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Abstract

Ten local cultivars of bambara groundnut, Vigna subterranea (L.) Verdcourt obtained directly from
farmers in Potiskum, Nigeria and from the Institute for Agricultural Research, Samaru, Nigeria were
compared with three improved varieties developed at the International Institute of Tropical Agriculture,
Ibadan, Nigeria for their susceptibility to infestation by Callosobruchus maculatus (F.). Three cultivars
(Maifarinhaneh, Angale and Bunmonu) with a susceptibility index (SI) of 3.06±3.71 were identi®ed as
slightly susceptible to C. maculatus; four cultivars (Bagantere, Bakingangala, Ole and Bakiyawa 1) and
one improved variety (TVSU 1061) with an SI of 4.39±4.93 as moderately susceptible; and three
cultivars (Bidi, Uzu and Dadinkowa 1) and two improved varieties (TVSU 702 and TVSU 751) with an
SI of 5.00±5.34 as susceptible. Five of the cultivars were used to examine the ability of beetle
populations to overcome varietal resistance over six successive generations. Development time was
signi®cantly longer but percentage of adults that emerged and susceptibility of bambara groundnuts
were signi®cantly lower in F4, F5 or F6 generations than in the F1 or F2 generation. The e�cacy of
combining insecticidal essential oils obtained from clove, Syzgium aromaticum, West African black
pepper (WABP), Piper guineense, and ginger, Zingiber o�cinale applied at the rate of 2 mg/20 g seed
and six of the local bambara groundnut cultivars (Angale, Maifarinhaneh, Bakingangala, Bagantere,
Bunmonu and Bidi) with di�ering susceptibilities to C. maculatus (F.) was also assessed during a 3-
month storage period. The three essential oils signi®cantly reduced the percentage of C. maculatus adults
that emerged from the bambara groundnut cultivars in the F1 generation and the number of adult
o�spring that developed in the cultivars during the 3-month storage period. The mean number of
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progeny that developed in untreated seeds and seeds treated with clove, WABP and ginger oils during
the study period were 73.0, 0.0, 0.1 and 0.2, respectively. No adult C. maculatus, however, developed in
slightly and moderately susceptible cultivars treated with essential oils. Treatment of seeds of Bidi (a
susceptible cultivar) with the essential oils reduced the percentage of adults that emerged in the F1

generation from 26.8% in untreated seeds to 0.0, 0.1 and 0.4% in seeds treated with clove, WABP and
ginger oils, respectively; and reduced loss in seed weight after three months' storage from 34% to 0.0,
0.01 and 0.1%, respectively. 7 2000 Elsevier Science Ltd. All rights reserved.

Keywords: Bambara groundnut (Vigna subterranea ); Cultivars; Susceptibility; Genetic stability; Essential oils;
Callosobruchus maculatus

1. Introduction

Bambara groundnut, Vigna subterranea (L.) Verdcourt is a very important drought-tolerant
grain legume which is cultivated for its subterranean pods as a food crop mainly in Africa
(Sellschop, 1962; Linnemann, 1994). World annual production of bambara groundnut was
estimated at 330,000 tonnes in 1982, with about half being produced in the savanna areas of
West Africa (Coudert, 1984). The crop is one of rural Africa's most popular grain legumes,
ranking third in importance after groundnut, Arachis hypogaea L. and cowpea, Vigna
unguiculata (L.) Walpers (Sellschop, 1962; Rachie and Silvestre, 1977). Seed yields in Africa
average 650±850 kg/ha (Stanton et al., 1966), with large di�erences among countries. Bambara
groundnut is highly nutritious and the seeds contain 6±9% fat, 17±25% protein and 55±70%
carbohydrate thus serving as a source of rich diet for humans and livestock (Oliveira, 1976;
Oluyemi et al., 1976; Baker et al., 1984).
Like cowpea, bambara groundnut is susceptible to infestation by bruchids which are ®eld-to-

store pests. Bambara groundnut is most often infested simultaneously by two species of
Bruchidae, Callosobruchus subinnotatus (Pic) and Callosobruchus maculatus (F.) in West Africa
(Haines, 1991; Mbata, 1992). Of these two bruchids, C. maculatus is the more destructive on
account of its shorter life cycle, and higher intrinsic rate of increase. Whilst C. maculatus
attacks a wide range of grain legumes, C. subinnotatus is restricted to bambara groundnut
(Haines, 1991). These bruchids commence infestation in the ®eld once bambara groundnuts
have been harvested and left to dry, reducing the quantity and quality of the grains during
storage (Prevett, 1966; Dike, 1994).
In Nigeria, a major producer of bambara groundnut, several cultivars and a number of

