 7
days are shown in Tables 1, 2, 3, After 24 hours, the
effects of plant powders on the mortality of adult C.
maculatus were varied. Neem seed powder (NSP), Lemon-grass
stem powder (LGSP), Orange peel powder (OPP), Garlic bulb
powder (GBP), Eucalyptus leaf powder (ELP), African curry leaf
powder (ACLP) and Actellic dust (AD) with an occasional

excertion, achieved more than 20 percent mortality of adult C.

maculatus. Hyptis (African Bush tea) leaf powder (HLP), Neem

leaf powder (NLP} and Onicn leaf powder (ONLP), had less than
20 percent mortality. Many of the treatments as shown in
Table 1 were significantly (P<0.01) better than the control
which recorded no insect mortality during the period.
Actellic dust at the highest level (3.0g wt/wt) performed
significantly (P<0.01} better than the plant extracts by

recording 100 percent adult weevil mortality.
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Table 1 Effects of plant powders and actellic dust on percentage mortality of C. maculatus
al 24 hours post treatment.

Concentration (grams) per 100 grams of Cowpea Seeds

{wifwl)
Plantl powders cone.
Trealments 2 5y 5.0y 10.0p Chemival
Mueans

Actellic Dust 71.67 850 100.0 85.56

{3.46a} {9.224) {10.02a) {7.10a)
Neem Seed Powder 25.0 3l.67 46.67 34.45

{5.03abe) {5.62abc) {6.84abc) {4.55abh¢)
Leman Grass Stem 26,67 33.33 35.0 31.66
Povweder {3.04abc) {5.68abc) (5.85ah¢) {4.32by)
Garlic Bulb Powder 18.33 23.33 45.0 28.89

{(3.98aby) {4.54ab¢) {6.5%9abe} t4.02ube)
Orange Peel Powder 18.33 23.33 35.0 25.55

(3.98abe¢)  {4.54abe)  (5.52abe} {3.48ahy)
Eucalyptus Leal 36.67 38.33 46 .67 40.56
Powder {6.08ab¢)  (6.0dabe)  (6.83abe) {4.91ab¢)
Alrican Curry Leal  406.67 46.67 65.0 52.78
Powder {6.85ah) {6.80ub) {8.04ab) (5.60ab)
Hyplis Leal Powder  1.67 3.33 3.32 4.44

(1.25h¢y (1.80be} (2.63b¢) {1.60¢)
Neem Leal Powder 5.0 6.67 8.33 6.67

{2 10ahey (2.G6dahe) {2.88b¢e) {2.08bv)
Onion Leal Powder 5.0 8.33 I13.33 8.89

{2 10abe) {(2.63ube)  {3.70abe) {2.28h¢)
Control (§0.0) 0.0 0.0 0.0 - |

0.71¢) (©.71¢) 0.7t¢) T
LSD x DMRF (G.01) 6.67 6.67 6.67 3.9]
ConcentrationMeans 4,524 4.8%7a 5.89;a 0.71Lb control
LSD (P<0.01) 4.45 4.45 4.45 4.45

* Figures in parenthesis are transformed (square root} from the original dala,

* Means [ollowed by the same letter(s) in a coluinn are not significantly different at 1.0% level.
* Honzontal comparison made for concentration means.,

# Concentration of Actellic dust (g): 1.0, 2.0 and 3.0

* Number of insects used = 20
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Amongst the plant products, ACLP reccorded the highest
mortality (46.67, 46.67 and 65.0% respectively at the three
levels tested); followed by ELP (36.67, 38.33 and 46.65%), NSP
(25.0, 31.67, 46.67%), LGSP (26.25, 33.33, 35.0%). GBP caused
higher (P<0.01) mortality (4%%) at 10 g than LGSP and COPP at
similar levels. The lowest adult beetle mortality during the
period was observed in HLP treatments (1.67%). Similarly, NLP
and ONLP recorded one of the lowest mortality especially at
the lower concentrations. |

The analysis of variance (Appendix 1), for this period
(24 hours) indicated that within the treatments, significant
differences (P<0.01) existed in adult weevil mortality. The
interaction between concentrations and treatments was found to
be significant {P<0.01) too. f

At 48 hours post treatment, a siﬁilar trend of increased
mortality was observed. A cummulative mortality of over 60
percent was recorded in cowpea treated with NSP (which had the
highest mortality in all treatment levels). Dosage level of
10.0g NSP per 100g cowpea seed wt/wt gave the highest
mortality (98.34%) followed by ACLP (80.0%, and 75.0% at 10.0g
and 5.0g levels respectively), GBP (75.0%), ELP (73.32%) and
LGSP (68.33%) at the highest concentration. Actellic dust
which earlier recorded a 100 percent mortality of adult
beetles at the highest concentration, also achieved 100%
mortality at the lower treatment levels (Table 2).

This result showed that AD achieved higher (P<0.01)
mortality than all the plant products. The lowest beetle
mortality at 48 hours post treatment was observed in cowpea

treated with ONLP which earlier performed better than NLP



i 46

Table 22 Effect of plant poswders ol ¢ il dust on perecentage mortality ol €1 maculatus e 48 hours
sl lrealtnend,

Concentration (grams) per 100 grams of Cowpen Seeds

fwelfwel }
Plant povweders cone.

Treatments 2.5z 5.0g 10.0g Chenncal Meuns
Actellic Dusix* [00.0 100.0 0.0 100.0

{10.02a) {100} - (5. 36bedy
Neem Secd Powder 93,33 33.33 98.33 95.0

{9 68ah) {9.63ab) {9 944y (7501}
Lemon Grass Stem 5 60 6o 7 66.67 68.33 63.80
Powder {7.350hd) (8. 12abhe) {8.27al) 6. 16aby)
Garlic Bulb Powder 500 56.67 78.33 61.67

(7,030l {7, 360ed) (8.86uh) {5.99h¢)
Orange Peel Powder 4 0 . 0 36.67 55.0 43 3%

{6.05del) {5.46dc) (7.10be)  (4.83cde)
Eucalypius  Leafl  71.67 350 73.33 66,67
Powder {8.49abh¢} {(7.37ed)  (B.53aby 16274l
African Curry Leal 7333 75.0 80.0 76.11
Powder & 59abhe) {(8.69ab) 1895y (6 T3uly
Hyplis Leal Powder 150 18.33 31.67 21.67

{3940 (4.33¢) (5.67¢) {3.6060)
Nec Lol Powder 15.0 36.67 45.0 KL

{3,900 (5.98cdey (6. Hhey  (4.33d0)
Onien Leal Pows er 250 31.67 25.0 i

(.94¢9) {5.67dc) {(5.01¢) {4.08de)
Cuntrol (1.0} 0.0 0.0 0.0 -

(0.71g) {0711 (0.71dy
LSD x DMRF {0 01) 236 2.36 2.36 1.38
ConcentralionMeans 7.020q 7.2600 G.98200 07100 {control)
LSD (P 0.01} 1.57 1.57 1.57 1.57

#i Acteltic dost cancentrmikon (g3 1.0, 2.0 and 3.0

= Means followed by the same Tetier{s) in a column are not sigmiheantly different at 1.0% level.
# Figures m parenthesis are trans formed (square root) from origingl data.

* Hartzonta] comparson nude for coneentration nicans,
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and HLP. However, Neem leaf and Hyptis leaf powders showed an

| _
improvement over their previous data at 24 hours; by recording

40.0% and 31.66% respectively, of adult beetle mortality.
Similarly, there was no death recorded in the control during
the period. The longevity of female C. maculatus is between
two and fourteen days depending on temperature and the peak
oviposition is 2-3 days after emergence. Since some of the
plant powders achieved more than 50% beetles mortality within
48 hours, the number of eggs laid could be reducéd
significantly and this would in turn affect the number of
adults that may emerge (Tun, 1979). i
At the seventh day post treatment, all the treatment
levels achieved 100 percent beetles mortality compared with
the contrel (53.33%) which could be due to naturatl facto;s
{e.g Senescence) (Table 3). The differences between the
treatments and contrel and the interaction between treatments
and concentrations were highly significant (P<0.01). This
result showed that up to 100 percent mortality can be achieved
using the plant products under investigation, although, it
took a longer time to be effective as compared with the

conventional insecticide.




