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ABSTRACT

The cowpea seed beetle, Callosobruchus maculatus (F.) damages stored seeds
of cowpea, Vigna unguiculata (L.) Walp., an important protein source in human diet
in Sub-Saharan West Africa. A major approach to the control of beetle is use of seed
resistance. The effects of seed resistance in cowpea and larval competition on the
development and survival of Cimaculatus had not been .adequately elucidated. In this
study; a known susceptible (Ife Brown) and three resistant varieties of cowpea (IT84S ...
2246-4, IT85F-2205 and IT90K~391) were subjected to three different levels of larval
infestation (one,five and ten larvae per seed) at 30 ± l°e and 50 ± 10% relative
humidity. A beetle colony derived from infested cowpea seeds in a local market Akure,
. .. ,
Nigeria, was employed. Beetle development and larval survival to adult emergence in
the cowpeas, were measured. The results confirmed that IT90K-391, ITu5F-2205 and
(T84S-2246-4 were less susceptible to C. maculaius than Ife Brown. It was observed
that in the susceptible and resistant cowpeas, development time was not affected by
level oflarval infestation. Percentage adult emergence decreased signficantly (P<0.05)
with increase in level of larval infestation in the resistant cowpeas. The significance of
these observgations is discussed.

INTRODUCTION

The cowpea seed beetle, Callosobruchus maculatus (F.) is a cosmopolitan
storage pest of cowpea, Vigna unguiculata (L.) Walpers and related grain legumes
(Jackai and Daoust, 1986; Singh et. al., 1990). Often, after six months in storage
100% infestation may be recorded (Singh, 1977; Seck, 1993). Damaged seeds are
riddled with adult emergence' holes and defaced with egg covers which leads to reduced
weight and poor quality product. Beetle damage also causes significant reduction in
seed viability. The development and use of resistant cowpea varieties have been
extensively studied because if offers a simple, cheap and attractive approach to

I



I

Effect or Resistance and Larval competition on Callosobruchus 15

reduction of C. maculatus damage in stored cowpea. Of about 15,000 accessions of
cowpea in the germplasm collection at the International Institute of Tropical Agriculture
(IITA), Ibadan, Nigeria, a few, specifically TVu 625, TVu 2027, TVu 4200, TVu
11952 and TVu 11953 have been identified as having appreciable levels of seed
resistance to C. maculatus damage (Singh, 1977; Adjadi et. al., 1985; Jackai and Singh,
1988). From these resistant progenitors, especially TVu 2027 many other C. maculatus
resistant cowpeas have been developed at lITA (Singh, 1987; Singh and Singh, 1992).
Many workers (Messina and Renwick, 1985; Dick and Credland, 1986a; Ofuya, 1987;
Kitch et. al., 1991; Mbata, 1993; Ofuya and Credland, 1995a) have largely confirmed
the lower susceptibility of these resistant liT A varieties to the seed beetle. The level
of resistance exhibited by the lITA varieties has however not been consistent amongst
the different workers. It has peen observed that C. maculatus from different
geographical regions differ in their ability to damage seeds 'of resistant cowpeas (Dick
and Credland, 1986a; Ofuya and Credland, 1995a). The level of seed resistance in
cowpea may influence the degree of larval competition resulting from seed infestation
,\1essina and Renwick, 1985). This has not been adequately elucidated and was
:herefore examined in this paper.

MATERIALS AND METHODS

Be-HIe population

C. maculatus originating from individuals infesting cowpea in a local market in Akure
was used. The adults were used to infest Ife Brown cowpea in Kilner jars and the
cultures were maintained and the study conducted at 30 ± rO% relative humidity in a
cooled incubator.

Cowpea varieties

The 'varieties used were three known bruchid-resistant cowpeas initially develped at
lITA, I,T84S-2246-41 IT85F-2205, and IT90K-391, and a well-known susceptible
variety, Ife Brown, and the seeds were obtained directly from liT A, Ibadan, Nigeria.
All seeds were first stored in a deep-freezer for seven days prior to use and, were
thereafter conditioned in the cooled incubator for' at least 7 days before use in the
experiment to standardize their moisture content (Pixton and Warburton, 1968).

