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Abstract

The use of synthetic insecticides to control stored product insects causes various health and Ecological
challenges to man. Therefore, there is a need for alternative formulations like plant materials with the
least possible side effects for the effective control of cowpea bruchid, Callosobruchus maculatus
(Fabricius), a cosmopolitan pest of pulses. This study evaluated the efficacy of insecticidal dust
formulations using three botanicals (Piper guineense, Dennettia tripetala and Ocimum gratissimum),
three excipients (rice bran, maize husk and cowpea pod husk), admixed at ratios 70:30, 60:40, 50:50,
40:60 and 30:70 botanical to an excipient, for the control of C. maculatus. Four particle sizes (212, 300,
500 and 1000 um) applied at dosages of 0.1- 0.5 g / 20 g cowpea seeds were assayed and untreated
cowpea seeds served as controls. Ten C. maculatus adults (sex ratio 1:1) were used to infest the treated
and untreated cowpea seeds separately in Petri dishes. Data were collected on mortality, Oviposition, F1
progeny emergence and damaged cowpea seeds. The data were subjected to analysis of variance and
means were separated with Least Significant Difference at a 5% significance level. All dosage ratios of
the formulated dusts caused significantly (p< 0.05) higher mortality of bruchids, reduced the number of
laid eggs, F1 progeny emergence and damaged cowpea seeds due to C. maculatus infestation. Regardless
of the assayed botanical, 212 pm particle size was outstanding and the formulation ratio of 70:30
(botanical: excipient) was significantly (p< 0.05) better than other formulation ratios. The formulation
with P. guineense with any excipient at 0.5 g/ 20 g cowpea seeds using 212 um was superior to other
formulations as cowpea protectant against C. maculatus. Therefore, it is recommended as an alternative
to over-dependence on synthetic insecticides.

Keywords: Callosobruchus maculatus, cowpea seed damage, Dennettia tripetala, formulations, Ocimum
gratissimum, Piper guineense

Introduction

Cowpea possesses health benefits, with protein contents of about 23-28% and B-vitamins,
making it a suitable component of the diet of many people in the third world countries who, in
most cases, cannot afford to buy other protein sources such as meat and fish [2% 3. 161 |n the
main cowpea growing areas of the tropics, processing the seeds into various edible and
nutritious food forms has been the means of improving the quality of food intake of both
children and adults 241, Incidentally, despite the importance of cowpea as a staple dietary food
in Africa, between 30 and 100% of total cowpea production valued at US 300 million dollars
is either lost or damaged within 3-5 months of storage as a result of bruchid attack (%, The
period of food shortage can mean extreme starvation when food intake may drop below the
level required for normal daily consumption. This is occasioned by the lack of proper storage
facilities and methods with a high rate of depredation of available stored food commaodities by
insects, especially in the developing countries 1% 30 1 Cowpea bruchid, Callosobruchus
maculatus, (Fabricius) (Coleoptera: Chrysomelidae: Bruchinae) is among the major pests of
legumes that cause high infestation both in the field and in storage 42 311,
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Cowpea grains stored after harvest are the favourite food of
the bruchid, which causes a reduction in weight, the
nutritional value of the grain and the viability of stored seeds
(61 Also, serious contamination of food commodities with
frass, exuviae and dead bruchids alter the biochemical
constituents of the infested cowpea seeds 3],

Although many synthetic insecticides formulated as dusts
such as Pirimiphos methyl are effective protectants of stored
products, they are associated with undesirable effects on the
consumers, animals, non-target organisms and the
environment [5 15 38 121 |n some instances, these synthetic
pesticides outlive their usefulness and are implicated in
human poisoning, environmental contamination and pest
resistance to the pesticides [ 3 3% 12, Consequently, several
studies [ 4 19 28 have indicated the insecticidal potency of
botanical pesticides, which can be produced locally with
cheap materials and simple equipment without causing
pollution to the environment or poison to humans and his
food. For instance, the insecticidal potentials of different
botanical formulations of P. guineense, D. tripetala and O.
gratissimum, against stored product insects have been
investigated by many workers [0 8 31.25],