48

Table 3: Effeet of plant powders and actellic dust on pereentage mortality of € muculatus w0 7 days
st treatient.

Coneentratim (erams) per 100 grans of Cowpea Scads twifwt)

Phiat powders cone.

Treatments 2 5.0u 10.0g Chemival
Muans
SACtebhiv Dusess 0.0 0.0 0.0 (.0
Nuewin Scad Powader 1030 100.G {00.G 1GO.G
{103,030} {10.032) (10.032) 19,340}
Loemon Grass Stem 10,0 1006 1000 100.t)
Poweder LHG.03:) (10,034} {19.03x) 19340
Garlic Bulb Powder 100.0 100.0 100.0 F00.0
{10 03 (10.032) (10.03) (V.34
Orange Peel Powder 1000 100.0 100.0 1000
{10,030} t10.03) (10,0343 {9 34}
Eucalyptus  Leal 100G 100.0 106.0 1000
Poweder {10.03:10) {10.03:) {10.034) 2. 340
African Curry Leal 1000 {00.0 100.0 100.0
Foweder {10.03:1) {10.031) 110.03a) 9.3
Hyptis Leal Powder 1000 L00.0 100.0 100.0
{1003} {10.03) {10,030 9 3dua)
Neem Leal Posedur 100 H00.0 1040 100.0
110,003 {10,034} {10,035 1 3diag
Orton Leal Powder Ié)(}.{} (AR LR {000
10,030 (10.030) {10,030 19.340)
Contrel 10.0) 8333 5333 53.33 -
{7.30I4) {7,300 (7.30h) -
L5 x DMRF .04y 087 0.87 .87 5]
Concentmitom Monns 940y 9094 9,09, 7300 fenntroel)
LSD (P<0.01) 055 {158 {58 (3.58
= Concentration o Actellie dust (z): 1.0, 2.0 and 3.0 ||

F Means fotowed Iy the smne lettertst oo column are not sigodficantly ditterem w LO% lewvel
* Figures in parcithesis wre tunsformed (squace rool) Trom ariginal data.
* Horjzontad comparison made for concentration means,
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The mode of action of these products is not clearly
understood but aAD, ACLP, ELP and NSP may have a contact
action, since these products caused more than 50% mortality of
adult ¢. maculatus within 48 hours. The 1improvement in
efficacy of neem products after 24 hours post treatment may be
due to its o0il exudate which was clearly visible and may have
been responsible for its contact action by blocking the
respiratory tracts of the insects (Singh et al., 1977).
Several workers had observed relative efficacies of plant
powders in effecting mertality of adult bruchid in stored
produce. Ivbijaro (1983a) reported that within 24 hours of

exposure, 47% of Sitophilus oryzae adults died at 2.5g; 13% at

1.0g and 6% at 0.5 neem seed powder per 20g of maize
respectively. He concluded that mortality reached 100% on day
10 at the doses of 0.5 and 1.0g NSP while the untreated
control recorded only 38% mortality of beetlesg. Usman (1991)
reported that after three days, the effects of neem seed
powder on the mortality of adult T. castaneum were very low.
In all the NSP treatments, less than 20% mortality was
achieved with the highest amount of NSP 24 hours after
treatment. _ I
Dike and Mbah (1992), Dike and Mshelia (1996) and Agiha
and Sani (1995) have reported high mortality of beetles when

" treated with lemon grass products, Eucalyptus products and

African curry leaf powder respectively. Oonu and Sulyman
(1997) reported that grapefruit peels produced significantly

higher levels of C. maculatus mortality at 10g and 20g per
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200g seeds than sweet orange, lime orange, lemon treatments

and the control after 96 hours of treatment. The above

results were consistent with the ones obtained in the present
study.

Generally, there were relative increases in efficacies as
the concentration of products increased, showing that there is
a possibility of achieving higher mortality of adult beetles
if the concentration of powders is increased beyond 10.0g but
these powders may be too bulky to handle. Other factors that
could affect potency of plant powders include stage of plant
leaves used, method of processing (Penfold and Willis, 1961),
mode of application, health condition of the insects,
differences in insect bio-type (Jacobson, 1983), experimental
conditions such as temperature and humidity, (Tun, 1979) and
stage of maturity of seeds or bulbs used (Stoll, 1988).

Guidla EFFECT OF PLANT POWDERS AND ACTELLIC DUST ON
OVIPOSITION OF C. MACULATUS AT 15 DAYS POST
TREATMENT.

The effect of plant powders and actellic dust on the
oviposition of C. maculatus at 15 days post treatment are
summarized in Table 4. The analysis of variance of the data
(Appendix 4), followed by comparison and ranking using
Duncan’s Multiple Range Test (DMRT) showed that the means of
eggs layed between treatments and within treatments were
significantly (P<0.01) 1lower than those in the control
(250.33) . Neem Seed Powder (NSP) recorded the least mean

number of eggs deposited (5.33, 3.33. 2.67 for 2.5g, 5.0g,
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Table 4. Effcet of plant powders and actellic dust on oviposition of €. maculalus al 15 days

]1(\Sl Lreatment.

Concentration {(grams) per 100 grams of Cowpea Sceds (wifwi)

Plant powders cone.

Treatinents 2.5¢ 5.0¢ 10.0g Chemical Means
Actellic Dust®* (5.07)ed {3.62)ed {2.84)de {8.62h¢)
25.67 13.33 8.0 743
Neem Sced Powder (2.38n {1.90%d {1.76)e (8.09¢)
5.33 3.33 267 | 65.4
Lemon Grass Stem (7.22)be {6.62)he (5,48)h{::d {9.88abc)
Powder 59.0 44.0 35.67 97.7
Garlic Bulb Powder (9.3 {9.611h (6.20)bed (10.93a)
94.0 93.33 40.33 ; 119.5
. | g
Orange Peel Powder — 19.38)b (8.651b {7.36)bc (10.951) :ﬁi
9167 78.67 59.67 120010
Eucalypius  Lueal (7.6l {(7.39e {7.36)he {10.34abh)
powder 63.67 58.0 55.67 | 106.9
Alrican Curry  Leal (4. 74)ed {3.58)d {3.56)cde (8. Fhe)
Powder 22.33 17.33 13.67 75.9
i
Hyptis Leaf Powder {7.66)be (7.58)h (6.64)bed {10.20ab)
60,33 57.33 48.33 104.10
Neem Leaf Powder {7.70)be {7.18)h¢ {5.83)bed {10.0¥abe
64.33 52.0 33.67 | 160.10
Onion Leaf Powder (8.14)be {8.013h {7.35)h (10.46ab)
66,33 64.67 56.67 10950
Canlrol {0.0) {1583 {1583 {15.83) - .
250.33 250.33 250.33 . <
LSD x DMRF (0.01)  3.38 338 3.38 2.05
Cuncentration Means 7.4 7.28h 65.40b 15.83a (control)
LSD (P<0.01) 1.84 1.84 1.84 1.84

** Concentration of Actellic dust {¢): 1.0, 2.0 and 3.0

¥ Means followed by the same Jetter(s) in a coJumn are not significantly different a1 1.0% level.
* Figures in parenthesis are trans formed {square root} from original data.
* Number grains used cach = 2.0

# Hurizontal compurison made for goneentration means,
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10.0g wt/wt per 100g cowpea seed respectively}. This was
followed by Actellic dust (25.67, 13.33, 8.0 for 1.0g, 2.0g,
3.0g wt/wt respectively); African curry 1leaf powder-ACLP
(22.33, 17.33, 13.67, for 2.5g; 5.0g, 10.0g w/w respectively).

