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Abstract  

 This study explored the effectiveness of different storage strategies—including rice husk 

ash, lemon grass leaf powder, triple-layer bags, and steam treatment—in suppressing infestations of 

Callosobruchus maculatus in stored cowpea. The research was conducted under ambient lab 

conditions at Bayero University, Kano. Lemon grass was procured from Yan Kaba market and 

processed into powder, while rice husk ash and triple-layer bags were sourced from Dawanau market. 

The cowpea beetles were collected from local storage facilities and were identified using taxonomic 

keys before being cultured in the lab. Different levels of concentration, material size, and treatment 

duration were tested using 20g of cowpea per sample. Specifically, concentrations of 5.0%, 10.0%, and 

15.0% w/w; thicknesses of 0.05, 0.06, and 0.07 mm; and heating times of 10, 15, and 20 minutes were 

employed. Control groups were included. Each treatment was replicated three times using a 

completely randomized design. Three adult pairs of newly emerged C. maculatus were introduced to 

each setup. Variables measured included insect mortality, number of eggs laid, egg viability, 

emergence of F1 adults, and seed weight loss. Findings showed that rice husk ash at 3g and triple-

layer bags of 0.07mm were the most effective treatments, achieving 100% mortality of C. maculatus 

within 96 hours. These methods also significantly reduced the number of eggs laid, egg viability, 

adult emergence, and weight loss in cowpea seeds. The results underscore the importance of these 

storage methods in preserving cowpea quality. 
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1. INTRODUCTION 

 

Cowpea (Vigna unguiculata L. Walp.) is one of the earliest domesticated legumes and 

serves as a major protein source, especially for rural and urban populations in Nigeria. 

Nigeria is Africa's leading producer of cowpea, which is considered the most 

economically important native legume (Langyntuo et al., 2003). In 2010 alone, global 
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production reached about 5.5 million tons from 14.5 million hectares (Musa & Adeboye, 

2017). The crop is essential not only for food but also for income generation for 

smallholder farmers in sub-Saharan Africa. Its nutritional benefits include high protein 

content, essential minerals, and amino acids. Despite these advantages, cowpea 

production faces challenges such as pests, diseases, weeds, and drought (Gungula & 

Garjila, 2005). A major issue is post-harvest damage from beetles, particularly 

Callosobruchus maculatus, which can cause losses of 20-50% during storage. Annually, 

about 30,000 tons of cowpea—worth over $30 million—are lost due to this pest (Onuh & 

Onyenekwe, 2008). Though insecticides can control the beetle effectively (Dzemo et al., 

2010), their high cost and potential health risks make them unsuitable for small-scale 

farmers. Furthermore, improper pesticide use can lead to resistance and residue 

accumulation. Hence, safer and more affordable alternatives, such as natural powders 

and improved storage methods, are essential. 

  

2. MATERIALS AND METHOD 

 

Experimental Site 

The experiments were carried out in the Postgraduate Laboratory and the Central 

Laboratory Complex of the Department of Biological Sciences, Bayero University, Kano, 

located between latitudes 11°59′00.7”N and 11°58′49.2”N and longitudes 8°28′35.3”E to 

8°29′00.8”E. The ambient lab conditions maintained were approximately 27 ± 3°C and 

50–70% relative humidity. 

  

Cowpea Seed Preparation 

Healthy cowpea seeds (Vigna unguiculata, IT93K-452-1) were bought from Dawanau 

Market and authenticated at Bayero University's Plant Biology Department. 

 

Treatment Materials and Experimental Design 

Rice husk was burned into ash, cooled, and stored in airtight containers. Various 

concentrations (1g, 2g, 3g) were mixed with 20g cowpea in sterilized petri dishes. Each 

dish received three pairs of adult C. maculatus. Muslin cloth was used to cover dishes 

for ventilation. The experiment was replicated three times in a completely randomized 

design. Negative controls were also established. Observations were made daily for 

beetle mortality, egg laying, egg viability, F1 emergence, and seed weight loss. Lemon 

grass leaf powder  was also tested in petri dishes. Various concentrations (1g, 2g, 3g) 

were mixed with 20g cowpea in sterilized petri dishes. Each dish received three pairs of 

adult C. maculatus. Muslin cloth was used to cover dishes for ventilation. The 

experiment was replicated three times in a completely randomized design. Negative 

controls were also established. Observations were made daily for beetle mortality, egg 

laying, egg viability, F1 emergence, and seed weight loss. Collected and disinfested 

cowpea seeds were allowed to equilibrate at room temperature before steaming. Twenty 