improved varieties di�ering in maturity time, grain size and colour, are available (Rawal,
1973). Cultivars and varieties of other grain legumes such as cowpea, mungbean, Vigna radiata
L. and pigeonpea, Cajanus cajan (L.) Millsp. have been reported to have varying susceptibilities
to C. maculatus (Fatunla and Badaru, 1983; Khattak et al., 1987; Lale and Efeovbokhan, 1991;
Compton et al., 1993; Lale and Kolo, 1998; Nahdy et al., 1998, 1999). Reports on methods of
controlling C. maculatus on bambara groundnut in storage are limited. Nevertheless, Mbata
(1992) evaluated the susceptibility of ten improved varieties in the TVSU series developed at
the International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria to C. maculatus.
The results of these evaluations showed that the di�erent varieties of bambara groundnut had
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di�erent levels of resistance to C. maculatus. Host-plant resistance is a fundamental method of
control against insect pests because it does not involve on-®eld farmer labour and decision-
making. It is now recognized, however, that over-reliance on host-plant resistance is seriously
undermining the value of this control method, as it intensi®es the selection processes in pests to
overcome such resistance. There are examples of this in the literature (Dick and Credland,
1986a,b), which amply justify the need for an IPM approach to insect control (NRI, 1992). In
pursuance of a more sustainable approach to combating pest infestation in stored produce,
Lale and Mustapha (2000) recently reported that combining neem seed oil with varietal
resistance signi®cantly reduced oviposition and adult emergence of C. maculatus and
percentage of cowpea seeds damaged by this bruchid.
In the present study, the susceptibility of ten local cultivars and three improved varieties of

bambara groundnut to C. maculatus infestation was compared. Five of these local cultivars
were also screened for their genetic stability against the evolution of populations of the beetle
that may be capable of breaking down the resistance inherent in them. The e�cacy of
combining six local cultivars of bambara groundnut with di�erent levels of susceptibility to C.
maculatus and insecticidal essential oils obtained from clove, Syzgium aromaticum (L.) Merril
and Percy, West African black pepper (WABP), Piper guineense Schum and Thonn, and
ginger, Zingiber o�cinale Rosc., was also evaluated. These spices were selected for the study
because their essential oils or powders are known to possess insecticidal properties against
di�erent species of stored product Coleoptera (Su, 1983; Sighamony et al., 1984; Ivbijaro and
Agbaje, 1986; Oliver-Bever, 1986; Olaifa and Erhun, 1988; Ivbijaro, 1990; Ahamad and
Ahmed, 1991; Echendu, 1991; Lale, 1992).

2. Materials and methods

2.1. Insect rearing and bambara groundnut seeds

A batch of infested bambara groundnuts was obtained locally in Maiduguri, northeastern
Nigeria and used to establish a laboratory culture of C. maculatus. Insects were reared
subsequently on a common cultivar of bambara groundnut (cv. Bunmonu) under prevailing
laboratory conditions (32±368C and 40±67% r.h.). Experiments were also conducted under
these conditions.
Eight of the ten local cultivars (Bunmonu, Bagantere, Angale, Bidi, Bakingangala, Ole,

Maifarinhaneh and Uzu) of bambara groundnut were obtained directly from farmers in
Potiskum, Nigeria and two (Dadinkowa 1 and Bakiyawa 1) were obtained from the Institute
for Agricultural Research, Samaru, Nigeria. Three varieties (TVSU 702, TVSU 751 and TVSU
1061) were obtained from IITA. The salient seed characteristics of these bambara groundnut
cultivars and varieties are shown in Table 1. Seed hardness was measured with a Texture
Analyzer (Model TXXT2) produced by Stable Micro Systems, connected to an ES COM
computer. The amount of force (in Newtons, N) required to break the cotyledons of each
bambara groundnut seed was taken as a measure of seed hardness. To safeguard against
infestation, the bambara groundnut cultivars were stored under freezing conditions for 8 weeks
prior to screening. They were, however, equilibrated for 7 days to prevailing laboratory
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conditions according to the method of Lale and Mustapha (2000) before use. Sound seeds free
of infestation and any noticeable defect were then selected from each batch for the
experiments.