Other plant powders with significantly (P<0.01) reduced
oviposition at 10.2g w/w compared with the control in
descending order include NLP, LGSP, GBP, HLP, ELP, ONLP and
OPP. NSP, AD and ACLP reduced oviposition by 48 to 95 timeé
and 11 to 19 times, respectively with respect to the control.
onu and Sulyman (1997) reported that grapefruit and line peel
treatments at 5 and 10% (w/w) caused a significant reduction
in oviposition rate 40 days post treatment; however, the
oviposition rates on seeds treated with sweet orange and lemon
peels at both rates were not significantly different from the
contral. Similarly, Dike and Mbah (1992), Dike and Mshelia
{1996) and Onu and Aliyu (1995) observed significant reduction

|
in oviposition on cowpea treated with Lemon grass, Eucalyptus

"and pepper products, respectively. ‘
Ivbijaro (1983a) has reported that NSP produéts

drastically reduced eqg laying in female Sitophilus oryzae

from 154 in untreated control to only 9 and 3 at neem seed
doses of 0.5¢g and 1.0g per 20g of maize, respectively.
The highest me-n oviposition amongst the products was

observed on cowpea treated with garlic bulb at the two lower
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concentrations (94.0, 93.33 for 2.5g apd 5.0g respectively).
Other plant powders with high 6viposition at lower
concentrations include OPP, ONLP, ELP, NLP and HLP. The
reason for high oviposition rates observed was partly due to
low levels of powders used, the caking nature of the products
with time as a result of constant exposure of the powdery
materials (especially GBP and LGSP) to.the atmosphere during
data collection. In addition, Steoll (1988) had reported a
reduction in the efficacy of garlic as insecticide when grown
with inorganic fertilizers and this may have accounted for its
relative ineffectiveness in suppressing beetles oviposition in
the present study. :

Therefore, tor plant powders (especially GBP and LGSP) to
be effective for a long time in the course of treatment, the
container should not be opened except for replacement of
powders used 1in tr2atment in order to prevent moisture
absorption from the surroundings. Also,iinorganic fertilizers
should not be applied to garlic to be used for insecticidal
purposes. Since the results as shown in Table 4 indicates a
reduction in the number of eggs laid as the concentration of

powders is increased; high doses of powders (probably at
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10.0g/100g seed) may be adequate to discourage oviposition by
beetles on stored cowpea.

The mode of action of plant powders 1in reducing
oviposition of female C. maculatus is not fully understood but
higher mortality rates (Dike and Mbah, 1992) as well as
repellent activity of the products (Babu et. al. 1989) which
disorientated the bruchids and forced them to migrate to the
wall of the jars where they laid most of their eggs, could be
implicated.

4.3. EFFECT OF PLANT POWDERS AND ACTELLIC DUST ON ADULT
EMERGENCE OF C. MACULATUS.

The effect of plant powders and actellic dust on adult
emergence of three generations of C. maculatus is shown in
Tables 5, 6, and 7. Progeny emergence in all treatment
concentrations at four weeks after treatment (WAT) followed a
sequence similar to that of egg count at 15 days after
treatment (DAT).

The analysis of variance of these means (Appendix 5)
showed highly significant differences (P<0.01) between the
treatments and the control on one hand, and between and within
treatments on the other. The interaction between treatments
and concentration on Fl1 progeny emergence was highly
significant (P<0.01) (Appendix 5). Table 5 indicates that 100

percent inhibition of F, progeny of C. maculatus was achieved

with NSP at 5.0g and 10.0g w/w followed by 93.81 percent at

2.59g w/w. Other materials which had above 50 percent



Table 5. Effect ol plant powders and actellie dust on percentage F, progeny of C. maculatus al four weeks

puost lrestinent,

Concentration {grams) per 100 grams of Cowpea Seeds (wifwt)

Plant pawders cone,

% Inhibition of F,

Treatments 2.5¢ 5.0g 10.0g Chemical 2.5 5.0 10.0g
Moans |
Actellic Dust*® 61.04 39.98 25.0 52.68 | 33 .96 60.02 75.0
(7.81a) {6.324) {5.0¢e) (7.'36c]|
|
Neem Seed Powder 6.19 0.0 0.0 2272 93 .81 100.0 100.¢
(2.49h) {0.71¢) {0.710) {4.77dy
Lemon  Grass  Stem 74.58 70.45 69.99 74.72 | 25.42 29.55 30.84
Powader (8.64a) {8.39abh¢) (8.37ah) (8.64ah)
Gurlic Bully Powdler 68.09 59.28 38.01 62.52 31.91 40,?2' 61.99
{8.25:) (7.700-d) (6. 17dc) (7.91abc)
Orange Peel Powder 83.64 23.48 66.48 79.57 16.36 16.52 33.52
(9. 15} (9. [4aly) {8.15ahe} {8.92)
Eucalyptus Loul 7644 46,11 66.04 23.56 43.10 533.89
powder (8. 741} 5690 (6. TOb-) (8.13ab¢)
{(7.54{u-d)
African Curry Leaf 5522 53.84 41.48 58.81 | 44 78 46,16 58.52
Powder {7.43a) (7.3dbed)  (6.44cde) {7.670¢)
Hyplis Leaf Powder 75.15 72.09 58.62 72.64 24.86 27.91 41.38
(8.67a) (8.49abw) (7.66a-d) (8.52ah)
Neem Leaf Pawder 68.91 46.54 63.02 3109 4808 5346
{3,304 51.92 {6.82hed) {7.94ube)
{7.21edd |
Oniviy Leatl Powder 77.39 76.81 73.53 7801 2261 23.19 26.47
{880} (8. 76ube) (8.58ah) (8.844)
Control (0.0) 84.69 84.69 84.69 - 15.31 15.31 15.31
{9200} {9.20a) (%.20a) - - - -
LSD x DMRF (0.013 1.80 1.80 1.80 1.05 - -
Comneentration Means {7.95in) {7.35he) {6.72¢) {9.20) (Contral)
LSD {P<0.01) 1.20 1.20 1.20 {.20 .84

*# Coneentration of Aciellic dust (g): 1.0, 2.0 and 3.0
* Means followed by the same letter(s) in a ¢olumn are not significant!y different at 1.0% level,
* Horizontal comparison made for concentration means.
* Figures i parcnthesis are transformed {square root) from original data.

* % F, Emergence =

F, Meuan

X

100

Oviposition Mean

1

* % F, Inhibition = [00 - %F, Emergence.
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Table 6: Effect of plant piwders and actellic dust on Fy progeny of C. maculatus at cight weeks
post treatiment.

Concentration {grams) per 100 grams of Cowpea Sceds (wilfwt)

Plant powders cone.
Treatments 2.5z 5.0¢ 10.0g Chemical
Muans
Actellic Dust* 390 24.0 17.0 95.0
(6. 19bed) (4.77h¢) (4.15h¢) (7.99b¢)
Neem Seed Powder 0.0 0.0 0.0 75.0
(0.71d) (0.71¢) 0.71¢) (4.74¢)
Lemon Grass Stem 50,0 35.0 34.0 104.8
Porwder {(7.08bedd {5.91b¢) {5.84hc) (8.92al)
Garlic Bulb Powder 158.0 131.0 35.0 167.5
{12.512b) {11.4]1ab) {9.01h} (12.44a)
Orange Peel Powder  133.0 122.0 69.0 156.0
(11.49abe) {10.75ah) (8.281) (11.84a)
"Eucalyptus Leaf 8.0 67.0 47.0 123.5
Powder (8.9 {(8.210) {6.85b¢) (19,220
African Curry leal  31.0 22.0 13.0 91.05
Powder (5.60cd) (4. 7lhe} (3.63h¢) {7.70h¢)
Hyptis Leal Powder  62.0 51.0 36.0 P 112.3
{7.82by) {7.15b¢} {6.01hce) {%.46al)
Neem Leal Powder 60.0 52.0 38.0 1125
(7.74b¢) {7.14he) {6.13h¢) (9.474b)
Onion Leal Powder 68.0 61.0 61.0 122.5
(7.98h¢) {7.78M {(7.73h) (10.09h)
" Control {0.0) 300.0 300.0 300.0 ! -
(16.854) {16.85a) {(16.85a) -
Ls5D x DMRF{(0.01) 6.76 6.76 6.76 .76
ConcentrationMeans 7.61b 6.85b 5.830 16.85a(Control)
. |
LSD {P<0.01) 3.86 3.86 3.86 1.86

¥ Concentration of Acteltic dust (g): 1.0, 2.0 and 3.0
© % Means followed by the same letter(s) in a column are not significantly different at 1.0% level.
* Figures in parenthesis are transformed {square root) from original data,

“# Harizental comparison made for concentration means.
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Table 7: Effect of plant powders and actellic dust on F; progeny of €. maculatus al 12 wecks

posk trealinent,

Concentration {(grams) per 100 grams of Cowpea Seeds (wihwl)

2.5

Plam powders cone.