Powder formulations of botanicals tend to be widely accepted
by resource-poor subsistence farmers since the production of
botanical powders does not involve high technical knowledge.
Apart from the active ingredients, it is necessary to investigate
the fitness of cheaply available plant materials as excipients
for the insecticidal dust formulation. Such excipients are often
thrown away as agro-waste materials, which consequently
constitute ecological hazards due to improper disposal
methods. Therefore, this study was designed to investigate the
efficacy of Piper guineense, Dennettia tripetala and Ocimum
gratissimum admixed with selected agro-based excipients as
protectants of cowpea seeds against cowpea seed bruchid,
Callosobruchus maculatus.

Materials and Methods

Experimental site

The experiment was carried out in the laboratory of the
Department of Crop and Environmental Protection, Faculty of
Agricultural Sciences, Ladoke Akintola University of
Technology (LAUTECH), Ogbomoso, Nigeria.

Cowpea handling and Callosobruchus maculatus culture

The seeds of Ife Brown, a susceptible cowpea variety, used
for the experiment were collected from the Institute of
Agricultural Research and Training, Obafemi Awolowo
University, Ibadan, Nigeria. The seeds were subjected to cold
shock treatment, using a deeper freezer for 32 days in order to
kill any current developmental stage of C. maculatus in the
seed lot %1, The disinfested seeds were removed from the
freezer and exposed to the ambient laboratory condition for
48 hours for acclimatization before using the entomological
bioassay. Callosobruchus maculatus used for this study was
obtained from a colony originating from infested cowpea
seeds obtained from Wazobia Market, Ogbomoso, Nigeria.
The colony was maintained in No. 1 Kilner jars with meshed
lids in the laboratory throughout the period of the study,
following the standard procedure for culturing bruchid 23 341,

Preparation of botanical insecticidal powder

Seeds of Piper guineense Schum and Thonn, fruits of
Dennettia tripetala Baker and leaves of Ocimum gratissimum
Linnaeus were used as the botanicals. They were collected
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from the Forest Research Institute of Nigeria (FRIN) Ibadan,
Nigeria. Authentication of each plant material was done at the
Herbarium of the Department of Pure and Applied Biology,
LAUTECH, Ogbomoso, Nigeria. The seeds of P. guineense
were dried in an oven at 40 °C for 24 h, while fresh fruits of
D. tripetala were dried to a constant weight at a temperature
of 40 °C for 72 h. The leaves of O. gratissimum were air-dried
to constant weight for seven days. Thereafter, the plant
materials were separately ground with a food mill and sieved
to powders of different particles sizes (212, 300, 500 and
1000 pm) using British standard sieves. The plant powder
types and particle sizes were separately put in well-labeled
plastic containers with tightly fitted lids and kept under
ambient laboratory conditions until use.

Preparation of excipients

The excipients which acted as carriers to the botanical
powders were made from dry rice (Oryza sativa L.) bran, dry
maize (Zea mays L.) husk and dry cowpea (Vigna unguiculata
L. Walp) pod husk. Each excipient material was obtained
from Wazobia Market, Ogbomoso. Each excipient was dried
in an oven at 40 °C for 24 h and subsequently pulverized
separately with a food mill and sieved in order to obtain
powders of different particle sizes (212, 300, 500 and 1000
pum) as used for the botanicals. The milled excipients were
subsequently kept in well-labelled plastic containers with
tightly fitted lids in the laboratory under ambient conditions.

Formulation of botanical insecticide

The formulation was made from already prepared botanical
insecticidal powders and the excipients. Formulated mixtures
of ratios 30:70; 40:60; 50:50; 60:40 and 70:30 percent
botanical powder to excipient were made. The particle sizes
for the constituents of each formulation were the same. Each
formulated botanical-excipient dust was put into a separate
labelled plastic container with a tightly fitted lid and kept on
the shelf under ambient laboratory conditions, until used for
the entomological bioassay.