2.2. Susceptibility of bambara groundnut cultivars and varieties to C. maculatus

Five grams of each of the ten cultivars and three varieties of bambara groundnut were
weighed into a 100 ml glass jar and three pairs of 2- to 3-day old C. maculatus adults were
introduced and female bruchids were allowed to lay eggs for 4 days. On day 4, all insects were
removed and the numbers of eggs laid were counted. The adults that emerged later in each
replicate were counted and expressed as a percentage of the total number of eggs laid. The
developmental period (in days) of C. maculatus in each cultivar or variety was also determined.
Percentage loss in seed weight was determined as the di�erence between the initial and ®nal
weights of seeds in each replicate divided by the initial weight multiplied by 100. Susceptibility
indices (SI) were calculated according to the method of Dobie (1974) and is given as:

SI � logeF1

D
� 100

where F1 is the total number of emerging adults and D the median developmental period
(estimated as the time from the middle of oviposition to the emergence of 50% of the F1

generation).
This experiment was laid out in a completely randomized design replicated six times under

the prevailing laboratory conditions (32±358C and 40±50% r.h.). Percentage data were arcsine
transformed and all data were then subjected to ANOVA and di�erences between means were
determined using the least signi®cant di�erence (LSD) statistic ( pE0.05).

Table 1
Some physical characteristics of seeds of the bambara groundnut cultivars/varieties screened for susceptibility to
Callosobruchus maculatus (F.)

Cultivar Testa colour Testa thickness (mm) Seed weight (g) Seed size (mm) Seed hardness (Newton, N)

Maifarinhaneh Yellow 0.20 0.92 11.60 160.03

Angale Brown 0.21 0.98 11.68 205.94
Bunmonu Yellow 0.23 1.08 11.28 178.27
Bagantere Yellow 0.24 1.33 12.05 245.82

Bakingangala Black 0.57 0.96 11.88 179.36
Ole Brown 0.19 0.82 11.38 157.99
Uzu Cream 0.29 0.81 10.90 184.18

Bakiyawa 1 Yellow 0.22 0.83 10.75 93.36
TVSU 1061 Yellow 0.17 0.55 9.35 119.18
Bidi Mottled brown 0.23 0.99 11.60 146.39
Dadinkowa 1 Yellow 0.18 0.76 10.50 101.11

TVSU 702 Brown 0.19 0.65 10.27 150.53
TVSU 751 Brown 0.13 0.57 10.40 97.51
SED 0.04 0.17 0.80 23.27
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2.3. Varietal resistance of ®ve selected cultivars of bambara groundnut against attack by
successive generations of C. maculatus

The three slightly susceptible cultivars (Maifarinhaneh, Angale and Bunmonu) and two of
the moderately susceptible cultivars (Bakingangala and Ole) of bambara groundnut were
selected for this aspect of the study. Five grams of each of these cultivars were weighed into a
100 ml glass jar and infested with three pairs of 2- to 3-day old C. maculatus adults. Female
bruchids were allowed to lay eggs for 4 days. As in the previous experiment, the bruchids were
removed on day 4 and the eggs laid were counted. The adults that emerged later were also
counted and expressed as a percentage of the total number of eggs laid in each replicate. F1

adult progenies that emerged were used to infest ®ve other batches of 5 g of each cultivar in
turn for up to 5 additional generations (F2±F6). This experiment was laid out in a complete
randomized block design replicated six times. Developmental period, percentage loss in seed
weight and susceptibility indices were determined for each generation as in the previous
experiment.

2.4. Protecting cultivars of bambara groundnut with essential oils against C. maculatus

Dry seeds of clove, West African black pepper (WABP) or rhizomes of ginger were
obtained in Maiduguri and ground to a ®ne powder using a co�ee blender. One kilogram
of each powder was weighed into a thimble bag and then extracted for 6 h in 3 l of
hexane using a Soxhlet extractor maintained at the temperature of 68.78C by means of a
heating mantle.
Three cultivars (Angale, Maifarinhaneh and Bunmonu) of bambara groundnut identi®ed in

the ®rst experiment as slightly susceptible to C. maculatus, two (Bagantere and Bakingangala)
as moderately susceptible, and one (Bidi) as susceptible, were used for the study. Twenty grams
of each cultivar were weighed into a 100 ml glass jar and treated with 2 mg of clove, WABP or
ginger oil in 0.2 ml of analytical grade of acetone. Treated seeds were stirred with a glass rod
until seeds were uniformly coated with oil and until the acetone was completely evaporated.
Control seeds were treated with 0.2 ml of pure acetone and stirred as described earlier. The
experiment was laid out in a complete randomized block design replicated four times.
Ten pairs of 2- to 3-day old adults of C. maculatus were then introduced into each glass jar