(20g) of cowpea seeds were separately placed on different metal trays. Each metal tray 

was separately heated, using electric steamer, for 10, 15 and 20minute, and each 

treatment replicated three times. The heated cowpea seeds were then separately 

transferred into plastic containers. Three (3) pairs of newly emerged C. maculatus 

adults were separately inoculated into these containers and were arranged in 

completely randomized design in the laboratory. Mortality of insect, number of eggs 

laid, viable eggs count and subsequent F1adult emergence were separately monitored 
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in all the treatments. Triple layer Purdue Improved Crop Storage (PICS) bags with 

three different thicknesses (0.05, 0.06 and 0.07mm) were used. Twenty (20g) of 

disinfested cowpea seeds were separately put into these bags, and Three (3) pairs of 

newly emerged C maculatus were released into each of the bags. Each treatment was 

replicated three (3) times and arranged in complete randomized design. Mortality, 

number of egg laid, viable eggs, F1 adult emergence and weight loss of the seeds were 

recorded. The initial weight of cowpea (20g) were measured and the final weight of 

cowpea after F1 adult emergence of C. maculatus were also measured using weighting 

balance. Weight loss was then calculated using the following formula. Weight loss= 

initial weight –final weight /initial x100 

 

Statistical Analysis 

Data were analyzed using SPSS version 20. One-way ANOVA was conducted, and 

treatment means were compared using Least Significant Differences (LSD) at a 5% 

significance level. 

 

Table 1: Mortality of Callosobruchus maculatus reared under different storage 

technologies 

Treatment Amount/Time 

/Size 

Weight of 

cowpea (g) 

Number of 

insects 

used 

Mortality percentage 

    24 Hours 48 Hours 72 Hours 96 Hours 

Rice husk ash  1g 20 6 0.00a 5.55a 22.22b 44.44b 

 2g 20 6 22.22b 50.00b 88.88c 100.0d 

 3g 20 6 33.33c 77.77c 100.0d 100.0d 

Lemon grass  1g 20 6 0.00a 0.00a 11.11a 27.7b 

 2g 20 6 5.55a 11.11a 36.88b 61.11c 

 3g 20 6 16.11b 36.88b 55.55b 72.22c 

Hydrothermal  10 min 20 6 0.00a 0.00a 5.55a 22.22b 

 15 min 20 6 5.55a 5.55a 22.22b 22.22b 

 20 min 20 6 5.55a 11.11a 33.33b 50.00b 

Tripple bagging  0.05 mm 20 6 11.11b 38.88b 66.66c 88.88c 

 0.06 mm 20 6 27.77c 55.55b 83.33c 100.0d 

 0.07 mm 20 6 38.88c 83.33c 94.44d 100.0d 

Control (-ve)   20 6 0.00a 0.00a 0.00a 0.00a 

 

Mean with the same letter within a column are not significantly different from each other by ANOVA and turkey test 

(p< 0.05). 

 

Table 2: Oviposition and egg viability of C.maculatus  in cowpea seed treated with 

different storage technologies 

Treatment  Amount/Time 

/Size 

Weight of 

Cowpea 

Seed(g) 

 

Number of 

Insect, 

Used 

Mean number 

of egg laid, 

(± S.E)  

Mean number of 

viable eggs  

(± S.E) 

Viable egg (%) 

 

Rice husk ash  1g 20  6  40.33±2.02d  33.33±1.45c  82.64  

   2 g 20  6  31.66±2.02c  29.33±0.66c  92.64  

   3 g 20  6  16.33±0.88b  14.66±1.45b  89.77  

Lemon Grass  1 g 20  6  41.33±0.66d  35.00±2.33c  84.68  

   2 g 20  6  37.33±1.20d  32.00±1.15c  85.72  

   3 g 20  6  28.33±1.20c  20.66±1.20b  70.59  

Hydrothermal  10min  20  6  47.00±2.31e  42.33±2.12d  90.06  

   15min  20  6  40.33±2.02d  32.66±1.31c  80.98  

   20min  20  6  36.00±1.43d  30.00±2.01c  83.33  

Triple bagging  0.05mm  20  6  13.66±0.88b  9.33±0.88a  68.30  

   0.06mm  20  6  8.33±0.88a  5.33±0.88a  63.98  

   0.07mm  20  6  5.33±0.88a  3.00±0.57a  56.28  

 Control(-ve)     20  6  0.00±0.00a  102±0.53e  0.00  
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The same letter within a column is not significantly different from each other by ANOVA and turkey 

test (p< 0.05). 

