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An integrated pest management scheme involving seed resistance and the
application of powder of Cymbopogon citratus, Alstonia boonei, Hyptis
suaveolens, Azadirachta indica, Loranthus braunii and Lycopersicum esculentum
as protectant against the seed bettle, Callosobruchus maculatus (Fabricius), was
evaluated in the laboratory at ambient temperature (29+3°C) and relative humidity
(65+5%). Six resistant cowpea accessions selected from previous studies were
treated with the six plant powders at 1.25% "/, in a 6x7 factorial arrangement fitted
into a completely randomized design with five replicates. Seed treatment with any
of the six plant powders on six accessions resulted in significantly higher adult
mortality, lower oviposition rate, adult emergence inhibition, lower seed damage
and higher seed germination over the control. Protection ability of the plant
powders was influenced by the cowpea accessions used.

Keywords: cowpea resistance, accessions, botanicals, integrated Callosobruchus
maculatus management

INTRODUCTION

Cowpea occupies a unique place as the most widely cultivated and utilized
grain legume in Nigeria (Eaglesham et al 1992). It is cultivated for its seed (shelled
green or dried), pods or leaves, which are consumed in fresh form as green
vegetables, while snacks and main meal dishes are prepared from the dried grains.
Cowpea is one of the cheapest proteins in the diet of Nigerians providing over 57%
protein from leguminous sources (Padulosi & Ng 1997). All the plant parts used for
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food are nutritious, making it extremely valuable where many people cannot afford
protein foods such as meat and fish.

Insect pests are reported to be the single most important constraint to cowpea
production (Singh et al 1990, Pitan & Odebiyi 2001, Pitan et al 2007).
Callosobruchus maculatus F. which attacks stored cowpea seeds, is also known to
infest the crops in the field prior to harvest (Hagstrum 1985, Potnaik et al 1986). The
practice by Nigerian farmers in which the pods are left in heaps after harvest or the
whole plant is harvested and the pods are removed later, facilitate attack by C.
maculatus (van Huis 1991). During storage which is the longest post-harvest phase
of the crop, seed damage could be over 90% due to the insect pests (Caswell 1982).
Although the degree of damage in the field is usually as low as 2%, it provides a
dangerous nucleus for infestation during the storage period that may be as long as
9 months in many parts of Nigeria (Caswell 1970, 1982). The severe damage
caused by this pest lowers the quality and quantity of the cowpea available for
consumption. Seed viability is adversely affected with three or more emergence
holes per seed (Singh & van Emden 1979). In addition to the physical damage
caused by C. maculatus the fatty acid content of infested seed is increased causing
a slight denaturation of proteins. There is also a loss of an important vitamin,
thiamine, from infested seeds (Southgate 1978). Consequently, the quality of
stored cowpea grains can be lost through changes in their texture, taste,
appearance, reduced nutritional values and the over-all marketability. Heat,
moisture and waste products produced by the beetle also result in further
deterioration and growth of moulds (Shazia et al 2006).

Although chemical control of the beetle is effective, the consequences of
frequent insecticide use, coupled with inadequate supply and high cost of
insecticides, create a need for research on non-chemical methods such as the use
of botanicals. Insecticidal natural products from locally available plants are gaining
ground recently as alternatives to synthetic pesticides in storage. Reports abound
in literature on the efficacy of Cymbopogon citratus (DC. ex Nees) Stapf., Alstonia
boonei De Wild, Hyptis suaveolens (L) Poit, Azadirachta indica A. Juss., Loranthus
braunii Engl.and Lycopersicon esculentum Mill. against C. maculatus (Singh & van
Emden 1979, Ivbijiaro 1983, Fatope et al 1995, Makanjuola 1989, Ogunwolu & Idowu
1994, Ogunwolu & Odunlami 1996, Azeez 2012). On the other hand, use of resistant
varieties, which is a promising solution to the menace of storage pests, including C.
maculatus (Serratos et al 1987), is one of the most economical and
environmentally safe methods of pest control, and is the bedrock of any integrated
pestmanagement (IPM) programme.

Six resistant cowpea lines (ITO6K-141, IT04K-334-2, IT04K-343-1, IT99K-494-6,
IT99K-529-2 & IT99K-216-48-1) were found to give some level of resistance against
the cowpea seed beetles (Azeez 2012). However, resistance in most pest problems
does not last for a long time because of the development of virulent biotypes
(Adane 1995) that are tolerant to the resistant mechanism(s) of the host plant. A
notable example in this respect is TVu 2027, a resistant cowpea variety, which had
become ineffective against certain biotypes of C. maculatus (Dick & Credland
1986). In view of the highlighted problems, there is the need to develop a long-term
integration strategy for the protection of cowpea seeds in store involving the
incorporation of the resistant varieties and the tested botanicals. The most
attractive feature of using varietal resistance is that the grower needs no extra skill
or cash investment, and that of botanicals is that local farmers are traditionally
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familiar with them. Each of the six cowpea varieties and the six plant powders
selected for this study had been reported previously to have significant adverse
effect on C. maculatus (Azeez 2012). Therefore, the objective of this study was to
evaluate the potential of the interaction between cowpea varietal resistance and the
application of six plant powders for the management of C. maculatus on stored
cowpea seeds.