with the aid of an aspirator and allowed to lay eggs for 4 days. On day 4, all insects were
removed and the number of eggs on seeds in each jar was counted. Adult bruchids that
emerged from seeds were counted and removed monthly for a period of 3 months. The number
of adults that emerged in the ®rst month (F1 generation) was expressed as a percentage of eggs
laid in each replicate. At the end of the 3-month storage period (prevailing laboratory
conditions 32±368C, 55±67% r.h.), the ®nal weight of seeds in each replicate was taken and
weight loss was determined as the di�erence between this and the initial weight expressed as a
percentage of the initial weight. Percentage data were transformed to their arcsine values prior
to statistical analysis. All data were then subjected to two-way ANOVA. Means were
compared using the least signi®cant di�erence statistic ( pE0.05).
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3. Results

Testa thickness, seed weight, size and hardness di�ered amongst the cultivars but did not
signi®cantly in¯uence the susceptibility of the cultivars to attack by C. maculatus. For instance,
Bakingangala had the thickest testa (0.57 mm) and it required a force of 179.36 N for its
cotyledons to be broken, but it was moderately susceptible to C. maculatus. In contrast,
Maifarinhaneh with a lower testa thickness of 0.20 mm and seed hardness of 160.03 N was only
slightly susceptible; and Bidi, one of the susceptible cultivars had a testa thickness of 0.23 mm
and seed hardness of 146.39 N (Table 1).

3.1. Susceptibility of bambara groundnut cultivars and varieties to C. maculatus

Table 2 shows that smaller numbers of eggs were laid on Angale, Maifarinhaneh and
Bunmonu than on any of the remaining cultivars or varieties although the di�erences were not
signi®cant in most of the cases. A signi®cantly higher number of eggs was laid on Bidi than on
Angale, Maifarinhaneh or Bunmonu. A signi®cantly lower percentage of adults emerged from
Maifarinhaneh than from any of the cultivars or varieties except Angale and a signi®cantly
lower percentage of adults emerged from Angale than from the other cultivars or varieties
except Bunmonu, Bagantere, Bakingangala and Ole (Table 2). Table 2 also indicates that the
mean developmental period of C. maculatus in the bambara groundnut cultivars and varieties
ranged from 21.3 days in TVSU 702 to 24 days in Bunmonu but the di�erences were not
signi®cant ( p > 0.05). Percentage weight loss was signi®cantly lower in Bunmonu than in the
other cultivars or varieties except Ole and Uzu. Based on the susceptibility indices (SI) values
the cultivars/varieties were identi®ed as: slightly susceptible Ð Maifarinhaneh, Angale and
Bunmonu (3.06±3.71); moderately susceptible Ð Bagantere, Bakingangala, Ole, Bakiyawa 1
and TVSU 1061 (4.39±4.93); and susceptible Ð Bidi, Dadinkowa 1, Uzu, TVSU 702 and
TVSU 751 (5.00±5.34).

3.2. Resistance of ®ve selected bambara groundnut cultivars against attack by successive
generations of C. maculatus

A signi®cantly smaller number of eggs was laid on two of the slightly susceptible cultivars
(Maifarinhaneh and Angale) than on any of the other cultivars (Table 3). Signi®cantly smaller
numbers of eggs were laid on seeds in the F1 generation than on seeds in the F2 or F5

generation. Table 4 shows that a signi®cantly higher proportion of adults emerged from
bambara groundnut seeds in the F1 generation than in the F3, F4, F5 or F6 generation. Also,
signi®cantly higher proportions of adults emerged from seeds of two of the moderately
susceptible cultivars (Bakingangala and Ole) than from seeds of Maifarinhaneh, Bunmonu and
Angale. Results also indicate that the mean developmental period of C. maculatus was
signi®cantly longer in F3, F4, F5 or F6 generations than in the F1 generation (Table 5).
Development of the bruchid was signi®cantly longer in Maifarinhaneh and Angale than in the
other cultivars. Table 6 indicates that percentage losses in seed weight were signi®cantly lower
in Maifarinhaneh and Angale than in the other cultivars, and that percentage weight loss was
signi®cantly higher in the F1 generation than in the F4 or F6 generation. Similarly, SI values
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Table 2
Relative susceptibility of thirteen bambara groundnut cultivars/varieties to Callosobruchus maculatus (F.)

