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INTRODUCTION 

Common bean (Vigna unguiculata L.), widely known as 

cowpea, is a vital staple crop in sub-Saharan Africa, providing 

a significant source of dietary protein for millions of people 

(Boukar et al., 2016). Beyond its nutritional importance, 

cowpea supports the livelihoods of smallholder farmers and 

plays a central role in food security strategies across the region. 

Its adaptability to drought-prone areas and relatively low 

production costs makes it especially crucial for low-income 

households (Affognon et al., 2015). 

Despite its significance, cowpea production and storage face 

persistent challenges, among which post-harvest losses due to 

insect pests remain particularly severe. The cowpea weevil 

(Callosobruchus maculatus) is the most destructive pest of 

stored cowpea, capable of causing losses that can exceed 50% 

if left unmanaged (Kedia et al., 2015). The pest reproduces 

rapidly in storage: females lay eggs on the seed coat, and 

emerging larvae burrow into the seeds, damaging internal 

tissues. This reduces seed viability for planting, lowers 

nutritional value for consumption, and undermines market 
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 A B S T R A C T  

 This study evaluates the insecticidal effects of two plant powders, Piper 

guineense and Aframomum melegueta, on the mortality and emergence of 

Callosobruchus maculatus, a significant pest of stored beans. Using a 

completely randomized design (CRD), different concentrations (0 g, 5 g, 10 g, 

15 g, and 20 g) of the plant powders were applied to 100 g samples of black-

eyed peas. Mortality rates were recorded daily for seven days. Data collected 

was subjected to descriptive statistics and analysis of variance. Piper 

guineense exhibited a remarkable insecticidal effect, achieving 100% mortality 

across all concentrations by Day 6. In contrast, Aframomum melegueta showed 

a more gradual effect, with the highest concentration (20 g) reaching only 

93.33% mortality by Day 7. Additionally, P. guineense completely suppressed 

the emergence of adult weevils at 5 g and 15 g concentrations, while A. 

melegueta achieved only moderate suppression at higher concentrations. Piper 

guineense recorded higher average mortality at 15 g (73.33%) and 20 g 

(67.62%) compared to A. melegueta (57.14% and 56.67%, respectively), 

though these differences were not statistically significant (p > 0.05). Notably, 

P. guineense completely suppressed adult weevil emergence at some 

concentrations, highlighting its practical potential as a natural insecticide for 

managing C. maculatus in stored beans and supporting its use in sustainable 

pest control strategies. 
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quality, thereby threatening household food security and farmer 

incomes (Affognon et al., 2015). 

Traditionally, farmers have relied on synthetic insecticides as 

the primary means of control. While effective in the short term, 

these chemicals raise several concerns: health risks to 

consumers and handlers, environmental contamination, 

pesticide residues on food, and the growing problem of 

insecticide-resistant pest populations (Stevenson et al., 2017). 

These challenges underscore an urgent need to identify and 

promote safer, sustainable alternatives for post-harvest pest 

management. 

Botanical insecticides have attracted increasing attention in this 

regard. They are generally biodegradable, less toxic to humans 

and non-target organisms, and often locally available, which 

makes them more affordable and culturally acceptable in 

smallholder farming systems (Stevenson et al., 2017). Two such 

botanicals Dennettia tripetala and Piper guineense are 

indigenous to West Africa and traditionally used in medicine 

and cooking. Research suggests that D. tripetala contains 

bioactive compounds with insect-repelling and toxic properties, 

although its insecticidal potency may require higher 

concentrations for effective control (Okonkwo et al., 2020). In 

contrast, P. guineense has demonstrated stronger insecticidal 

effects, primarily due to compounds such as piperine, which 

disrupt insect nervous systems and feeding behavior (Nzelu et 

al., 2020). 

However, comparative studies evaluating the effectiveness of 

these two botanicals under similar conditions remain limited, 

particularly regarding their impact on both mortality rates and 

suppression of adult emergence of C. maculatus. Understanding 

these differences is important for developing practical 

recommendations tailored to local storage practices and 

economic realities of smallholder farmers. Therefore, this study 

aims to compare the insecticidal efficacy of Dennettia tripetala 

and Piper guineense powders against C. maculatus in stored 

cowpea. Specifically, it evaluates their effects on adult 

mortality and the inhibition of F₁ adult emergence. The findings 

are expected to contribute to the development of sustainable, 

cost-effective, and environmentally friendly pest management 

strategies that can help safeguard cowpea grain quality, reduce 

economic losses, and strengthen food security in sub-Saharan 

Africa. 