Treatments 5.0¢ 10.0g | Chemical Means

Actellic Dust*x 46.0 31.0 367 9.28f
(6,723 {5.58)efg (4.86)(:(1(;

Neem Seed Powder 0.0 2.0 0.0 5.53h
(0.7 0. 7he {0.71)e

Lemon Grass Stem 174.0 167.0 i38.0 14.45h

Bowdler {13, 19)be {12.90)hedd {11.74b

Garlic Bulh Powader  338.33 330.67 88.33 16.484
{18.32)ub (18.19)ab {9.41)bed

Orange Pecl Powder  311.0 233.33 169.67 | 16.34a
{17.50)b (15.01be (12.84)h

Eucalyptus Leaf  109.33 101.67 76.0 12.27d

Powder {10.41)cd {10.06)cde (8.61)bed

Afriean Curry Leat 35,0 18.0 16.67 ‘ 858y

Powder {5.93)le {(4.29)fg (4.13)de; j

Hyptis Leaf Powder  93.33 75.33 64.67 ‘ 11.54e
{9.63)d (8.55)del (7.98)hed

Neem Leal Powder $6.0 72.33 51.0 11.21e
{8.38)cd (8.49)del (7,49)bc_d

Onion Leaf Powder 13167 126.0 102.0 | 13.10¢
{11.13)ed {[1.22xd {10.07be

Control (0.0) 404.33 404.33 404.33 -
{19.98)4 {19.98)a {19.98), -

LSD x DMRFE{0.01) 535 5.35 5.35 | 2.97

Concentration Means 10.24b 9.50h 7.78b 19 984 {Control)

f
LSD (P<0.01) 3.06 3.06 3.06 3.06

¥ Concentration of Actellic dust {g): 1.0, 2.0 and 3.0
* Means followed by the same lelter{s) in a column are not significantly different at 1.0% level.

* Figures in parenthesis are teansformed (square root) from original Jata.
* Horizontal comparison made for concentralion means.

A

i
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inhibition of F, progeny emergence compared with the control
(15.31) included Actellic dust, 75.0 percent and 60.02 percent
for 2.0g9 and 3.0g w/w respectively; GBP 61.99 percent; ACLP
58.52 percent; ELP 53.89 percent; NLP 53.46 percent for 10.0g
w/w. These products exhibited three to seven times effective
suppression of F, emergence above the control. From the same
data, it was observed that as the concentration of plant
powders 1is increased, the percentage adult F, development
decreased. Plant products with 1less than 50 percent
inhibition of F, at all three treatment levels were LGSP, HLP,
OPP, and ONLP.

The poor performance recorded on LGSP, HLP, and OPP may
be due to either their hygroscopic nature which resulted in
caking and/or the settling of the powders at the bottom of the
Kilner-ijars, However, Dike and Mbah (1992) reported that
Lemon—grass products effectively retarded progeny development
of C. maculatus on stored cowpea. The mode of action of AD,
GBP, NSP, ACLP, ELP and NLP in suppressing F, development is
not clearly understood; but it may be due to ovicidal activity
which resulted in reduced 1larval exclusion (Gbolade and
Adebayo, 1993; Pereira and Wohlgemith, 1982}.

On the development of subsequent generations (F2 and F3),
the ANOVA (Appendix 6 and 7) showed that there were highly
significant differences (P<0.01) between the levels of
treatments and the control at F, and F, and between the

treatments at F, only. The interaction between the treatments

and concentration was also highly significant at F; only.

i
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Data on Tables 5 and 6 show that NSP completely inhibited the
development of F, and F, progenies while ACLP and AD in that
order performed better than other plant products at all the
treatment levels.

The complete inhibition and/or suppression of progeny
development in the F, and F; generations by NSP and ACLP
respectively is perhaps the first time this finding is being
reported in a laboratory study. The finding suggests that the
powders of neem seed and African curry leaves may have some
adverse effects on some of the eggs laid by the parental
female bruchids. Thus, adults which developed from such edggs
were rendered infertile (Lale and Ajayi, 1996). Although, the
precise nature of the sterilizing effect of the powders of
neem seed and African curry leaves on bruchid eggs is not
known, this particular mode of action of this c¢lass of plant
powders offers great prospects for the management of cowpea
bruchids in developing countries (Lale and Ajayi, 1996).

The mean numbers of F, and F; that emerged on ACLP were
31.0, 22.0, 13.0 and 35.0, 18.0, 16.66, respectively, for the
three levels while AD had 39.0, 24.0, 17.0; and 46.0, 31.0,
23.66, respectively, for all the levels. However, some plant
products showed good suppression of F, progenies at the
highest treatment level. These products include LGSP, GEBEP,
HLP, NLP and ELP with mean adult emergence of 34, 35, 36, 38
and 47, respectively. The means for adult emergence in F, and
F, generations in the <control were 300 and 404.33,
respectively. Generally, there were significant increases in
progeny development from F, to F; in all treatments except NSP

and ACLP in which adult increased with increasing generations
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only at the 5.0g w/w level. The fact that there were more
progenies in each generation up to 12 WAT on cowpea seeds
indicates the need for a repeat treatment to be applied in
some cases, : !

The reason for this progressive loss of potency may
apparently be attributed to the constant exposure of the
powders during data collection and the settling of the powder
particles at the bottom of the container (Cobbinah and Applah-
kwarteng, 1989). It could also be partly due to the fact that
the insecticidal principles in the plant (probably in small
amounts) might be veolatile in nature and might have been lost
during the drying and grinding stageg (Adebayo and Gbolade,
1994, Lale, 1994). | |
4.4. EFFECT OF PLANT POWDERS AND ACTELLIC DUST ON

PERCENTAGE DAMAGE OF COWPEA BY C. MACULATUS AT
12 WEEKS POST TREATMENT. !

The results ¢of the effect of plant products and Actellic
dust in protecting cowpea from attack by C. maculatus are
shown in Table 9. All the treatments showed significant
{(P<0.01) protection of cowpea stored for 12 weeks against ¢.
maculatus as compared with the control.

The percentage damage (holes in the grains) was least én
cowpea treated with NSP at the three concentrations (0.67%,
0.33%, 0.0%)}. This was followed by Actellic dust (25.0,
21.33, 13.66%); African curry leaf powder (33.0, 20.66,
16.66%) and Lemon grass-stem powder {(40.66, 40.0, 36.66%) for
low, middle and highest concentrations respectively. Plant

powders with less than 50 percent cowpea damage in descending

order were garlic bulb powder (38.66%), Eucalyptus leaf powder
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Table 8: Effect of plant powders and actellic dust on percentage geain damage caused by C. maculatug at 12 weeks
post treaiment.

Concentration (grams} per 100 grams of Cowpea Seeds (wi/wt)

Plant powders cone.