Cultivar Mean number of
eggs laid

Mean percent adults
emerged

Mean development
time (days)

Mean percent weight
loss

Susceptibility indices

Maifarinhaneh 43.3 24.3 (29.5)a 23.5 6.2 (14.4)a 3.06
Angale 41.5 29.0 (32.6) 22.8 5.3 (13.3) 3.58
Bunmonu 46.3 37.0 (37.5) 24.0 1.0 (5.7) 3.71
Bagantere 97.3 37.4 (37.7) 23.5 6.2 (14.4) 4.69

Bakingangala 97.3 39.3 (38.8) 24.3 12.1 (20.4) 4.39
Ole 74.3 37.9 (38.0) 22.8 5.0 (12.9) 4.55
Uzu 79.3 40.8 (39.7) 23.7 4.0 (11.5) 5.22

Bakiyawa 1 76.8 48.0 (43.9) 23.0 8.7 (17.2) 4.93
TVSU 1061 71.5 40.6 (39.6) 22.8 7.8 (16.2) 4.80
Bidi 136.7 50.7 (45.4) 22.8 10.2 (18.6) 5.08

Dadinkowa 1 89.5 51.4 (45.8) 22.3 13.2 (21.3) 5.34
TVSU 702 59.0 56.3 (48.6) 21.3 6.5 (14.8) 5.00
TVSU 751 101.0 56.5 (48.7) 21.8 9.6 (18.1) 5.03

SED 19.5 5.1 1.9 3.7 0.64
LSD (0.05) 39.7 10.3 NS 7.5 1.29

a Figures in parentheses are arcsine values to which SED and LSD are applicable.
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for the slightly susceptible cultivars were signi®cantly lower than those for the moderately
susceptible cultivars (Table 7). Also, the mean SI value for the F1 generation was signi®cantly
higher than that for F4, F5 or F6 generation.

3.3. Protecting cultivars of bambara groundnut with essential oils against C. maculatus

Signi®cantly fewer eggs were laid on Angale seeds than on seeds of the other cultivars of

Table 3
Mean number of eggs laid by Callosobruchus maculatus (F.) in three slightly susceptible (SS) and two moderately

susceptible (MS) cultivars of bambara groundnut over six successive generationsa

Beetle generation

Cultivar F1 F2 F3 F4 F5 F6 Mean

Maifarinhaneh (SS) 65.0 129.3 138.2 91.5 124.0 76.0 104.0
Angale (SS) 46.0 125.2 110.7 118.3 115.2 110.2 104.3
Bunmonu (SS) 119.8 145.5 110.8 100.0 115.5 118.2 118.3

Bakingangala (MS) 168.5 169.0 123.8 123.8 148.2 151.5 147.5
Ole (MS) 150.0 160.3 112.3 126.2 126.2 115.2 131.7
Mean 109.9 145.9 119.2 112.0 125.8 114.2

a SED=6.3, LSD (0.05)=12.3 (Cultivar); SED=6.9, LSD (0.05)=13.4 (Beetle generation); SED=15.3, LSD
(0.05)=30.0 (Interaction).

Table 4
Mean percentage of Callosobruchus maculatus (F.) eggs which developed into adults in three slightly susceptible (SS)
and two moderately susceptible (MS) cultivars of bambara groundnut over six successive generationsa

Beetle generation

Cultivar F1 F2 F3 F4 F5 F6 Mean

Maifarinhaneh (SS) 41.9 27.1 21.9 5.5 7.9 13.3 19.6

(40.3)b (31.4) (27.9) (13.5) (16.4) (10.5) (23.3)
Angale (SS) 25.5 34.4 24.6 14.1 10.5 6.3 19.2

(30.3) (35.9) (29.8) (22.1) (19.0) (14.6) (25.3)

Bunmonu (SS) 40.9 32.8 10.8 13.2 11.0 7.9 19.4
(39.8) (34.9) (19.2) (21.3) (19.3) (16.3) (25.1)

Bakingangala (MS) 39.0 31.1 38.5 24.7 34.1 29.8 32.8
(38.6) (33.6) (38.3) (29.8) (35.7) (33.1) (34.9)

Ole (MS) 37.4 34.8 36.1 29.4 44.9 28.9 35.2
(37.7) (36.1) (37.0) (32.9) (42.1) (32.5) (36.4)

Mean 36.9 32.0 26.4 17.4 21.7 17.2

(37.3) (34.4) (30.4) (23.9) (26.5) (21.4)

a SED=1.6, LSD (0.05)=3.1 (Cultivar); SED=1.7, LSD (0.05)=3.4 (Beetle generation); SED=3.4, LSD