Experimental bioassay

The experiment was conducted under ambient temperature
(28+2 °C) and relative atmospheric humidity (67+3%) in the
laboratory. The formulated dusts from botanicals and
excipients as stated above, were tested at the rate of 0.1, 0.2,
0.3, 0.4, and 0.5 g/20 g cowpea seeds; while the untreated
seeds served as controls. Ten teneral bruchids (sex ratio 1:1)
were introduced into each of the treated and untreated
(control) cowpea seeds in 8.5 cm diameter Petri dishes with
lids. The experiment was replicated five times. Data were
collected on adult mortality at 24-72 hours after treatment
(HAT), oviposition at 3 days after treatment (DAT), F1
progeny emergence and cowpea seeds damaged by C.
maculatus at 28 DAT.

Experimental design and statistical analysis

The experiment was arranged in a completely randomized
design and the data were subjected to analysis of variance
using SAS Software Package. Significant means were
separated with the least significant difference at a 5%
significance level.

Results
All the doses of P. guineense significantly (p< 0.05) caused
higher mortality of the bruchids throughout the periods of
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observations and inhibited the number of eggs laid, number of
F1 progeny emergence and the number of holes bored on
cowpea seeds due to C. maculatus when compared with the
control. Application of P. guineense at 0.5 g/20 g seeds
consistently caused the highest mean number of bruchid
mortality at all observations (5.37, 6.70, 7.68, 8.41 and 8.79 at
24, 36, 48, 60 and 72 HAT, respectively) while the control
steadily resulted in the lowest mean number of dead bruchids
(0.17, 0.19, 0.20, 0.20 and 0.21, respectively). The control
experiment recorded the highest mean number of eggs laid
(107.07), emerged F; progenies (75.51) and a number of
bored holes on cowpea seeds (81.91). At the same time, the
application of P. guineense at 0.5 g/20 g seeds resulted in the
lowest mean number of laid eggs, emerged F; progenies and
number of bored holes on cowpea seeds (20.99, 7.61 and
12.70, respectively) (Table 1).

The excipients had a significant (p< 0.05) effect on the
mortality of the bruchids throughout the study period. It
however had no significant effect oa n number of laid eggs by
the female bruchids but significantly influenced the number of
emerged F; progenies and the number of holes bored on
cowpea seeds (Table 1). The highest mortality observed in the
excipients at 24, 36, 48, 60 and 72 HAT (2.98, 4.09, 4.92,
5.58 and 6.11, respectively) was observed in cowpea pod
husk. All other parameters were not significantly affected by
the excipients. Particle size 212 pum recorded the highest
bruchid mortality in all the times of observations between 24
and 72 HAT (3.64, 5.11, 5.98, 7.11 and 7.69, respectively),
while particle size 1000 pm recorded the lowest bruchid
mortality (2.29, 2.99, 3.47, 3.95 and 4.36, respectively) in the
same periods of observations (Table 1). Similarly, particle
size 212 pm recorded the significantly lowest mean number
of eggs laid, emerged F; progenies and number of holes bored
on cowpea seeds (24.96, 14.15 and 23.66, respectively). In
contrast, particle size 1000 pum resulted in the highest mean
number of holes bored on cowpea seeds, emerged F; and
number of eggs laid on cowpea seeds by female cowpea
bruchids (23.66, 14.15 and 24.96, respectively).

The formulation ratio 70:30 formulation of P. guineense to
the excipients recorded the highest mortality of bruchids at
24, 36, 48 and 60 HAT (3.86, 5.06, 5.68 and 6.16,
respectively) except at 72 HATthe where raof tio 50:50
recorded the highest mortality (6.62). It was observed that
formulation ratio 30:70 resulted in the significantly highest
number of eggs laid (67.25) while ratio 70:30 recorded the
lowest mean number (34.28). The formulation ratio 70:30
recorded the lowest mean number of emerged F; progenies
and lowest mean number of holes bored on cowpea seeds
(17.96 and 21.28, respectively) which was significantly lower
than the values obtained in other ratios except for 60:40 for F;
progeny emergence (Table 1).

