
most important among grain storage insect
pests are cowpea bruchid (Callosobruchus
maculatus .), maize weevil (Sitophilus
zeamais Mostch) and red flour beetle
(Tribolium castaneum Herbst). High levels
of infestation (~ 80 %) and associated
damage to cowpea (Vigna unguiculata
Walp), maize (Zea mays L.) and groundnut
(Arachis hypogea L.) during storage justify
their control (Jood et al., 1996; Osuji,
1985).
Most efforts directed at protecting grains

during storage in time past were
concentrated on the use of synthetic chemi-
cal insecticides. However, apart from
their prohibitively high costs and non-
availability to the peasant farmers in
Nigeria (who are also untrained in handling
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ABSTRACT. Laboratory bioassays were conducted to investigate the effects of the
powder, aqueous and ethanol extracts of Tephrosia vogelii Hook leaf on Sitophilus
zeamais Motsch (Curculionidae), Callosobruchus maculatus F. (Bruchidae) and
Tribolium castaneum Herbst (Tenebrionidae) in the laboratory at 30 ± 1 -c and 70 ± 2 %
RH. Mortality data were recorded and probit analysis run to determine the toxicity of the
various formulations. The results showed that the extracts were more toxic to each of the
test insect species than the leaf powder. The LCso values obtained for the powder were
10.13 glkg for C. maculatus; 19.82 glkg for S. zeamais and 6.85 glkg for T castaneum.
The LCso values obtained for the ethanol extract were 0.037 g/L for C. maculatus, 0.071
glL for S. zeamais and 0.08 glL for T castaneum while for the aqueous extract the LCso
values were 1.209 glL for C. maculatus, 0.744 g/L for S. zeamais and 2.025 g/L for T
castaneum. C. maculatus was the most susceptible of the three test insect species to the
ethanol extract. The results indicate that T vogelii leaf products could be used to protect
cowpea, maize or groundnut against C. maculatus, S. zeamais and T castaneum
infestation during storage.

INTRODUCTION
Both quantitative and qualitative losses

ansmg from physical, chemical and
biological factors (e.g. fungi, rodents,
birds, and insects) occur during storage of
grains. Insects are the most important
among storage pests because, apart from
their direct damage, they create conditions
that allow secondary infection by rot
organisms mainly fungi (Agrawal et al.,
1988; Oke and Muniru, 2001). Once
infestation is established, insect pests cause
gradual and progressive damage leading to
losses in weight, nutritional, organoleptic
and aesthetic quality of stored grains. The
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100 watts bulb, which provided a
temperature of approximately 42°C, before
pulverization in a Binatone® blender
(model No BLG 400). The powder was
passed through sieve of 0.1 mm mesh size
to standardize particles.
The leaf powder (500g) was soaked for

24 hr in 1 L of water or ethanol and filtered
through Whatman No 1 filter paper (15 ern
diameter). The filtrate was stored in
labelled Kilner® jar while the residue was
re-extracted .with water or ethanol. The
pooled aqueous filtrate as well as ethanol
filtrate were then dried over water bath at
50 DC The residue served as crude active
ingredient.
Actellic dust (containing 2.0 %

pirimiphos-methyl), a common synthetic
insecticide used for protecting stored grains
from insect attack in Nigeria, was also
used.
Culture of Insect Species
Starter cultures of each of C maculatus,

S. zeamais and T castaneum were obtained
from the insectary of Nigerian Stored
Product Research Institute (NSPRI),
Abule-Oja, Lagos. Fresh culture of each
test insect species was prepared from the
original stock as described below and kept
in the laboratory at 30 ± 1 -c temperature
and 70 ± 4 % RH.
Cowpea seeds and maize grains were

disinfested by picking out those with
~erforations and heating in the oven at 50
C for 5 hr. Cowpea seeds and maize grains
were weighed into separate clean 1L
Kilner® jar with screw cap. The cowpea
was infested with two male and five female
adult C maculatus, while the maize was
infested with five male and five female S.