(0.05)=6.7 (Interaction).
b Figures in parentheses are arcsine values to which SED and LSD are applicable.
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bambara groundnut (Table 8). Table 8 also shows that female C. maculatus laid signi®cantly
more eggs on seeds treated with ginger oil than on untreated seeds or seeds treated with clove
or WABP oil and signi®cantly fewer eggs were laid on seeds treated with clove oil than on
seeds treated with WABP oil ( p = 0.001). Signi®cantly fewer eggs were laid on Bakingangala
seeds treated with clove oil than on untreated seeds; also signi®cantly fewer eggs were laid on
Bakingangala and Bidi seeds treated with WABP oil than on untreated seeds ( p = 0.001).
Table 9 shows that in untreated seeds, a signi®cantly higher proportion of C. maculatus adults

Table 5
Mean developmental period (days) of Callosobruchus maculatus (F.) in three slightly susceptible (SS) and two

moderately susceptible (MS) cultivars of bambara groundnut over six successive generationsa

Beetle generation

Cultivar F1 F2 F3 F4 F5 F6 Mean

Maifarinhaneh (SS) 21.0 19.3 21.8 32.3 32.0 30.5 26.2
Angale (SS) 22.3 19.2 23.3 31.8 32.2 25.2 25.7
Bunmonu (SS) 20.8 19.8 23.5 30.8 31.7 24.0 25.1

Bakingangala (MS) 21.3 20.2 22.2 29.2 32.0 24.5 24.9
Ole (MS) 21.2 20.2 21.7 26.8 31.5 25.7 24.5
Mean 21.3 19.7 22.5 30.2 31.9 26.0

a SED=0.3, LSD (0.05)=0.6 (Cultivar); SED=0.3, LSD (0.05)=0.6 (Beetle generation); SED=0.7, LSD
(0.05)=1.4 (Interaction).

Table 6
Mean percentage loss in seed weight of three slightly susceptible (SS) and two moderately susceptible (MS) cultivars
of bambara groundnut infested by of Callosobruchus maculatus (F.) over six successive generationsa

Beetle generation

Cultivar F1 F2 F3 F4 F5 F6 Mean

Maifarinhaneh (SS) 9.4 8.4 9.3 3.0 3.4 1.0 5.8

(17.8)b (16.9) (17.7) (10.0) (10.7) (5.9) (13.2)
Angale (SS) 2.7 9.4 8.8 6.9 4.9 2.8 5.9

(9.5) (17.8) (17.2) (15.2) (12.8) (9.6) (13.7)

Bunmonu (SS) 12.0 14.6 5.7 5.4 5.2 4.2 7.9
(20.3) (22.5) (13.8) (13.4) (13.2) (11.8) (15.8)

Bakingangala (MS) 15.5 13.2 13.6 10.2 14.4 13.0 13.3
(23.2) (21.3) (21.7) (18.6) (22.3) (21.1) (21.4)

Ole (MS) 15.0 16.9 13.8 15.7 16.6 10.6 14.8
(22.8) (24.3) (21.8) (22.3) (24.0) (19.0) (22.4)

Mean 10.9 12.5 10.2 8.2 8.9 6.3

(18.7) (20.6) (18.4) (15.9) (16.6) (13.5)

a SED=0.1, LSD (0.05)=0.2 (Cultivar); SED=1.1, LSD (0.05)=2.1 (Beetle generation); SED=2.5, LSD

(0.05)=4.8 (Interaction).
b Figures in parentheses are arcsine values to which SED and LSD are applicable.
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emerged from the susceptible Bidi in the F1 generation than from the moderately susceptible
Bakingangala and Bagantere or seeds of the slightly susceptible Angale, Maifarinhaneh and
Bunmonu ( p = 0.01). No adult emerged from seeds of any of the cultivars treated with clove
oil and only 0.1 and 0.4% of potential progeny emerged in the F1 generation from seeds of
Bidi protected with WABP or ginger oil, respectively. During the 3-month storage period, no
adult progeny developed in seeds treated with clove oil, whereas only 0.5 and 1.0 adult progeny
developed in Bidi seeds treated with WABP and ginger oil, respectively; and loss in seed weight
was reduced from 34% in untreated Bidi seeds to 0.0, 0.01 and 0.1% in seeds treated with
clove, WABP and ginger oil, respectively. In untreated seeds, signi®cantly more adults
developed in Bidi than in any of the other cultivars, and signi®cantly more adults developed in
Bakingangala than in Bagantere or Maifarinhaneh ( p = 0.05). The number of C. maculatus