MATERIALS AND METHODS 

Study Area Description 

This study was carried out at the Department of Crop Science 

and Horticulture, Faculty of Agriculture, Nnamdi Azikiwe 

University, Amadi Village, Ifite Ogwari, Ayamelum Local 

Government Area, Anambra State, Nigeria. The study site lies 

within the coordinates 6.9284° N latitude and 6.8891° E 

longitude. It is located in the humid rainforest agro-ecological 

zone of southeastern Nigeria. The area experiences an annual 

rainfall ranging from 1,800 to 2,200 mm, with a distinct rainy 

season between April and October. The average annual 

temperature ranges from 25°C to 30°C, and the relative 

humidity is generally high, between 70% and 85%. (NIMET 

2022) 

Experimental Design 

A 2 × 5 factorial experiment was laid out in a Completely 

Randomized Design (CRD), involving two insecticidal plant 

powders (Piper guineense and Aframomum melegueta) each 

tested at five concentration levels: 0 g (control), 5 g, 10 g, 15 g, 

and 20 g per 200 g of cowpea grains. Each treatment was 

replicated three times. 

The rationale for selecting these concentration levels is based 

on two key considerations. First, previous studies evaluating the 

insecticidal efficacy of botanical powders against 

Callosobruchus maculatus have shown that doses within the 

range of approximately 5–20 g per 100–500 g of grains can 

effectively reduce adult mortality and suppress F₁ progeny 

emergence, while still being economically feasible and safe for 

smallholder farmers (Nzelu et al., 2020; Adesina & Ofuya, 

2015). Second, testing a gradient of doses from low (5 g) to 

higher concentrations (20 g) allows for determining both the 

minimum effective dose and whether increasing dosage 

proportionally enhances efficacy. This helps identify an optimal 

rate that balances pest control effectiveness with cost and 

practical application in typical smallholder storage conditions. 

Sourcing and Preparation of the plant extracts 

Two kilograms of black-eyed peas (Vigna unguiculata) were 

purchased from Eke Awka open Market in Anambra State. 

Beans were sorted for uniformity, inspected for infestation, and 

refrigerated at 8°C for seven days to eliminate hidden pests. 

Seeds of Piper guineense and Aframomum melegueta were 

sourced from Eke Awka Market and authenticated by Experts 

from the department of Botany. One kilogram of each was 

cleaned, air-dried for 24 hours, and ground into fine powder 

using a nut grinder. Processing took place at the Botany 

laboratory, Nnamdi Azikiwe University. 

Insect Source and Rearing 

Adult C. maculatus were obtained from naturally infested 

cowpea grains sourced from a local market in Awka , Anambra 

State Nigeria. The insects were cultured under laboratory 

conditions (27 ± 2°C temperature and 70 ± 5% relative 

humidity) to establish a uniform laboratory colony. Clean, 

uninfested cowpea grains were sterilized by keeping them at –

18°C for 7 days to eliminate any hidden infestation, then 

conditioned to room temperature before use. Approximately 

200 unsexed adult C. maculatus were introduced into 1 kg of 

sterilized cowpea in plastic containers covered with muslin 

cloth to allow ventilation and prevent escape. After 10 days of 

oviposition, all adults were removed, and the infested grains 

were kept undisturbed until adult emergence. Newly emerged 

F₁ adults (15 days old) were then used for the bioassays. 

https://www.doi.org/10.5281/zenodo.17227496
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Experiment on P. guineense and A. melegueta on C. 

maculatus Mortality 

Each 100 g sample of sterilized cowpea grains was placed in 

plastic vials and treated with 0 g (control), 5 g, 10 g, 15 g, or 20 

g of plant powder (Piper guineense or Aframomum melegueta). 

The vials were gently shaken to ensure uniform distribution of 

the powders over the grains. 

Ten 15-day-old adults C. maculatus were introduced into each 

treated vial, and the opening was secured with muslin cloth to 

allow airflow while preventing insect escape. Mortalities were 

observed and recorded daily for seven days. Each treatment 

combination was replicated three times to ensure data 

reliability. 

Experiment on the Plant Extracts on Progeny Adult 

Emergence 

To assess emergence, 100 g of untreated beans were first 

infested with 10 adult weevils and kept for 14 days to allow 

oviposition. The adults were then removed, and the beans were 

treated with varying concentrations of each plant powder as 

above. Samples were monitored for 35 days post-treatment. 

Emerged adults, larvae, and pupae were counted at the end of 

the period. All treatments were replicated three times. 