For the D. tripetala-based formulations, its application at 0.5
g/20 g seed consistently recorded the highest mean number of
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dead bruchid at 24-72 HAT (1.52, 2.18, 2.80, 3.34 and 4.19,
respectively) while the control steadily resulted in the lowest
bruchid mortality (0.00). The control experiment recorded the
significantly highest mean number of laid eggs (116.00),
emerged F; progenies (91.00) mean a number of holes bored
on cowpea seeds (104.37). In contrast, application of D.
tripetala at 0.5 g/20 g seeds resulted in the lowest number of
laid eggs, emerged F; progenies and bored holes on cowpea
seeds (39.21, 25.77 and 32.39, respectively) (Table 2). The
excipients had no significant effect (p>0.05) on bruchid
mortality, the number of eggs laid, emerged F; progenies and
the mean number of bored holes on cowpea seeds. The
particle size significantly (p< 0.05) caused mortality of adult
bruchid, reduced the mean number of eggs laid, emerged F;
progenies and number of bored holes on cowpea seeds. The
lowest mortality at 24, 36, 48, 60 and 72 HAT (0.36, 0.51,
0.75, 1.00 and 1.42, respectively) was observed in 1000 pum
while the highest mortality was observed in 212 pm at 24, 36
and 48 HAT (0.95, 1.52 and 1.96, respectively); while 500
pm particle size caused the highest mortality between 60 and
72 HAT (2.41 and 3.36, respectively). Lowest mean number
of eggs laid, emerged F; progenies and holes bored on cowpea
seeds were recorded in 212 um particle size. The formulation
ratio 70:30 of D. tripetala: excipient evoked highest mortality
at 24, 36, 48, 60 and 72 HAT (0.92, 1.93, 2.65, 3.35 and 4.06,
respectively) while 30:70 recorded the lowest mortality at the
same periods of observations (0.27, 0.44, 0.80, 1.06 and 1.39,
respectively). The lowest mean number of eggs laid, emerged
F1 progenies and number of holes bored on cowpea seeds
(49.04, 37.07 and 42.93, respectively) were also recorded in
70:30 formulation while the highest number of eggs laid,
emerged F; progenies and number of holes bored on cowpea
seeds (74.71, 57.23 and 66.19, respectively) were recorded in
30:70 botanical to excipient (Table 2).

For the O. gratissimum-based formulations, application of 0.5
0/20 g at seeds consistently evoked the highest number of
dead bruchid at 24, 36, 48, 60 and 72 HAT (0.29, 0.79, 1.51,
2.23 and 3.04, respectively) while the control steadily resulted
in the lowest number of dead bruchids. The control
experiment also recorded the highest numbers of laid eggs by
female bruchids, emerged F; progenies and bored holes on
cowpea seeds (130.05, 80.34 and 110.24, respectively) which
were significantly (p< 0.05) higher than the values in other
concentrations (Table 3). The influence of particle sizes on
adult bruchids mortality, number of eggs laid, emerged F;
progenies and number of holes bored on cowpea seeds
followed similar patterns as observed in P. guineense and D.
tripetala-based dusts. The formulation ratio 70:30 recorded
the significantly (p< 0.05) highest mean mortality at 24 36,
48, 60 and 72 HAT (0.21, 0.58, 1.10, 1.67 and 2.28,
respectively), the lowest number of eggs laid by female
bruchids, emerged F1 progenies and number of holes bored on
the treated cowpea seeds (Table 3).