Table 7
Mean susceptibility indices (SI) of three slightly susceptible (SS) and two moderately susceptible (MS) cultivars of

bambara groundnut infested by Callosobruchus maculatus (F.) over six successive generationsa

Beetle generation

Cultivar F1 F2 F3 F4 F5 F6 Mean

Maifarinhaneh (SS) 5.5 6.0 5.4 2.1 1.8 1.2 3.7
Angale (SS) 4.5 6.2 5.0 3.1 2.8 2.6 4.0
Bunmonu (SS) 6.1 6.6 3.7 2.9 3.0 3.1 4.2

Bakingangala (MS) 6.7 7.0 5.9 4.1 4.5 5.9 5.7
Ole (MS) 6.5 6.8 6.1 4.6 4.8 4.9 5.6
Mean 5.9 6.5 5.2 3.3 3.4 3.5

a SED=0.2, LSD (0.05)=0.4 (Cultivar); SED=0.2, LSD (0.05)=0.4 (Beetle generation); SED=0.5, LSD
(0.05)=0.9 (Interaction).

Table 8
Mean number of eggs laid by Callosobruchus maculatus on seeds of local bambara groundnut cultivars protected

with three essential oilsa

Essential oil

Cultivar Control Clove WABP Ginger

Maifarinhaneh 164.0 182.3 212.0 166.0
Angale 97.8 97.8 91.0 200.5
Bunmonu 122.5 147.8 154.8 196.3
Bakingangala 168.5 90.3 137.8 167.0

Bagantere 124.3 118.3 146.3 163.5
Bidi 165.5 183.3 130.0 199.5
Mean 140.4 136.4 145.3 182.1

a WABP=West African black pepper; SED=2.4; LSD (0.001)=8.4 (Cultivar); SED=2.0; LSD (0.001)=6.9
(Essential oil); SED=4.8; LSD (0.001)=16.8 (Interaction).
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Table 9

Susceptibility of seeds of bambara groundnut cultivars protected with three essential oils and stored for 3 monthsa

Cultivar Mean percentage of adults emerged

in the F1 generation

Mean percentage of weight loss in seeds

stored for 3 months

Mean number of adults that developed in

seeds stored for 3 months

Maifarinhaneh 7.5 (15.9)b 1.4 (6.8)b 15.5
Angale 8.5 (16.9) 2.3 (8.7) 29.8

Bunmonu 10.4 (18.4) 0.9 (5.5) 28.5
Bakingangala 15.9 (23.5) 3.2 (10.3) 49.3
Bagantere 10.6 (19.0) 0.9 (5.3) 14.0

Bidi 26.8 (31.2) 34.0 (35.7) 301.0
SED 1.3 1.0 7.7
LSD (e0.001) 2.6 3.5 26.7

a Data for untreated seeds as no adults developed in seeds of cultivars protected with essential oils (except in Bidi: the mean numbers of adults
that developed on this cultivar during the 3-month storage period were 0.0, 0.5 and 1.0 for seeds treated with clove, WABP and ginger oils, respect-

ively). WABP=West African black pepper.
b Figures in parentheses are arcsine values to which SED and LSD are applicable.
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adults that developed in Bidi was 21.5- and 19.4-fold the number that developed in Bagantere
and Maifarinhaneh, respectively.

4. Discussion

This study has shown that the 10 local cultivars and the three improved varieties of bambara
groundnut can be grouped into three susceptibility classes with respect to attack by C.
maculatus (slightly susceptible, moderately susceptible and susceptible). Di�erences in physical
characteristics such as colour, testa thickness, seed weight and size as well as seed hardness did
not correlate well with the di�erences in susceptibility observed amongst the bambara
groundnut cultivars/varieties screened. It is therefore reasonable to speculate that the
di�erences in susceptibility observed amongst these bambara groundnut cultivars/varieties are
perhaps due mainly to di�erences in their biochemical characteristics. It is now well established
that grain legumes, particularly cowpea, contain toxic chemical factors in their seed coats and/
or cotyledons which confer some resistance to bruchid attack (Janzen, 1977; Gatehouse et al.,
1979; Epino and Rejesus, 1983; Shade et al., 1986; Credland and Wright, 1988; Lale and
Makoshi, 2000; Lale and Mustapha, 2000). Trypsin inhibitor activity of raw bambara
groundnut is known to be higher than that of cowpea. For instance, Owusu-Domfeh (1972)
reported that raw cowpea and bambara groundnut inhibited trypsin activity by 20.19 and
58.11%, respectively. Trypsin inhibitor in both reduced and native forms has been identi®ed
from bambara groundnuts (Martino-Ferrer and Ferrer, 1983).
The results indicate that two (TVSU 702 and TVSU 751) of the three improved varieties of