Experimental protocol

For each cowpea variety, 100 conditioned seeds were placed inside a glass Petri
plate (9.0cm in diameter) into which was introduced several freshly 'emerged and
females of C. maculatus for 24 hr so that females would oviposit on the seeds. The time
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of oviposition was recorded. Excess eggs were removed from seeds to leave either one,.
five or ten eggs per seed. Subsequently, each seed was placed in a separate test tube and
closed with cotton wool such that emerging adults could 'notescape to the outside.
Fourteen days after oviposition (after egg hatch but before adult emergence), seeds
bearing eggs that failed to hatch were discarded. Eggs that failed to hatch were
identified as described by Giga and Smith (1987). For each level of seed infestation,
25 seeds with hatched eggs were retained. As from 20 days after oviposition, the seeds
were examined at least twice daily and adults were removed as they emerged over a
variable number of days depending on the resistant status of the cowpeas (Ofuya and
Credland, 1995a; Adeduntan and Ofuya, 1998), such that only first generation adults
were counted. The time of emergence of each adult was recorded. This procedure was
replicated thrice. Development period (time of egg laying to adult emergence from
seed) and percentage adult emergence (number of emerged adults x 100/number of
hatched eggs) were calculated for each cowpea varietY.,and each level of seed
infestation. Data on developmental period (days) and percentage adult emergence were
subjected to analyses of variance, Percentage adult emergence was arcsine transformed
before analysis,

RESULTS

The development period of C. maculatus in seeds of the susceptible He Brown
and the three resistant cowpeas was not significantly different (P> 0,05) whether one,
five or ten larvae simultaenously infested each seed (Table 1). At each level of initial
larval infestation, development" period of the beetle in the resistant varieties was
significantly longer than in the susceptible one. There were significant (P < 0.05)
differences in the mean percentage adult emergence of the beetle from the cowpeas at
the different levels of initial larval infestation, except in the susceptible variety (Table
2). For the resistant varieties, percentage adult emergence was significantly lower when
ten larvae initially entered a seed than when one larva initially entered a seed.
Percentage adult emergence was similarly significantly lower when ten larvae initially
entered a seed than when five larvae initially entered a seed except for IT84S-2246-4.
Percentage adult emergence when five larvae initially entered a seed Was further
significantly lower from that observed when one larva initially entered a seed. At each
level of initial larval infestation, percentage beetle emergence in the resistant varieties
was 'significantly lower than in the susceptible one. The interaction between larval
infestation level and variety was significant (P < 0.05) (Table 3).
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Table 1: Mean developmental period (days) of C. maculatus in seeds of selected
varieties of cowpea at different levels of initial larval infestation.

. . =rl
Cowpea variety Resistance Mean developmental period (days) (± S;E.) I

status 'of beetle in seeds initially bearing:

One larva Five larvae Ten larvae

IfeBrown Susceptible 22.4±O.22 22.2±O.21 21.8±O.18
IT84S-2246-4 Resistant 31.5± 1.35 31.4±O~93 31.4±O.85
IT85F-2205 Resistant 33.7±0.93 34.1 ±0.80 33.7±1.28
IT90K-391 Resistant 33.2± 1.60 32.7±0.63 32.9±0.44

LSD (0.05)
-for vertical comparison = 0.55

LSD(O.05)
{for horizontal comparison) =0.63

'-'--'-'=

Table 2: Mean percentage of adults of C. macula/us that emerged from seeds of
selected varieties 'of cowpea initially infested with different. number of larvae pCI,"
seed .
I _ .

Resistance Mean developmental period (days) (± S.E.)I __cwpea variety
I status of beetle Iin seeds initially bearing:

One larva Five larvae Ten larvae

Ife Brown Susceptible 93.0±2.01 92.4± 1.88 90.8±4,44
IT84S-2246-4 Resistant 71. 7 ±4.64 44:0)2.89 41.3 ±6.69
IT85F-2:l05 Resistant '68.3±0.88 59.5 ±5.48 32.7 ± 11.26
IT90K-391 Resistant 70.0± 11.54 61.3±1O.11 28.0±5.03---
LSD (0.05)
(for vertical comparison = 0.55

LSD (0.05)
(for horizontal comparison) =0.63
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Table 3: Summary of ANOVA for data on development period and percentage
adult emergence for C. mDCulatus 'in four dilTerent cowpeas sunjected to three
dilTerent initial levels of mfestatlon,

Source of variation df Mean Squares % adult emergence
Development period

Larval density (A) 2 O.95NS 2270*
Cowpea variety (8) 3 256.75* 3498.86*
AXB 6 0.50NS 364.86*
Error 24 0.42 6.00

NS=not significant (P>O.05).
*= significant (P <0.05).