Treatments 2;55_' 5.0¢ 10.0g | Chemical Means

Actellic Dugt*¥ 250 21.33 . 13.67 33.90
(4.93ah) (4.66alh) {3.70bc): (5.50a)
Nuem Sced Powder 0.67 0.23 0.0 19.20
(1050 (0.88¢) (0.71¢) (2.84Dh)
Lemon Grass Stem 40,67 40.0 36.67 . 48.30
Powder (6,021 {6.33ak) (5.68ab) (6.694)
Garlic Buly Powder 72,0 63.0 38.67 63.60
(8.26a) (8.19aly) {6.26ah) {7.86a}
Orange Peel Powder  65.0 58.23 4433 . 60.80
(7.99a) (7.45ab) (6,49ab)i (7.66a)
Eucalyptus Leaf 5533 55.33 38.33 56.30
Powder (7.39a) {7.21ab) (6.17ab) {7.38a)
African Curry Leal 330 20.67 16.67 36.50
Powder {5.76a) {4.28b¢) {3.93bc) {5.674)
Hyptis Leaf Powder  66.33 55.33 54.0 . 62.80
{({8.040) {7.26ab) {7.24ab) (7.81a)
Neem Leaf Powder  59.33 54.67 40 | 58.40
(7.57a) : {7.43al) {6.42al) (7.53a)
Onion Leal Powder 60.33 57.67 53.67 67.80
(7.654) {7.40al) {6.95ab) {7.68a)
Cemiped (0,00 75.67 75.67 75.67 -
(8.73) (8.731) (8.73a) -
LSD x DMRF 0.0y 4.24 4.24 4.24 2.36
ConcentrationMeans 6,47 6.11 5.35 ‘ 8.73 (Conlrol)
LSD (P<0.01) 2.42 2.42 2.42 2.42

** Concentration of Actellic dust {g): 1.0, 2.0 and 3.0

* Means followed by (he same letter{s) in a colunn are not significantly different at 1.0% level.
* Horizontal comparison made for concentration means.

* The nuinber of sceds selected = 100 ; ' i
* Figures in parenthesis are transtormed (square root) from originai data.
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(38.66%), Neem leaf powder (44.0%) and Orange peel powder
(43.33%) all at the highest concentration (10.0g w/w). These
observations are similar to those of Dike and Mbah (1992);
Dike and Msheila (1996); Onu and Sulyman (1997) and Taylor
(1975); using LGSP, ELP and Citrus peels powder respectively
to protect stored cowpea grains. The highest damage to cowpea
by €. maculatus was observed in the control (75.0%) which did
not differ significantly (P>0.01) from GBP (72.10%) at the
lowest concentration. Other treatments with more than 50
percent infestation level included Hyptis leaf powder (range
54.0-66.33%) and Onion leaf powder (range 53.66-60.33%).
Generally, the result shows a decreasing damage level of
cowpea by weevils as the concentration of treatment is
increased. _ | _
The effectiveness of Neem seed,lActellic dust, African
curry leaf, Lemon-grass stem, Garlic bulb, Orange peel and
Neem leaf powders 1in protecting cowpea stored for three months
against bruchid attack may be due to the suppression of
progeny development, through oviposition deterrence and
ovicidal actions (lvbijaro, 1983a; Pereira, 1983; Ali et al.
1983; Sowunmi and AKinnusi, 1983; Das and Karim 1986 and Das,
1987). The result also shows that African curry leaf powder
competes favourably well with Actellic dust in protecting
stored cowpea, although, the latter was slightly more
effective. Yadav (1973) reported that lentil seeds treated
with neem kernel powder were protected from C. chinensis and

that there was no bruchid damage when two percent Neem Kernel
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powder was mixed with pigeon pea seeds (wt/wt) after 12 months
of storage. Seed protection was attributed to inhibitien of
oviposition of the bruchid. Similarly, Jotwani and Scircar
(1965) reported that 1-2 percent powdered neem kernel mixed
with wheat grain (wt/wt) protected the grain against the rice

weevil (Sitophilus oryzae), the lesser grain  borer

{Rhyzopertha dominica) and the Khapra beetle (Trogoderma

granarium)} for about 9-12 months. Dike and Mbah (1992)
|

reported the efficacy of lemon grass products in protecting

cowpea grains stored for two months and inferred that at the
three concentrations studied (5.0g, 10.0g and 20.0g) per 100g
cowpea seed), lemon grass stem and leaf powders significantly
protected cowpea grains from damage by C. maculatus though,
cowpea grains treated with the former were less damaged when

compared with the latter.

Although, the efficacy of Hyptis spicigera (Lam.) leaves

in protecting stored cowpea has been documented (Lambert et

al., 1985), yet, the effectiveness of similar species, H.

suaveolens (Poit) in this experiment relative to other plant

products was disappointing. The low levels of sample used as
well as the reduction in the strong repellent odour of the
powder over-time wmay have contributed to the reduced
effectiveness of this plant material.!
4.5. THE EFFECT OF PLANT POWDERS AND ACTELLIC DUST

ON PERCENTAGE WEIGHT LOSS CAUSED BY C.

MACULATUS IN COWPEA STORED FOR 12 WEEKS.

The effect of plant powders and actellic dust on

percentage loss in weight of cowpea seeds stored for 12 weeks
are shown in Table 9. The ANOVA (Appendix 9) shows that there



Table 9: Effect of plant powders and actellic dust on percentage weight loss of cowpea seeds at 12 weeks
post treatiment.

Cuncentration {grauns) per 100 grams of Cowpea Seeds (witfwd)

Plant powders cone.

Treatments 2.5z 5.0y 10.0g Chemical Means
Actellic DustF# 3.08 8.33 6,90 14.53
(3.07hed) (2.87¢d) (2.70he} (3.66h¢)
Neem Seed Powder 2.39 2,39 I.16 10.34
{1.69d} (1.69d) {1.23¢) {2.280)
Lemon Grass Stem 18,86 13.12 12.36 19.94
Powder {4, 19a-d} {3.62a-d) {3.45hc) {4.31ab)
Garlie Bulb Powder 33,40 30.64 12.13 | 27.90
(5.81n) {5.49ab) {3.53ab¢) (5.20a)
Orange Peel Powder  31.23 29.42 1996 19.01
{5.36ab) (5. 19abe) {4.21ab) {5.18a)
Eucalyptus Leat 17.56 8.48 6.13 16.90
Powder {4.23abe) (2.96cd) {2.57hc) {3.93ah)
African Curry Leal 8.72 6.76 6.19 14,27
Powder (2.97¢d) {2.58d} {2.37bey {3.47h¢)
Hyptis Leal Powder (3.1 10.99 8.89 17.10
{3.67a-d) (3.30bcd} {3.06be) {4.0ab)
Neom Loafl Powder 1747 13.64 10.82 19.25
{4.17a-d) (3.75a-d) (3.36bc} {4.3{ah}
Onivn Leal Powder 17.62 16.04 14.20 20.82
14,2 2alw) {4.06a-d) {1.78ab) {4.51ab)
Contro! (0.0) 35.42 A5.42 35.42 -
{5.98a) {3.984) {5.98) -
LSD x DMRF (0.1} 2.52 2.52 2.52 .40
ConcentratinnMeans  3.94b 3.55b 3.03b 5.98a (Control)
LSD {(P<0.01} .44 ° 1.44 1.44 | 1.44

** Concentration of Actellic dust (g 1.¢, 2.0 and 3.0
* Means followed by the same lellects) i a columnn are not significantly different at 1.0% level.
* Figures in parenthesis are trangformed {square rool) from original data.