Table 1: Effects of treatment, excipient materials and the formulation ratios of Piper guineense on the mortality, Oviposition, F1 emergence and
hole bored on cowpea seeds by Callosobruchus maculatus

Treatment 24Mortallg)(/3at HOUZZ After 'Iégeatmen;z Number of eggs laid Emerged F1 | Number of holes
Dose (g/20g seed) 0.1 1.41 2.57 3.44 4.46 5.28 58.48 32.52 38.28
0.2 2.37 3.77 4,74 5.68 6.40 48.27 24.07 31.33
0.3 3.49 4,73 5.78 6.65 7.34 38.39 16.54 24.00
0.4 4.49 5.74 6.66 7.59 8.16 28.18 10.50 17.38
0.5 5.39 6.70 7.68 8.41 8.79 20.99 7.61 12.70
Control 0.00 0.00 0.00 0.00 0.00 107.07 75.51 81.91
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LSD | 017 ] 049 [ 020 [ 020 [ 021 | 2.94 1.31 | 1.67
Excipients
Cowpea pod 298 | 409 | 492 | 558 [ 6.11 49.52 28.15 34.51
Maize husk 291 | 396 | 476 | 555 [ 6.01 50.96 27.28 33.52
Rice bran 267 | 371 | 449 | 527 | 588 50.21 28.09 34.76
LSD 012 | 014 | 014 [ 014 [ 015 ns 1.31 1.18
Particle size (um)
212 364 | 511 | 598 [ 711 [ 7.69 24.96 14.15 23.66
300 285 | 422 | 532 | 618 | 6.80 47.10 25.91 31.77
500 264 | 336 | 410 | 462 | 513 62.01 3155 36.79
1000 229 | 299 | 347 | 395 [ 436 66.85 39.85 44.83
LSD 014 | 016 | 016 | 016 [ 0.8 2.40 9.16 1.36
Ratio
30:70 205 | 285 | 339 [ 415 [ 477 67.25 28.83 4711
40:60 248 | 357 | 435 | 494 | 552 52.81 30.09 38.64
50:50 275 | 390 | 493 | 599 [ 6.62 53.78 27.26 31.42
60:40 314 | 423 | 524 | 613 | 656 43.04 25.38 32.85
70:30 386 | 506 | 568 | 616 | 651 34.28 17.96 21.28
LSD 016 | 048 | 0418 | 018 [ 0.20 2.68 9.16 1.52

ns= data not significant at 5% probability level

Table 2: Effects of treatment, excipient materials, particle sizes and the formulation ratios of Dennettia tripetala on mortality, Oviposition, F1
emergence and holes bored on cowpea seeds by Callosobruchus maculatus

Treatment 24Mortalgg at Hou‘{; after Té’gatmentn Numblearicj)f €9gs Emerged F1 Number of holes

Dose (9/20 g seed) 0.1 0.25 0.66 1.05 1.44 1.91 65.34 53.11 59.32

0.2 0.36 0.83 1.33 1.84 2.40 60.51 47.68 54.13

0.3 0.70 1.23 1.79 2.24 2.90 53.73 40.25 46.65

0.4 1.11 1.66 2.24 2.80 3.50 46.28 32.66 39.46

0.5 1.52 2.18 2.80 3.34 4.19 39.21 25.77 32.39

Control 0.04 0.04 0.05 0.05 0.07 116.00 91.00 104.37
LSD 0.60 0.89 1.10 1.34 1.56 1.27 1.21 1.24

Excipients

Cowpea pod 0.70 1.15 1.56 1.91 2.47 63.24 47.67 55.18

Maize husk 0.63 1.07 1.52 1.92 241 63.72 48.54 56.28

Rice Bran 0.66 1.08 1.55 2.01 2.61 63.72 47.86 55.79
LSD ns ns Ns ns ns ns Ns Ns

Particle size (um)

212 0.95 1.52 1.96 2.36 2.81 52.43 35.95 44.07

300 0.77 1.32 1.67 2.02 2.40 58.57 44.62 51.84

500 0.56 1.07 1.78 241 3.36 71.85 56.09 63.79

1000 0.36 0.51 0.75 1.00 1.42 71.38 55.43 63.30
LSD 0.10 0.14 0.18 0.21 0.25 1.42 1.36 1.39

Ratio

30:70 0.27 0.44 0.80 1.06 1.39 74.71 57.23 66.19

40:60 0.56 0.82 1.10 1.41 1.96 71.85 54.62 63.04

50:50 0.73 1.66 1.50 1.90 2.52 65.21 48.92 57.26

60:40 0.83 1.26 1.66 2.03 2.56 56.98 42.29 49.35

70:30 0.92 1.93 2.65 3.35 4.06 49.04 37.07 42.93
LSD 0.11 0.16 0.20 0.24 0.28 1.59 1.52 1.55

ns= data not significant at 5% level of probability

Table 3: Effects of treatment, excipient materials, particle sizes and the formulation ratios of Ocimum gratissimum on mortality, Oviposition, F1