DISCUSSION

Redden and, McGuire (1983) determined that the most discriminatingvariable
for measurement of seed resistance in cowpea to C. maculatus was mean emergence
day, followed by percentage of adult emergence up to an optimum time. Irrespective
of level of larval infestation, both parameters distinguished the resistant cowpeas from
the susceptible check. This study has therefore further confirmed the lower
susceptibility of these known resistant varieties to this Nigerian population' of C.
maculatus as reported earlier by Adeduntan and Ofuya (1998). These varieties have
also been found to show low susceptibility to C. maculatus populations from Burkina
Faso and Campinas (Brazil) (Ofuya and Credland, ~995a).

Credland et. al (1986), Credland and Dick (1987) 'and' Mitchell, (1990) have
indicated that larval density in C. maculatus affects food availability, larval mortality,
developmental time, adult size and egg production. Seed size can similarly modulate
larval survival (Mitchell, 1990; Ofuya, 1997). However, for each variety, seeds of
similar size (visually assessed) were used. Larval competition within the seed may have
partly contributed to the decrease in progeny survival with increasing larval density.
The significant interaction between cowpea variety and level of larval infestation
indicates that larval competition modulated ptogeny survival differently in the varieties.
For instance, due to increase in larval density from one to ten per seed, there was a
42%, 35.6% and 30.4% reduction in adult emergence in the resistant IT90K391,
IT85F-2205 and IT84S-2246-4, respectively, compared to 2.2 % in the susceptible Ife
Brown. A vast array of antimetabolite/dosage level effects may be implicated in the
expression of seed resistance in cowpea to bruchids (Gatehduse et. a., 1979; Xavier-
Filho, 1991; Macedo et. al., 1993; Oigiangbe and Onigbinde, i996). It may be
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;Jsrulated that larval competition in the resistant varieties interacted beneficially with
::-,e nutritional difficulty or antibiotic effects to produce higher larval mortality at the
:-.:gher levels of larval infestation.

The observation that increase in level of larval infestation resulted in a decrease
.n the number of beetles that survive in the resistant cowpeas may have practical
s.gnificance. It may enhance the value of the resistant varieties as much lesser damage
-ill be inflicted on them under severe infestation within a relatively short period. On
::-.e other hand, it may accentuate the evolution of tolernat beelte biotypes (Dick and
:redland, 1986b; Shade et. al., 1996; Adeduntan and Ofuyan, 1998) if storage is long
.erm.

It is too laborious to conduct screening over more than one generation of
bruchids, especially with a large germplasm collection. The experimental protocol
should nevertheless reveal the probable response of a resistant variety under severe
infestation. Redden and McGuire (1983) suggested that the number of eggs per seed
should not be excessively large, below 10-12, and preferably uniform over seeds. The
stringent experimental protocol (one egg per seed) which has been adopted by some
workers (Messina and Renwick, 1985; Dick and Credland, 1995a, 1995b) is meant to
eliminate the effect of competition on larval performance and survival. However, this
stringent protocol may suggest very little about the durability of seed resistance except
with very large replication or repetition over many generations. Booker (1967)
indicated that in C. maculatus, within-seed competition appears to be absent for up to
six eggs per seed. However, the effect of larval competition on larval mortality has
been shown here, to depend on the susceptibility of cowpea seeds to attack by the
beetle. On the whole, the observations here,support those of Redden and McGuire
(1983), and emphasize that moderate levels of infestation (5-10 larvae per seed) should
be included in screening protocols for studying seed resistance to C. maculatus because
it will still reveal the general trend in the relativesusceptibilities of the cowpeas, and
presumably, the durability of the most promising varieties under severe attack.
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