 

Table 3: Emergence of F1 adult C.maculatus from cowpea seed treated with different 

storage technologies 

Treatment Amount/Time 

/Size 

Weight of 

Cowpea Seed 

Number of 

Insect used 

Mean number 

of viable eggs 

(± S.E) 

Mean no. of Adult 

Emergence 

(± S.E) 

F1 adult 

emergence (%) 

Rice husk ash  1  20  6  33.33±1.45c  26.33±2.33b  65.00  

   2  20  6  29.33±0.66c  21.21±2.65b  66.32  

   3  20  6  14.66±1.45b  11.2±.0.88a  67.33  

Lemon Grass  1  20  6  35.00±2.33c  27.66±1.42b  66.92  

   2  20  6  32.00±1.15c  21.66±1.33b  58.02  

   3  20  

6  

 20.66±1.20c  15.33±1.76a  54.11  

Hydrothermal  

s.  10min  20  6  42.33±2.12d  35.33±1.23c  75.17  

   15min  20  6  32.66±1.31c  27.33±1.41b  67.76  

   20min  20  6  30.00±2.01c  22.33±1.31b  62.02  

Triple bagging  0.05mm  20  6  9.33±0.88a  5.33±0.33a  72.63  

   0.06mm  20  6  5.33±0.88a  3.66±0.88a  75.04  

   0.07mm  20  6  3.00±0.57a  1.33±0.88a  49.14  

 Control(-ve)   20  6  102±0.53b  92±0.53b  90.19  

The same letter within a column are not significantly different from each other by ANOVA and 

turkey test (p< 0.05). 

 

Table 4: Loss of weight of cowpea seeds infested with C.maculatus which were treated 

with different storage technologies 

Treatment  Amount/Time 

/Size 

number of 

insects used  

initial weight of 

cowpea seeds 

final weight of 

cowpea seeds 

loss of 

weight  

Weight loss (%)  

Rice husk ash  1  6  20  16.52±0.24b  3.42 17.0  

   2  6  20  17.74±0.23c  2.26  11.3  

   3  6  20  18.83±0.10d  1.17  5.9  

Lemon Grass  1  6  20  16.58±0.68b  3.48  17.2  

   2  6  20  17.84±0.13c  2.17  10.8  

   3  6  20  18.94±0.21d  1.06  5.3  

Hydrothermal  10min  6  20  15.628±0.21b  4.38  21.9  

   15min  6  20  16.08±0.13c  3.92  19.6  

   20min  6  20  17.03±0.07c  2.97  14.85  

Triple 

bagging  0.05mm  6  20  18.10±0.16d  1.90  9.5  

   0.06mm  6  20  18.50±0.26d  1.50  7.5  

   0.07mm  6  20  19.36±0.08d  0.64  3.2  

control(-ve)     6  20  11.6±0.70a  8.4  41  

Mean ± S.E with the same letter within a column are not significantly different from each other by ANOVA and turkey 

test(p< 0.05). 

 

3. RESULTS AND DISCUSSION 

 

The study found that rice husk ash and triple-layer bags at their highest application 

levels (3g and 0.07mm, respectively) caused complete mortality (100%) of C. maculatus 

within 96 hours. This aligns with earlier studies (e.g., IIeke, 2012; Suleiman et al., 

2011) showing botanical powders can be lethal to storage pests. Egg laying and viability 

were significantly reduced in seeds treated with these methods. For example, the 

0.07mm triple bag resulted in only 5.33 eggs laid and 3 viable eggs, compared to over 

100 in untreated samples. These findings are consistent with those of Umar (2008) and 

Othira et al. (2009), who noted oviposition deterrent effects from botanical powders. 

Emergence of F1 adults was also lowest in the triple-layer bag treatment (1.33 adults) 
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and rice husk ash (11.2 adults), suggesting these methods are effective in disrupting 

insect development. The data correlate with those of IIeke & Oni (2011) and Ibrahim & 

Aliyu (2014), who observed inhibition of progeny emergence with similar treatments. 

Seed weight loss followed a similar trend, with the least damage in triple-layer bags 

(0.64g) and lemon grass (1.06g), far below the control group’s 8.4g. This finding aligns 

with Parwada et al. (2012) and Simbarashe et al. (2013), who showed that botanical 

powders reduce grain damage. 

 

4. CONCLUSION 

 

The results showed variations in effectiveness to the various storage technologies of 

control of C. maculatus. Highest percentage mortality of adult C. maculatus (100%) 

were recorded on seed treated with rice husk ash and tripple bags at high treatment 

level of 3g and in 0.07mm, respectively, at 96hours of treatment. While the lowest 

mortality were recorded on seed treated with lemon grass leaf and hydrothermal steam 

at highest treatment level of 3g and 20minutes which recorded 72.22 and 50.00, 

respectively at 96hour of treatment. Tripple layer hermetic bags at 0.07mm thickness is 

the most effective in preventing oviposition and viability of C.Maculatus eggs which 

recorded 5.33±0.88 number of eggs laid and 3.00±0.57 number of viable eggs when 

compared with other treatments. Adult emergence were significantly (P<0.05) reduced 

in tripple layer bags at 0.07mm wall thickness 1.3±0.88 and at concentrations of 3g of 

rice husk ash 11.2±0.88 respectively, Maximum reductions of seed weight loss were 

recorded in tripple bags 0.64±0.08 at 0.07mm thickness and Lemon grass leaf 1.06±0.10 

at concentrations of 3g respectively. 
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