* Horizontal comparison nide for concentration means,
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were significant differences (P<0.01} in welght loss between
treatments, concentrations and the control. The neem seed
powder at all the three concentrations significantly (P<0.01)
reduced the percentage weight loss of cowpea caused by C.
maculatus during the 12 weeks storage period. The percentage
welght losses of cowpea treated with NSP at the three
concentrations were 2.39, 2.39, and 1.16%, respectively.
African curry leaf powder was next to NSP in reducing weight
loss in cowpea as weight losses at the three levels were 8.72,
6.76 and 6.19%, respectively. Actellic dust followed next
with 8.98, 8.33 and 6.90% at low, medium and highest levels
respectively and so on. Table 9 also reveals a similar
pattern of decrease in the amount of cowpea weight loss due to
C. maculatus attack as the concentration of treatment powders
is increased. However, the loss in weight of cowpea between
some concenttrations within a treatment did not differ
significantly. The correlation between percentage infestation
and percentage weight loss (Appendix II) due to
C. maculatus attack was not significant. The percentage
reduction in cowpea weights in all the treatments could be
attributed to a similar reduction in degree of infestation of
the grains. Nevertheless, other factors such as moisture loss
in cowpea during the 12 weeks storage period may also play an

important role in reducing grain weight.
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4.6, EFFECT OF PLANT POWDERS AND ACTELLIC DUST
ON THE VIABILITY OF TREATED COWPEA STORED FOR
12 WEEKS |
Table 10 shows the effect of plant powders and actellic
dust on percentage viability of cowpea grains after 12 weeks
of storage. All the protectants had no significant adverse
effect on the viability of cowpea seeds after 12 weeks of
storage. The differences in the percentage viability
between the treatment levels and the control were highly
significant (P<0.01) but insignificant (P>0.01) within the
treatments (Appendix 10). i
Cowpea treated with neem seed powder exhibited a 100%
germination at the three concentrations followed by grains
treated with actellic dust (91.67%, 93.33, 96.67%).
Other plant powders which showed significant percentage
germination of treated cowpea seeds at various concentration
include HLP (90.0-93.33%), LGSP (88.0-91.65%), NLP (88.35-
91.65%) and ACLP (86.67-92.33%). Cowpea germination rate for
the control was 28.35%. i
Cowpea treated with garlic bulb powder had the lowest
percentage germination (61.65%) at the lowest concentration
compared to the other treatment levels but recorded one of the
highest percentage germination (95.0%) at +the highest
concentration due to low bruchid damage (38.67%). There was
a progressive increase in viability of cowpea seeds as the
concentration of the materials is increased. However, high

germination percentages had been obtained using lemon grass
|
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Table 10: Eifect of plant powders and actellic dust on percentage viability of cowpea seeds al 12 weeks
post treatment.

Concentration {grams) per 100 grams of Cowpea Seeds (wi/wi)

Planmt powders conc.

Treatmems 2.5g 5.0g 10.0g Chemical Means

Actellic Dusl®* 9].67 93.23 96.67 77.50
(9.594) (9.67a) {9.86a) {8.43a)
Neem Seed Powder 100.0 100.0 106.0 82.08
(10.02a) (10.02a) (10.02a) (8 67a)
Lemon Grass Stem 88.33 91.67 91.67 75.0
Powder {9.400) 9.60a) {9.59a) {8.30a)
Garlic Bulb Powsler 61.67 66.67 95.0 62.92
{7.824h) {8.19ah) (9.77a) {7.59a}
Orange Peel Powder  65.0 760.67 80.0 62.50
{7.97aly) (8.72ab) (3.88ah) {7.54u)
Eucalyplux  Lenl  83.33 90.0 91.67 74.58
Powder (@420 {9.50a) {9.59a) {8.274)
Alrican Curry Leal  86.67 §8.33 93.33 417
Powder {4,330 {9.424) {9.68a) {8.264)
Hypus Leal Powder  90.0 91.67 93.33 75.83
(5. 510) {9.59%a) {9.68a) {8.34a)
Neem Leaf Powder 83.33 20.0 93.33 75.0
(0419 (9.50a) {9.68a) (8.304)
Cnion Leaf Powder  81.67 33.33 88.33 70.42
{8.97a) (9.13a) (9.38a) {8.02a)
Comntred (0.0) 2833 28.33 28.33 -
{4.539h) {4.59h) {4.59b) -
LSD x DMRF (0.01) 4.33 4.33 4.33 2.48
ConcentratienMeans (9. 14a) {9.330) {9.61a} | (4.59h} (Controh
LSD (P<0.01) 2.47 2.47 2.47 ‘ 247

#ik Conpcentration ot Actellic dust () 1.0, 2.0 and 3.0

F Muans followed by the same letteris) ina column are ool signiheantly different at 1.0% level,
#* Figures i parenthesis are transformed {square root) from original data,

* Haorizontal comparison made for concentration means.

= Numbuer of seeds used = 20
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products (Dike and Mbah, 1992); neem seed o0il (Das and Karim
1986) ; neem seed powder and ©il (Usman, 1991), pirimiphos
methyl (Taylor and Evans, 1980; Caswell and Akibu, 1980).
Other treatments with lower germination percentage (although
higher than the control) included Onion leaf powder (81.67,
83.35, 88.33%) and orandge peel powder (65.0, 76.67, 80.0%) for
low, middle and highest concentrations in that order. The
apparent poor performance observed in cowpea seeds treated
with garlic bulbk, Onion leaf, orange peels, was probably due
to low concentration of the materials used. In addition, the
hygroscopic nature as well as reduction in the strong aromatic
fragrance of some of the powders (e.g garlic) overtime may
have affected their potency and therefore loss of protection
of cowpea seeds. |

However, this experiment has shown that NSP, ACLP, LGSP,
AD, ELP and GBP (at the appropriate level) can be used to
protect stored cowpea grains against C. maculatus for 12 weeks
without loss of viability. j
4.7. EFFECT OF PLANT POWDERS AND ACTELLIC DUST

ON QUALITY OF COWPEA GRAINS AFTER 12 WEEKS OF
STORAGE ’|

The effect of various plant powdefs and actellic dust on

grain quality after 12 weeks of storage is varied between the

protectants and their concentrations.

The guality aspects of the grain under consideration
include grain colour (degree of mouldiness or taintiness or

freshness), texture (pittiness when touched) and evidence of
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any change in taste of the cooked grains. These conditions of
the grains determine market appeal and consumer acceptability
of the produce. 1

The results indicated that cowpea seeds treated with NSP,
AD at lower concentrations and ACLP, GBP, LGSP, ELP at higher
concentrations had good quality grains (Table 11) as they
remained fresh without any evidence of discoloration or
pittiness. Poor gquality grains due to heavy infestation by
bruchid were observed in NLP, OPP, HLP and ONLP treated grains
particularly at lower concentration, similar to the control.
These grains caved in when pressed between two fingers and
there was evidence of mouldiness in them.

On grain palatabkility (Table 11) seeds treated with ACLP,
GBP, LGSP, ELP at the highest concentration and NSP, AD at the
middle concentration showed no retention of the product’s
characteristic odour (flavour) after cooking. Grains observed
to have "poor" ratings in palatability assessment similar to
the control {check) were those treated with ONLP, HLP, OPP and
NLP particularly at lower concentrations.

NSP and AD at the highest concentration (10.0g and 3.0g
per- 100g cowpea seed respectively) imparted a bitter taste to
the meal, probably due to the presence of high concentration
of their active principles in the grains. Therefore, for
acceptability, the concentration of neem seed products and
actellic dust may not exceed the middle course. Ivbijaro
(1990) and Niber (3995) reportged that neem seed oil had

bitter taste and smell contrary to the findings of Ogunwolu
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and Odunlami (1996). Dike and Mbah (1992), Dike and Mshelia

(1996) reported that lemon grass and Eucalyptus products

respectively had no deleterious effects on the seed coat
colour, texture and palatability of treated cowpea grains
after eight weeks of storage, similar, to the findings in this

study.
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CHAPTER FIVE

5.0 SUMMARY AND CONCLUSION
The major storage pest of cowpea 1s the bruchid,

Callosobruchus maculatusg., Losses of stored cowpea due to these

beetles in northern Nigeria alone is estimated at over 37 per
cent. Viability of the grains is drastically reduced when
three or more beetles feed in a seed)

2 number of measures are being taken to curb bruchid
menace on stored cowpea. Application of synthetic insecticides
(for example, Actellic dust) is by and large the commonest and
quickest methed of achieving control. However, the use of
these insecticides, though, effective, possibly results in
problems ¢f harmful residues, pest resistance and resurgence.
In addition, synthetic insecticides Lre very expensive, and
readily available at the critical period of need. This has
therefore made it more expedient to explore local alternatives
to synthetic insecticides. 5.