bambara groundnut were susceptible and one (TVSU 1061) was moderately susceptible
whereas three of the local cultivars (Maifarinhaneh, Angale and Bunmonu) were slightly
susceptible. It is not known whether the slightly susceptible cultivars identi®ed in this study
contain higher levels of trypsin inhibitor compounds than the improved, susceptible varieties
developed at IITA or the other moderately susceptible variety or susceptible cultivars. The
®nding is, nevertheless, of major importance: for while two (TVSU 702 and TVSU 751) of the
improved varieties may produce higher grain yield per hectare than the three slightly
susceptible local cultivars, it appears that these improved varieties may not hold up well
against infestation by species of Callosobruchus in storage.
It has been shown in previous studies that populations of C. maculatus cultured on seeds of

TVu2027 (a resistant variety of cowpea) for three generations showed a decrease in
development time and a signi®cant increase in percentage survival from one generation to the
next (Dick and Credland, 1986a,b). In a related study, however, Messina and Renwick (1985)
reported that individuals of C. maculatus cultured on seeds of some descendants of TVu2027
for six generations showed neither signi®cant decrease in development time nor increase in
percentage survival between the di�erent generations. In a more recent study, Adeduntan and
Ofuya (1998) observed that percentage adult emergence of C. maculatus raised on some
resistant varieties of cowpea increased signi®cantly with successive generations of the bruchid.
In the present study, development time increased signi®cantly and susceptibility and the
percentage of adults that emerged decreased signi®cantly in F4, F5 or F6 generation of the
bruchid relative to the levels of the same parameters in F1 or F2 generation. It is possible that
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the higher levels of trypsin inhibitor activity reported for raw bambara groundnut progressively
incapacitates C. maculatus physiologically and this perhaps leads to reduced survival and
reduced fecundity of the beetle. It appears, however, that C. maculatus has less potential of
evolving beetle populations capable of fully utilizing the slightly susceptible cultivars of
bambara groundnut as suitable hosts than in the case of resistant cowpea varieties. However,
the chemical nature of the factors contained possibly in the testae/cotyledons of the slightly
susceptible bambara groundnut cultivars needs to be unravelled so that the genes determining
this trait could be incorporated into higher-yielding bambara groundnut varieties such as the
TVSU series.
The study has also shown that none of the six cultivars of bambara groundnut dosed with

essential oils was immune to infestation by C. maculatus and that oviposition deterrence is
unlikely to be one of the mechanisms employed by the slightly susceptible cultivars to resist
infestation, because the mean number of eggs laid on untreated seeds of the cultivars was
generally high. The application of the essential oils of clove, WABP and ginger to the cultivars
signi®cantly reduced percentage losses in seed weight by reducing seed damage by C.
maculatus. Reduction of infestation by C. maculatus therefore appears to have been achieved
mainly through increased mortality of ®rst instar larvae. Lale and Mustapha (2000) reported
that successful infestation by species of Bruchidae is determined by the number of eggs that
hatch and the number of ®rst instar larvae that are able to penetrate the cotyledons of pulse
seeds. Plant extracts are widely known to cause signi®cant mortality of ®rst instar larvae when
used to protect against infestation (Boughdad et al., 1987; Lale, 1995; Lale and Mustapha,
2000).
The potential of combining partial varietal resistance and insecticidal plant oils was reported

for neem seed oil and cowpea varieties by Lale and Mustapha (2000). However, neem seed oil
is a non-edible oil which has a low consumer acceptability when used as a grain protectant.
Jood et al. (1993, 1996), for instance, reported that the taste, aroma and overall acceptability
of chapatis (unleavened bread) prepared from ¯our of wheat or sorghum grains treated with
neem seed powder and neem seed oil, were adversely a�ected. Mustapha (1998) also reported
that neem seed oil used as a protectant imparted an objectionable ¯avour and aroma to
cooked cowpea seeds and this reduced the overall acceptability of the product by consumers.
The essential oils used in this study were obtained from spices which are used liberally by
many West Africans for culinary purposes. This should make them more attractive especially
to small-scale farmers as protectants of stored pulses against bruchid depredation (Lale, 1992).
Their adoption is, however, only feasible if the cost±bene®t of extracting and using essential
oils for this purpose is favourable, and this aspect has not been fully evaluated.
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