MATERIALS AND METHODS zeamais which were 7 - 14 days old. All
Test Plant adults were removed from the cultures after
Leaves of T vogelii were obtained from 7 days. New adults that emerged from

Epe, Lagos State. The leaves were first The jars were used for test or used to raise
dried slowly for 14 days in a wooden more cultures. Tribolium castaneum culture
cabinet (1.0 m X 0.5 m X 1.0 m) fitted with was established on 500g of disinfected

them), synthetic insecticides have other
limitations including their residual effects
on the stored grains, persistence, pest
resistance, and deleterious effects on non-
target organisms (Elhag, 2000; Kumar,
1984).
These limitations necessitate the

continuous search for new insecticides with
novel mechanism of action (Don-Pedro
1996). In this regard, many scientists are
screening natural products, particularly of
edible . plant species, as sources of
degradable insecticides safer to man and
the environment (Don-Pedro, 1984; Don
Pedro, 1985; Golob and Webley, 1980),
and more easily and cheaply produced as
crude or partially purified extracts
(Rahman and Talukder, 2006).
Tephrosia vogelii Hook (Leguminosae) is

traditionally used for fishing. Fishermen
beat the leaves to pulp and throw into
creeks to paralyze fish (Grieve, 1985;
Oliver-Bever, 1986). The toxicity of
extracts from T vogelii has been
demonstrated against African catfish
(Denloye et al., 2004) and against the
beetle Caryedon serratus (01.) {Delobel
and Malonga, 1987}. There is-a dearth of
information on the plant's potency against
other coleopterous storage pests. The
present investigation was aimed at
demonstrating the toxicity of powders as
well as ethanol and aqueous extracts of T.
vogelii against three principal storage
beetles, namely, Callosobruchus
maculatus F. (Bruchidae), Sitophilus.
zeamais Motsch. (Curculionidae) and
Tribolium castaneum Herbst
(Tenebrionidae)
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broken groundnut admixed with table yeast
in the ratio 10: 1 (wt/wt). Ten 7 -to 14-day
old adult's of mixed sexes were introduced
into each jar and were removed after 7
days.
Bioassays
Effects.of leaf powder, aqueous and

ethanolic extracts of T. vogelii on test
insect species
Twenty active adults of mixed sexes of

C. maculatus (l-toc-day old), S. zeamais
and T castaneum (l-to t-day old) were
introduced to disinfested grains admixed
with leaf powder at the rate of 20 g or 200g TF = 48hr LCsofor other speciespowder per kg of grain in 200 ml
disposable plastic cups covered with
muslin. Each treatment, including control
(grains not admixed with leaf powder), was Evaluation of the rate of loss of
replicated three times. Mortality was bioactivity of T. vogelii ethanol extracts
quantified at 48 hr after each treatment against adult C. maculatus on cowpea
(HAT). Insects were counted dead when grains
they failed to move any part of the body in Undamaged cowpea grains (40) were
response to probing the exposed abdomen treated by dipping in five concentrations
with fine brush. (0.02, 0.04, 0.08, 0.16 and 0.32 g/L) of
Similar experiments as described above ethanol extract of T vogelii leaf, and

were carried out, but this time 40 grains allowed to drain on filter paper for 5 min
were dipped for approximately 30 .sec in before transferring into bioassay
19/L of water extract of T. vogelii leaves as containers. Four sets of treated seeds and
well as in O.Olg/L or 0.5 g/L of ethanol control (seeds treated with only ethanol)'
extract. The untreated controls had grains were prepared and infested with 10 adults
dipped in water or ethanol. All treatments of C. maculatus (mixed sexes and not older
including controls were replicated."three than 3 days) immediately after treatment or
times. Insects were assessed for mortality at 12, 24, 96, 168 and 336 HAT. Mortality
at 48 HAT. was quantified as described earlier.
Acute toxicity ofleafpowder, aqueous Data Analyses

and ethanol extracts against test insect Mortality data were was subjected to
species analysis of variance using Statistical
From preliminary dose-response Package for Social Science (SPSS) 11.0

bioassay, six concentrations (5.00, 10.00, version. Means were separated by Least
20.00, 40.00, 80.00, and 160.0 g/kg) of Significant Difference (LSD) at P=0.05
plant powder were selected and tested ~ortality data were also subjected to probit
along with a control to determine LCsoand analysis (Finneyl S'Zl) after correcting for
LC9S values. Twenty adult+insects of mortality in control (Abbot, 1925). LCso
mixed sexes but similar age group C.:S3days) and LC9Svalues were computed and values
were exposed to treatment and mortality with overlapping confidence limits (CL)
quantified as described previously. The were declared not: significantly

experiment was repeated using pirimiphos-
methyl (Actellic 2.0 % dust) at the rates of
0.001,0.002,0.004,0.008,0.016 and 0.032
g/kg. Similar experiments with extracts of
T vogelii leaf were carried out at
concentrations of 0.5, 1.0, 2.00, 4.00 and
8.00 g/L for the aqueous extract and
concentrations of 0.02, 0.04, 0.08, 0.16,
and 0.32 g/L for the ethanol extract.
Mortality was quantified as previously
described. Toxicity factor (TF) was
computed as:

48hr LCsofor most susceptible species
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Table 1..Toxicity of Tephrosia vogelli leaf powder and extracts to three storage
insect pests.

Test material Storage pest Control 20 g/kg 200 g/kg
C. maculatus O.OOa 1.00a 6.00b
S. zeamais O.OOa . 2.67b 7.33c
T. castaneum O.OOa 0.67a 5.33b
C. maculatus O.OOa 9.67b 17.00c
S. zeamais O.OOa 3.33b 15.33c
T. castaneum O.OOa 1.67ab 7.00c
C. maculatus O.OOa 1.33b 3.33c
S. zeamais O.OOa 0.67ab 2.00b
T. castaneum O.OOa 0.67ab 2.67b

Out of20; data are means of three replicates; row means bearing the same alphabets are
not significantly different P > 0.05.

Leafpowder

Ethanol extract

Aqueous Extract

different (Finney, 1971).
RESULTS
Effects of Powder, Aqueous and

Ethanol Extracts of T. vogelii on Test
Insect Species.
All test plant products (leaf powder,

aqueous and ethanol extracts) caused
mortalities of test insect species at the high
and low concentrations that were
consistently higher than mortality in
control, indicating bioactive characteristics
(Table 1). These results justified further
testing with T. vogelii extracts against each
test insect species.
Acute Toxicity Tests
(a) Effect of leaf powder and Actellic

dust
Going by LC50and LC95 values, T. vogelii
leaf powder was most toxic to T.
castaneum followed by C. maculatus and
lastly S. zeamais at 48 HAT (Table 2). The
95 % CL for the LC50of S. zeamais did not
overlap the CL for the LC50 T. castaneum
or C. maculatus indicating a significant
difference. The lower LC50and LC95values
of Actellic dust in comparison with those
of T. vogelii leaf powder and the absence of
overlaps in their corresponding CL shows
that Actellic was significantly (P < 0.05)

more toxic to each of the test insect species
than the test powder (Table 2). Toxicity
factors (Table 2) show that Actellic dust
was 6,850 times more toxic to T.
castaneum than T. vogelii powder (Table
2).
(b) Solvent extracts
On the basis of LC values the two test

extracts demonstrated 48 hr acute toxicity
against C. maculatus, S. zeamais and T.
castaneum;. the CLs indicate that ethanol
extract of T. vogelii was significantly (P <
0.05) more toxic to each of the test insect
species than the aqueous extract (Table 3).
The ethanolic extract was significantly (P <
0.05) more toxic to C. maculatus than to
either S. zeamais or T. castaneum with
48hr LC50 values of 0.037\Land 0.08g\L,
respectively.
Rate of Loss of Bioactivity of T. vogelii

Ethanol Extract in Treated Cowpea
Seeds.
The ethanol extract of T. vogelii leaf

powder gave consistent toxicity for 24 hr
only, after which there was decline in :
efficacy against C. maculatus. The LC50
increased from 0.024 g/L for seeds infested
immediately after treatment to 0.087 g/L
for seeds infested at 336 HAT (Fig. 1).



Table 2. 48 hr lethal concentrations of the leaf powder of Tephrosia vogelii and Actellic dust against three storage
insect pests.
Extract Test insect
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species
48 hrLC50 (glL) 48 hr LC95 (glL)
(95 % Confidence Limits) (95 % Confidence Limits)

Regression Equation

Leaf C maculatus 10,132 (8.419 -12.162) 84.494 (56.613 - 126.002) Y = -1.801 + 1.791x 4 1.791 ± 0.037 10130

Powder S. zeamais 19.824 (17.198 - 22.841) 103.809 (78.984 -103.81) Y = -2.976 + 2.295x 4 2.295 ± 0.031 19820

.~ T castaneutn 6.846 (5.069 - 9.156) 97.155 (63.469 - 148.991) Y = -1.196 + 1.432x 4 1.432 ± 0.024 6850

Actellic C maculatus 0.002 (0.002 - 0.003) 0.021 (0.014 - 0.031) Y = 4.392 + 1.638x 4 1.638 ± 0.024 2
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Table 3. 48 hr lethal concentrations of ethanolic and aqueous leaf extracts of Tephrosia vogelii against three storage
insect pests.