Phytochemical and inert substances (like ash and sand)
are being screened to control bruchid in stored cowpea. In
this trial, plant materials used were powders of neem seeds
and leaves, lemon-grass stems, garlic bulbs, African curry

leaves, African bush tea leaves (Hyptis sp), orange peels,

Eucalyptus and onlon leaves. Actellic dust was used as a

check. The trial was conducted in the storage entomological
laboratory of Crop Protection Department, Institute for

Agricultural Research, Ahmadu Bello University, Samaru-Zaria.
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The results on percentage wortality of bruchid in 24
hours showed that the highest mortality (100%) was achieved on
cowpea treated with the highest amcunt of actellic dust and
thus performed better than the plant materials as a fast knock
down insecticide. However, this concentration (3.0g9 w/w) is a
unit higher than the recommended dosage (2.0g w/w). Whether
this marginal increase in protection of cowpea would justify
the cost of additional unit of actellic dust over the
recommended dosage was not estalklished. However, the higher
dosage is 1likely to increase residue problem and may not
appeal to the consumer as observed in this study.
in comparing the plant powders, it was observed that the
highest bruchid mortality (65.0%) within 24 hours occurred in
cowpea treated with the highest concentration (10.0 g per 100
g cowpea seed) of African curry leaf powder. This was followed

by neem seed powder (46.67 per cent); Eucalyptus leaf powder

(46.65 per cent). The lowest bruchid mortality (1.67 per cent)
within the same period was recorded in cowpea treated with the
lowest amount (2.5g w/w) of African bush tea leaf (Hyptis sp.)
powder. The mode of action of these botanicals in effecting
"the observed high mortality of C.maculatus within a short time
(24 houré) in treated cowpea seeds is suggested to be
biocchemical rather than physical since it is known that the
active components of some of these phytochemicals affect
certain vital physiclogical systems of the insect.

This situation was different at 48 hours post treatment
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where neem seed powder performed better than African curry
leaf powder by recording 93.33 per cent bruchid mortality as
against 80.0 per «cent for the latter, at the same
concentration (10.0g w/w). The lowest mortality (15.0 per
cent) within 48 hours was observed on cowpea treated with
African bush tea and neem leaf powders, each at the lowest
concentration (2.5g w/w). The result further indicates that as
the gquantity of materials is increased, the percentage bruchid
mortality also increased. Throughout these periods (24 and 48
hours) there was no mortality observed in the contreol. The
ANOVA tables (Appendix 1-3) show that the differences between
the treatments and the control on one hand and amongst the
treatments on the other were highly significant (P<0.01).

In conclusion, it has been shown in this study that
Actellic dust, African curry leaf, neem seed, garlic bulb,

Eucalyptus leaf and lemon grass stem powders can be used to

achieve high mortality of C. maculatus within 48 hours (which
reportedly is the peak of oviposition) mainly at the highest
‘concentration. Some workers had also recorded high mortality
rate of €. maculatus at the highest ancentration of plant
materials used. However, the relative ineffectiveness of
orange peel, African bush tea, neem leaf and Onion leaf
powders to ensure high mortality of cowpea beetles within this
period could be attributed to low levels of the powders used,

and partly due to the volatilization of the active principles

particularly in garlic, lemon-grass and Eucalyptus, (which may
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be in small amount in the plants) during the drying and
grinding processes of the materials. |

On oviposition and progeny control, neem seed powder,
gave the highest control followed by actellic dust, African
curry leaf, lemon grass stem, neem leaf and garlic bulb
powders. 100 percent inhibition of adult beetle population
build-up was achieved at the highest level of neem seed powder
applied probably due to infertility of the eggs laid by the
parental females. The nature of the sterilizing effect of
neem seed powder on bruchid eggs is not known. However, this
particular mode of action of neem product offers great
prospects for the management of cowpea bruchids in third world
countries. The findings showed that actellic dust, neem seed,
African curry leaf, garlic bulb, Bucalyptus leaf, lemon grass
stem and neem leaf powders can effectively reduce oviposition
and progeny emergence of bruchids on treated grains thereby
protecting seeds from heavy damage. Thus, the application of
these plant powders at the appropriate concentrations {(5.0g
and 10.0g w/w) gave highly significant decreases in the number
of eggs laid as well as on the emergenée of progenies.

The result of the percentage grain damage by bruchid
showed that the lowest grain damage {0.0%) and weight loss
were recorded on cowpea treated with the highest level of neem
seed powder. Similarly, the highest grain damage and weight
loss were observed on garlic bulb (72.0%) and Orange peel

powders {31.23%), respectively, both at the lowest
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concentration. A similar trend of decreasing level of damage
and weight loss were observed as the amount of plant powders
increased. The apparent poor performance of garlic bulb and
lemon grass stem powders relative to neem seed and African
curry leaf powders with regard to these parameters may be
attributed to the caking nature of their powders which
resulted in loss of potency over time. Onion leaf powder
performed least amongst the plant powders in all the
parameters investigated but was better than the control.

Seed viability was not adversely affected by the
treatments. The result showed that negm seed powder at all
levels gave 100 per cent seed germination when compared with
actellic dust (96.67 per cent), African curry leaf, neem leaf
and African bush tea powders each with 93.33 per cent
germination at the highest level after a period of three
months storage. Other plant powders with over 90 per cent
germination at similar level (10.0g w/w) included lemon grass
stem, garlic bulb and Eucalyptus leaf powders. However, onion
leaf and orange peel powders recorded less than 90 percent
germination. The control had only 28.35 percent grain
viakility showing a great deal of damage of the seeds.

On grain gquality and taste, the seeds were largely
unaffected by the materials applied. However, some dgrain
samples were rated as poor at some treatment levels either due

to slight coating of the grain testa by o0il films from the

plant material {(e.g neem seed), damage of the grains or
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flavour emanating from chemical constituents of the materials
(e.g neem pryoducts and actellic dust). Onion leaf powder
treated cowpea had poor taste similar to the control due to
heavy insect damage. !

In the light of the above findings, it is evident that
some materials (e.g NSP, AD, and ACLP) are better than others
(e.g LGSP, GBP. ELP, NLP, OPP, ABTP (Hyptis sp) and ONLP) for
control of bruchid on stored cowpea. For some plant materials,
application of plant powders at levels between 5.0g and 10.0g
w/w would be effective to control cowpea bruchid while higher
doses may be required for others (e.g GBP, ABTP, LGSP, ELP,
etc). Thus, it is suggested that experiments with higher
levels of powders be conducted to establish the optimum rates
of application of these materials. However, increasing the
weights of these powders for possible effectiveness may lead
to an increase in the weight of the cowpea bag beyond 100 kg
which may hinder consumer acceptability of the treated cowpea.
Furthermore, since, some powders performed better than or as
well as the synthetic insecticide (actellic dust), which is
more expensive, unavailable at critical periods and which may
also pose a health hazard to animals, efforts should be made
to exploit these botanicals and to adopt the technology for
seed dressing purposes for the benefit of the rural farmers
and the entire population at large. The powders investigated
in this study are unlikely to pose any health hazard in view

of their ethno-medicinal importance. Considering the present
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prices of synthetic insecticides, application of botanicals to
cowpea for storage would be less expensive prophylactic
measure for control of C. maculatus and probably other storage
insect pests of crops. The results obtained in this trial
should stimulate further interest in the search for and
screening of other natural plant products with insecticidal
potentials with the ultimate aim of isolating, identifying and
extracting the active principles for formulation of low-cost
botanically based pesticides. |

In the savanna region of QNigeria where  these
investigations were carried out, all the plant materials are
readily available in large gquantities and are cheap, which
make them suitable for low-input agriculture practised by

small-scale farmers.
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Appendix 1: Analysis of variance for the effect of
plant powders and actellic dust on
mortality of adult C. maculatus Fab.
within 24 hours post treatment.