emergence and holes bored on cowpea seeds by Callosobruchus maculatus

Treatment 24Mortallc;[%/ at Hou‘:’g after ngatmentn Numbleari(;)f €995 Emerged F1 Number of holes
Dose (g/20 g seed) 0.1 0.00 0.06 0.30 0.72 1.37 67.99 54.11 62.14
0.2 0.00 0.14 0.60 1.37 2.06 63.25 48.14 56.91
0.3 0.05 0.30 0.88 1.60 2.35 57.12 41.14 50.16
0.4 0.13 0.54 1.25 1.93 2.61 50.22 33.97 43.11
0.5 0.29 0.79 1.51 2.23 3.04 42.80 26.52 34.76
Control 0.00 0.00 0.00 0.00 0.00 130.05 80.34 110.24

LSD 0.04 0.06 0.08 0.16 0.11 1.54 1.24 1.53
Excipients

Cowpea pod 0.08 0.32 0.77 1.26 1.90 69.47 47.91 60.61
Maize husk 0.08 0.33 0.79 1.33 1.89 68.91 47.68 59.11
Rice Bran 0.08 0.27 0.72 1.33 1.93 67.33 46.53 58.64
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LSD | Ns | 005 | 005 [ ns ns | 1.09 | 0.87 | 1.08
Particle size ym
212 0.11 042 [ 097 153 2.12 62.38 39.48 53.10
300 014 | 048 [ 0.99 1.52 2.00 67.17 44.04 58.15
500 0.03 [ 016 [ 054 1.08 1.75 72.37 52.98 63.48
1000 003 | 016 | 054 1.08 1.75 72.37 52.98 63.48
LSD 003 | 005 [ 006 | 0.09 0.09 1.26 1.01 1.25
Ratio
30:70 0.04 | 018 [ 054 1.03 1.66 76.50 47.54 66.57
40:60 0.06 [ 023 [ 0.9 1.22 1.71 7.75 50.98 61.73
50:50 0.04 | 030 [ 0.76 1.24 1.94 68.25 47.76 59.35
60:40 005 | 025 [ 0.70 1.38 1.93 66.49 47.48 57.88
70:30 0.21 0.58 1.10 1.67 2.28 60.88 43.09 52.23
LSD 003 | 006 [ 007 | 011 0.10 1.41 1.13 1.40

ns= data not significant at 5% level of probability

Discussion

Piper guineense, D. tripetala and O. gratissimum powders as
insecticidal ingredients with each of the excipients (cowpea
pod husk, maize husk flour and rice bran powder) protected
cowpea seeds from damage by C. maculatus. The results
agreed with earlier works [+ 31 5 8 35 17. 111 gn the use of
botanicals with insecticidal properties in the control of
cowpea bruchid in storage. The fact that 70:30 insecticidal
material: excipient evoked the highest insecticidal properties
against the bruchid implies that the observed bioactivities
were attributable to the bioactive compounds in the
insecticidal ingredients. It was observed that dosage rate of
0.5 g/ 20 g seeds of cowpea significantly (p< 0.05) recorded
the highest mortality at all periods of observation while the
control recorded the lowest number of mortality. The dose-
and exposure duration-dependent toxicity of the formulated
dusts implies that the bruchids picked up sizeable amount of
the insecticidal dusts in the course of their movements in the
experimental units, since there were no escape routes.
According to Alexander et al. 2 and Bayih et al. [, the
effectiveness of unitary botanical formulations against
Mexican bean weevil, Zabrotes subfasciatus improved with
the increase in dosage rate. Similarly, the toxicity of P.
guineense against Trogoderma granarium was dose- and
exposure duration-dependent 1. The control experiment
(untreated cowpea seeds), however, recorded the highest
number of laid eggs by female bruchids, emerged F;
progenies and number of holes bored on cowpea seeds, due to
the conducive environment in the control experimental unit.
The control (untreated) seeds had no extraneous materials
which could be inimical to the physiological activities of the
bruchids or induce their mortality; hence, the increased
reproduction and damage done to the cowpea seeds by C.
maculatus in the control seeds.