MATERIALS AND METHODS

Rearing of Experimental Insects

An initial 200 unsexed adult C. maculatus was obtained from the culture
maintained on 'lIfe Brown' cowpea variety in the Department of Crop Protection,
Federal University of Agriculture, Abeokuta, Nigeria. Fifty adults were introduced
into each 500mL Kilner jar containing 2009 of clean disinfested Ife Brown cowpea
seeds, making four jars. The Kilner jars were covered with muslin cloth held in place
by a screw cap in order to allow aeration and to prevent insect escape. The set-up
was kept under ambient temperature (27-30°C) and relative humidity (70-85%). The
insects were allowed to mate for seven days and lay eggs in each of the jars after
which they were removed. The devoured seeds were replaced continuously with
freshly disinfested seeds. Only the new adult beetles emerging from the culture
were used for the experiment.

Sources of Seeds

Six resistant cowpea lines used for this study: IT0O6K-141, IT04K-334-2, ITO4K-
343-1, IT99K-494-6, IT99K-529-2 and IT99K-216-48-1, were obtained from the
Genetic Resource Unit, International Institute for Tropical Agriculture (IITA), Ibadan,
Nigeria. The cowpea seeds were disinfested using cold shock treatment at 0 to 4°C
for sevendays.

Plant Materials

The six insecticidal plant species used were sourced from different ecological
zones in South West, Nigeria, and were identified at the Department of Forestry and
Wildlife, College of Environmental Resources Management, Federal University of
Agriculture, Abeokuta, Nigeria. Plant leaves were washed in clean water and were
later air-dried and ground into fine powder using an electric grinder. The powder was
further sieved in 100um apperture sieve.

Efficacy Evaluation of Plant Powders and Resistance Combination

Each of the powdered six botanicals was mixed with 20g of disinfested cowpea
seeds of each of the six varieties in a Kilner jar at 1.25% “/,, concentration and
thoroughly mixed. Ten pairs (1:1 male: female) of teneral adult (<24h old) C.
maculatus were introduced and confined into each Kilner jar over 7 days for mating
and oviposition. The seeds in the control jars contained only disinfested cowpea
seeds without any plant powder. The Kilner jars were arranged on the laboratory
work bench in a 6x7 factorial arrangement fitted into a completely randomized
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design with five replicates under fluctuating laboratory conditions (27-30°C & 70-
85% RH). Mortality was taken daily until day 7 when all the bruchids were removed
and the number of eggs laid was recorded. At 31, 62 and 93 days after infestation,
number of dead and live bruchids, representing F,, F, and F, generations
respectively, were collected from the jars. After 12 weeks, the contents of each
Kilner jar were sieved to remove the dust frass and any insect present in the jars.
Thereafter, the number of the bruchids found in the jars was recorded.

Germination tests were carried out in sterile Petri dishes (9cm diameter) lined
with Whatman No. 1 filter paper moistened daily with distilled, de-ionized water. One
hundred seeds randomly selected from each treatment were germinated in four
replicates of 25 seeds perreplicate. The number of germinated seeds were counted
andrecorded after three days.

Statistical Analysis

All data collected were subjected to Analysis of variance (ANOVA) using SAS
(2002) method. Significant means were separated using Student-Newman-Keuls
testat 5% probability.

RESULTS AND DISCUSSION

Although there were significant variations among the six varieties in terms of C.
maculatus mortality at seven days post-treatment, the parameter was jointly
influenced by the type of plant powder and cowpea variety used (Table 1). While
100% beetle mortality was recorded when IT04K-343-1, ITO6K-141,IT99K-529-2 and
IT99K-216-48-1 seeds were mixed with C. citratus, A. boonei, H. suaveolens and A.
indica, respectively, this value was not significantly different from the mortality
recorded in the other treated seeds, and was higher than the control. The highest
beetle mortality value was recorded on 04K-342-1 treated with A. Indica A
significant reduction in number of eggs was recorded on accessions IT04K-334-2
and IT04K-141 treated with C. citratus, L. braunii,H. suaveolens, A. indica, A. boonei
and L. esculentum powder (Table 2).

Adultbeetle emergence (Table 3) and seed damage (Table 4) were significantly
influenced by cowpea variety and plant powder, and were lower in treated grains
than the control, while seed germination was higher in treated seeds than the
control (Table 5). Seed treatment with any of the plant powders gave total inhibition
of beetle emergence and also reduced seed damage significantly, compared to the
control (Table 4).