Source of DF SS MS F
Variation

Levels 3 463.085 154 .362 92.465%%
Chemicals 9 3313.287 34.810 20.852%*%
Levels X 27 111.067 4.114 2.464%%
Chemicals

Residual 78 130.214 1.669

Total 117 1917 . 653

** Highly significant

Appendix 2: Analysis of variance for the effect of
plant powders and actellic dust on
mortality of adult C. maculatus within 48
hours post treatment.

Source of

Variation DF Ss MS F
Levels 3 917.248 305.749 282.361%*
Chemicals 9 168.503 18.723 17.290%%*
Levels x 27 260.291 9.640 8.903%%
Chemicals

Residual 78 84,461 1.083

Total tha Iy 4 1435.543

** Highly significant



Appendix 3:

29

Bnalysis of variance for the effect of plant
powders and actellic dust on mortality of

Adult C. maculatus within seven days post
treatment.
Source of DF SS MS | F
Variation
Levels _ 72.161 24.054 163.739%%
Chemicals 9 527.447 58.605 398.941%%*
Levels of 27 175.816 6.512 44 .327%%*
Chemicals
Residual 78 11.458 0.1469
Total 117 786.701

*%* Highly significant

Appendix 4:

Analysis of variance for the effect of plant
powders and actellic dust on oviposition of C.
maculatus at 15 days post treatment.

Source of Variation DF 55 MS F

Levels 3 942728.9 314243.0  503.022*%
Chemicals 9 39699.2 4411.0 7.061%*
Levels x Chemicals 27 17794.9 659.1 1.055MN
Residual 78 48727.4 624.7 |
Total 117 1048950.4

** Highly significant

NS = Not Significant (P>0.01).
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Appendix 5: Analysis of variance for the effect of plant
powders and actellic dust on Fl1 progeny
development of C. maculatus at four weeks post
treatment.

Source of Variation DF Ss MS F

Levels 3 125 955 41.985 66.638%%
Chemicals 9 308.663 34.296 54.434%%
Levels x Chemicals 27 114.966 4.258 6.758%%
Residual 78 49.143 0.630

Total 117 598.727

** Highly significant

Appendix 6: Analysis of variance for the effect of plant
powders and actellic dust on progeny
development of C. maculatus at eight weeks
post treatment.

Source of Variation DF SS MS F

Levels 3 2337.104 779.035 128.596%%
Chemicals 9 516.672 57.408 9.476%%
Levels x Chemicals 27 192. 102 7. 15 1.174 NS
Residual 78 472.524 6.058

Total 117 3518.403

** Highly significant

NS = Not significant



101

Appendix 7: Analysis of variance for the effect of plant
powders and actellic dust on F3 progeny
development of €. maculatus at 12 weeks post

treatment. f
|

Source of Variation DF sSs MS F
Levels 3 2722.486 907.495 239.149%%
Chemicals 9 1293.270 143.697 37.868%%
Levels x Chemicals 27 554.722 20.545 5.414%%
Residual 78 295.986 3.795
Total 117 4866.463

** Highly significant |

Appendix 8: Analysis of variance for the effect of plant
powders and actellic dust on pecentage cowpea
damage by C. maculatus after 12 weeks post

treatment.
Source of Variation DF 55 MS F
Levels 3 189.437 63.146 26.537%%
Chemicals . S 275.899 30.655 12.883*%
Levels x Chemicals 27 99.805 3.696 1.553
Residual 78 185.602 2.380
Total 117 750.743

*% Highly Significant

NS = Not Significant (P>0.01).
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Appendix 9: Analysis of variance for the effect of plant
powders and actellic dust on percentage loss
in weight of grains after 12 weeks of

treatment.
Source of Variation DF 8s MS F
Levels 3 134.144 44.715 53.081%%
Chemicals : 9 79.013 8.779 10.422%%*
Levels X Chemicals 27 20.224 0.749 0.889N
Residual 78 65,706 0.842
Total 117 299.087

** Highly significant ' . !

NS = Not Significant at P>0.01 or P>0.05.

Appendix 10: Analysis of variance for the effect of plant
powders and actellic dust on grains viability
after 12 weeks of treatment.

Source of Variation DF SS MS F

Levels . : 3 516,134 172.045 69.,.236%%
Chemicals 5 9 13.754 1.528 0.615M
Levels x Chemicals 27 9.944 0.368 0.148N
Residual 78 193.822 2.485

Total 117 733.654

*%* Highly significant i

'NS = Not Significant at P>0.01 or P>0.05,
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Appendix 12:

materials used in the trials.
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i .
Determination of moisture contents of various plant

S/No  Materials Wet Oven % M.C. Average
T Weight Dried M.C.
(9) Weight (%)
, (9)
1. Eucalyptus Leaf 12.85 12.60 1.95) 2.13
Powder o 13.00 12.70 2.31)
2. Lemon Grass Stem 33.45 32.20 3.74) 3.38
Powder _ 28.15 27.30 3.02)
3. Neem Seed Kernel » 18.60 18.25 1.88) 2.03
Powder 18.40 18.00 2.17)
4, Neem Leaf 8.60 8.40 2.33) 2.46
Powder : 8.50 8.28 2.59)
5. Hyptis sp. Leaf 6.40 6.05 5.63) 4.94
' Powder ' 5.90 5.65 4.24)

6. Ocimum sp. Leaf 6.51 6.45 0.92) 1.83
* Powder 7.30 7.10 2.74) _
7. Garlic Bulbs 106.90 47.35 55.71) 56.09

Fowder 107.02 46.60 56.46)
8. Orange Peel 15.52 15.15 2.38) 2.98
Powder } 15.40 14,85 3.57)
9. Onion Leaf 86.80 8.35 9.74) 9.68
- Powder _ 105.70 10.30 9.62)
10. Sampea-7 (Cowpea Seeds) 93.54 88.80 5.070 5.47
89.40 84.15 5.87)
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Appendix 13: Average Monthly Laboratory temperatures and
Relative Humidity From January to December, 1995
and 1996

Temperature Average R/Humidity
Average %

Months/Year Min®™ Max™ (%)

Jan. ,; 795 10:5 28.2 26.30

Feb. 13.3 305 24 .05

Mar. 18.4 35.8 28.05

Apr. 19.4 36.2 36.10

May . 17.0 34.2 56.25

Jun. 156 31.4 60.80

Jul. .4 29.8 72.0

Aug. 20.1 28.7 72.0

Sep. 20.4 29.9 75,55

oct. 19.0 32.0 64 .45

Nov. 15,86 28.4 40.35

Dec. 14.1 32.8 20.85

Average 17.06% 31.49% 48.65%

Temperature Average R/Humidity Average

Months/Year Min“C Max“C %

Jan., 796 103 32.3 20.05

Feb. 17.0 33.4 20.35

Mar. 20.8 377 31.20

Apr. 23.0 27.4 43,75

May . 21.8 34.2 58.40

Jun. 19..5 30.2 70.05

Jul. 19,0 277 69.95

Aug. 20.8 2757 80.85

Sep. 1950 30.1 75:'55

Oct. 18,5 31.4 60.30

No&. 13.1 30.5 23.35

Dec. 11.7 3216 16.85

Average 17.88% 31.27%* 47.55%