The particle sizes had significant effect on mortality, number
of laid eggs, emerged F; progenies and number of holes bored
on cowpea seeds, with higher mortality, lower oviposition and
progeny emergence and seed damage which were observed in
212 pm than what were observed in 1000 um. In an earlier
study, the powders of Zanthoxylum zanthoxyloides root back
and Azadirachta indica seed applied at particle size of 150
pUm were more insecticidal than more coarse (2 mm particle
size) powder 1. Similarly, Eugenia aromatica and P.
guineense powders applied at 150 pm particle size
significantly inhibited oviposition by female C. maculatus
compared to 300 um particle size powders 28, As postulated
by previous author 18, the dispersion of botanical powder is
affected by the particle size. The finer the particle, the “more
uniformly distributed will the powder be on the grains; hence,

the higher the tendency of the bruchids to pick up the
insecticidal dusts particles. To a large extent, there were no
significant difference in the efficacy of the excipient materials
except in the oviposition of C. maculatus treated with P.
guineense. This shows the potentials of the excipients and the
superior efficacy of P. guineense over D. tripetala and O.
gratissimum. All the excipients inhibited oviposition by
female bruchids, reduced F; progeny emergence, caused adult
mortality and reduced damage on the cowpea seeds, with no
significant differences amongst the formulations. The
observation was in line with earlier studies [*4 2. 17. 26, 111 g
the insecticidal potentials of the plant materials admixed with
leguminous seeds against C. maculatus.

The mechanisms of the reproduction inhibitory actions of
botanical powders against C. chinensis include restriction of
copulation, reduced oviposition by females and less fertile
eggs which led to reduced progeny emergence [71. The
mechanisms for the toxicity of a botanical powder include
abrasion of the insect cuticle by the powder and subsequent
desiccation [* 2%, Besides, the active compounds in each of the
insecticidal plants could be responsible for the observed
bioactivities. Recently, Ashamo et al. [l reported the
insecticidal potentials of rice husk, maize cob, groundnut and
cowpea pods against Sitotroga cerealella, infesting paddy
rice; which suggests that apart from the fact that the
excipients served as the carries for the botanicals, they also
served as synergists. The insecticidal ingredients and the
excipients could block the spiracles and the insects died of the
failure of the respiratory system. Particularly, 212 pm particle
size was fine enough to block the spiracles and induce the
abrasion of the cuticles when the bruchids move within the
experimental unit. Piperine, octadien, glycylsarcosine,
flavonoids, and polyphenols have been identified in P.
guineense; Furanone, Pyridine and Linoleic acid in D.
tripetala while Eugenol and thymol were identified in O.
gratissimum [220:32.33.22. 111 Reduced number of eggs laid was
either due to the fact that the insects died before egg laying or
that the pesticide plants prevented copulation of the insects.
The resultant reduction in the number of F; progeny
emergence implies ovicidal, larvicidal or pupicidal potentials
of the botanicals.

Conclusion

The insecticidal formulation with P. guineense as the active
ingredient with any of the excipients (maize husk flour, rice
bran flour or cowpea pod husk) at particle size of 212 um was
better than other formulations for the protection of cowpea in
storage. Therefore, it is recommended for practical
application. The adoption of this option by the subsistence
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resource poor farmers would be easy since the technical
knowledge (drying and pulverization of the insecticidal
materials and excipients) involved is affordable for the
farmers.
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