'~ Extract Test insect 48 hr LC50 (glL) 48 hr LC95 (glL) Regression Equation Degree of Slope (± S.E) Toxicity

species (95 % Confidence Limits) (95 % Confidence Limits) Freedom Factor

Ethanol C. maculatus 0.037 (0.031 - 0.044) 0.238 (0.171 - 0.33) Y = 2.924 + 2.042x 3 2.042 ± 0.042 1.00

S. zeamais 0.071 (0.055 - 0.092) 1.999 (0.808 - 5.144) Y = 1.308 + 1.138x 3 1.138 ± 0.025 1.92

T. castaneum 0.080 (0.067 - 0.097) 0.780 (0.477- 1.287) Y = 1.83 0+ 1.670x 3 1.670 ± 0.030 2.16

Aqueous C. maculatus 1.209 (0.928 - 1.523) 19.707 (11.424 - 41.118) Y = -0.112 + 1.361x 3 1.361 ± 0.028 32.70

S. zeamais 0.744 (0.526 - 0.972) 11.572 (7.194 - 22.529) Y = 0.178 + 1.384x 3 1.384±0.03120.11

T castaneum 2.025 (1.551 - 2.648) 58.454 (25.159 - 188.244) Y = -0.346 + 1.130x 3 1.130 ± 0.025, 54.62
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However, local fishermen rely on water to
serve as solvent and carrier of the active
principle(s) when leaves of T. vogelii are
used as fish poison (Oliver- Bever, 1986).
With ethanol extract, stringent measures
must be taken against reinfestation given
the rapid rate of loss of bioactivity 24
HAT. Assuming - the rapid loss of
bioactivity relates to volatility of the active
constituents, there is need to investigate the
potential of ethanolic leaf extract of T.
vogelii as a fumigant. Previous studies on

o +-__ •.•...- •..•.-- __--_-_--_ plants with volatile essential oils have
demonstrated their usefulness as fumigants
(Don- Pedro, 1996).
Actellic dust (pirimiphos-methyl) was

more toxic than T vogelii powder to all the
test insect species (Table 2). This is
consistent with the findings of Abdullahi
and Mohammed (2004), Ansawalam and
Emosaure (2006), Obeng-Ofori and
Amiteye (2005) and Okunade et al. (2002).
In Nigeria, as in many African countries,

available records show that T. vogelii is
only used as fish poison and not as grain
protectant (Delobel and Malonga, 1987;
Denloye et al., 2004; Oliver-Bever, 1986).
The result of this study has the potential to
increase the utilization of T vogelii for
postharvest protection of grains.
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Fig. 1. Rate of loss of bioactivity of T. voge/ii ethanolic leaf
extract in treated cowpea seeds

DISCUSSION
The results of this study show that T

vogelii leaf powder inflicted high mortality
upon C. maculatus, S. zeamais, and T
castaneum (Table 1). This is in agreement
with the report of T. vogelii leaf powder's
toxicity to Caryedon serratus (Delobel and
Malanga, 1987) and to S. zeamais (Ogendo
et al., 2004). In addition, the report of
Ogendo et al. (2004) showed that the
organoleptic quality and viability of maize
grains protected from damage by S.
zeamais were not adversely affected when
T vogelii leaf powder was used as the
protectant.
Previous studies on the - insecticidal

effects of T vogelli against storage insects
focused on the use of powder as toxicants
(Delobel and Malonga, 1987; Ogendo et
ai., 2004). The present study has shown
that extracts (especially ethanol extract) of
T vogellii leaves can also be exploited for
use as grain protectants.
the greater toxicity of the ethanol extract

to the test insects than the aqueous extract
may be due to greater solubility of the
active principle(s) in ethanol than in water.
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