Many authors have reported C. citratus, A. boonei, H. suaveolens, A. indica, L.
brauniiand L. esculentum as good grain protectants against C. maculatus (Singh &
van Emden 1979, Ivbijiaro 1983, Fatope et al 1995, Makanjuola 1989, Ogunwolu &
Idowu 1994, Ogunwolu & Odunlami 1996, Azeez 2012). Nevertheless, total reliance
on the use of these plants, as well as other botanicals, for the control of C.
maculatus may result in the development of resistant strains through selection.
However, this study showed that integrating any of the plant powders with seed
resistance significantly enhanced cowpea seed protection against the seed
beetles. The study also showed that the ability of a botanical to provide protection
depends onthe cowpea variety used.
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Table 4. Seed damage (%) induced by Callosobruchus maculatus as jointly influenced by cowpea
accession and plant powders

Cowpea variety
Plant powder
04K-3342  04K-343-1  99K-494-6  06K-141  99K-529-2  99K-216-48-1

Cymbopogon citratus 2.13¢ 0.00° 0.00° 0.00° 0.00° 2.75¢
Alstonia boonei 0.00° 6.87° 1.87° 0.00° 0.00° 212°
Hyptis suaveolens 0.00° 3.13¢ 0.00° 0.00° 4.37° 0.00°
Azadirachta indica 2.63° 0.00° 0.00° 0.00° 1.00° 0.00°
Loranthus braunnii 0.00°¢ 0.00° 1.25¢ 375 0.00° 0.00°
Lycopersicon esculentum 4.25° 4.50° 0.00° 0.00° 0.00° 0.00°
Control 28.00° 20.50% 23.25% 17.500 16.25 15.00°

Means followed by the same alphabets are not significantly different from one another using Student-Neuman-Keuls test
(0>0.05).

Table 5. Percent germinated seeds as influenced jointly by cowpea accessions and plant powders

Cowpea variety
Plant powder
04K-334-2  04K-343-1  99K-494-6  06K-141  99K-529-2  99K-216-48-1

Cymbopogon citratus 72.50° 70.00° 72.50° 70.00° 67.50° 52.50°
Alstonia boonei 70.00° 70.00° 52.50° 65.00° 70.00° 70.00°
Hyptis suaveolens 70.00° 57.50° 70.00° 72.50° 57.50° 67.50°
Azadirachta indica 52.522 70.00° 70.00° 65.00° 70.00° 70.00°
Loranthus braunii 75.00° 85.00° 70.00° 70.00° 72.50° 55.00°
Lycopersicon 70.00° 52.502 70.00° 67.50° 70.00° 70.00°
esculentum

Control 2.50° 10.00° 12.50° 8.75° 11.25 5.00°

Means followed by the same alphabets are not significantly different from one another using Student-Neuman-Keuls test
(0>0.05).
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The higher adult C. maculatus mortality, fewer eggs laid, and total inhibition of
adult emergence recorded relative to the control could be a result of synergism
between the bioactive principles in the plant powders and the antibiosis properties
inherent in the resistant cowpea varieties. From literature, plant powders reduce
insect movement and also cause death through occlusion of their spiracles thereby
preventing respiration via trachea (Shukla et al 2008). They may also protect seeds
by blocking the respiratory pore of eggs and being toxic to the immature stages and
adults of C. maculatus (Adedire & Lajide 2000). Similarly, the characteristics of the
seeds could have improved the adhesion of powders in the seed surface resultingin
the differences observed in the activity of each powder on different accessions
used.

The high seed germinability observed in protected cowpea seeds was due to
the lower seed damage recorded on treated seeds and the beneficial interaction of
the powders with the seed cotyledons, indicating that the reduction in C. maculatus
infestation was without any adverse effect on seed quality.

Although A. indica, and L. esculentum gave lower adult mortality on IT99K-
529-2 and IT0O4K-342-1, respectively, suggesting lower bioactivity, they eventually
both made up for this shortcoming by inhibiting adult emergence totally, thus
reducing seed damage to alevel that is not statistically different from those of other
botanicals. The mechanism of action is suggested to involve biochemical reactions
or interactions. In addition, the integration interactions may likely cause a delay in
the emergence of biotypes of the beetles that are capable of breaking down
resistance in cowpea varieties or strains of C. maculatus that are resistant to the
plant powders.

One of the advantages of using host plant resistance is its compatibility with
other control methods, making it the bedrock of modern pest management, and if
resistant cowpea varieties combined in a compatible manner with other control
methods, effective and sustainable pest management would be achieved (Arnason
et al 1992). The integration of the plant powders with varietal resistance therefore
appears to have great potential for the management of C. maculatus in stored
cowpea. Earlier studies have also demonstrated the enormous potentials inherent
in integrating botanicals with varietal resistance to protect stored products against
insect pests (Lale & Mustapha 2000, Ajayi & Lale 2001, Ashamo 2005).

CONCLUSIONS

In conclusion, the results show significant adverse combination effects of the
plant powders and varieties resistance on C. maculatus. The data also indicated the
possibility of ovicidal/larvicidal of the powders and antibiosis activity in the
varieties with more eggs laid. Since the botanicals are readily available (Irvine
1961), and the resistant cowpea seeds are also available, the adoption of the
integration of cowpea resistant varieties and the plant powders by resource-poor
farmers in the tropics to prevent losses experienced in stores and fields would not
be difficult.

Since the plants are consumed in one way or the other by humans, it is therefore
recommended that any of the plant powders tested in this study can, for C.
maculatus management, be incorporated, into cowpea seeds stored for human
consumption and animal feeds.
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