Data Analysis 

Data on adult mortality and F₁ progeny emergence were 

subjected to one-way analysis of variance (ANOVA) using 

Genstat statistical software (Version 9.2). Mean differences 

among treatment concentrations were separated using the Least 

Significant Difference (LSD) test at a 5% level of significance 

(P < 0.05), (Partal & Kaşkavalcı, 2024) 

RESULTS 

Efficacy of Piper guineense and Aframomum melegueta on 

the Mortality of Callosobruchus maculatus 

Table 1 presents the 7-day mortality of C. maculatus exposed 

to varying concentrations (0 g, 5 g, 10 g, 15 g, 20 g) of P. 

guineense and A. melegueta. Results showed significant 

differences (P < 0.05) between treatments, confirming the dose-

dependent insecticidal effects of both plant extracts. 

In the control (0 g), mortality was negligible, with only 3.33% 

observed on Day 7, indicating minimal influence from external 

factors. In contrast, P. guineense induced rapid and complete 

mortality across all doses. Mortality began on Day 2 at 5 g 

(16.67%) and reached 100% by Day 6. The 10 g and 15 g 

concentrations-initiated mortality on Day 1 (3.33% and 6.67%, 

respectively) and also reached 100% by Day 6. The 20 g 

treatment showed the most rapid effect, with 6.67% mortality 

on Day 1 and full mortality by Day 6. These results confirm the 

strong, consistent efficacy of P. guineense. 

A. melegueta, however, showed a slower and less complete 

response. At 5 g, mortality began at 20% and rose to 70% by 

Day 7. The 10 g dose reached 83.33%, 15 g reached 86.67%, 

and 20 g peaked at 93.33% by Day 7. While A. melegueta 

demonstrated a positive dose-response, none of its treatments 

achieved full mortality within the 7-day period, indicating it is 

less effective than P. guineense. 

Table 1: Effect of different concentrations of the plant extracts on Percentage Mortality of C.maculatus 

 Mortality 

Treatments 

Concentration(g) 
Day 1 Day2 Day3 Day4 Day5 Day6 Day7     

        

P.guineense(0) 0.00 0.00 0.00 0.00 0.00 0.00 3.33 

P.guineense(5) 0.00 16.67 36.67 60.00 86.67 100.00 100.00 

P.guineense (10) 3.33 23.33 40.00 63.33 93.33 100.00 100.00 

P.guineense (15) 6.67 26.67 60.00 86.67 93.33 100.00 100.00 

P.guineense (20) 6.67 53.33 76.67 86.67 96.67 100.00 100.00 

LSD(0.05) 6.25 15.25 21.74 26.47 30.83 33.16 32.06 

A.meleguetta (0) 0.00 0.00 0.00 0.00 0.00 0.00 3.33 

A.meleguetta (5) 20.00 36.67 40.00 50.00 56.67 66.67 70.00 

A.meleguetta (10) 23.33 36.67 43.33 56.67 66.67 66.67 83.33 

A.meleguetta (15) 33.33 36.67 46.67 63.33 73.33 76.67 86.67 

A.meleguetta (20) 33.33 36.67 50.00 70.00 80.00 90.00 93.33 

LSD(0.05) 11.51           13.67 16.01 21.07 24.13 26.08 27.38 

Figure 1 illustrates these trends, showing a stark contrast 

between the treated groups and the control. The control group’s 

mortality remained minimal (3.33% by Day 7), reinforcing the 

conclusion that the observed mortality in the treated groups is 

primarily due to the insecticidal action of the extracts. Piper 

guineense exhibited a rapid and consistent increase in mortality 

across all concentrations, with all treatments reaching 100% 

mortality by Day 6. In contrast, Aframomum meleguetta 

https://www.doi.org/10.5281/zenodo.17227496
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displayed a more gradual mortality increase, with none of the 

concentrations reaching full control by Day 7. 

 
Figure 1: Mortality trends of C. maculatus over seven days 

under treatments with P. guineense, A. melegueta, and 

control. 

Table 2: Compares the efficacy of Piper guineense and 

Aframomum meleguetta at varying concentrations (5g, 10g, 

15g, 20g) against Callosobruchus maculatus. Despite the 

visible differences in mortality rates between the two extracts 

(with Piper guineense reaching 100% mortality across all 

concentrations), the statistical analysis shows no significant 

differences between the extracts at any concentration (p > 0.05). 

This suggests that while Piper guineense appeared to achieve 

complete control faster, the observed differences in mortality 

rates between the two extracts were not statistically significant. 

Table 2: Comparing the effect of P.guimeense and 

A.meleguetta on Mortality      

 Average Mortality 

Concentration 

P. 

guineense 

 A. 

meleguetta 

p-

value  

LSD 

(0.05) 

5 58.10 64.76 0.71 NS 

10 60.48 49.52 0.51 NS 

15 73.33 57.14 0.34 NS 

20 67.62 56.67 0.52 NS 

Emergence of Callosobruchus maculatus as Affected by 

Different Concentrations of Piper guineense and 

Aframomum melegueta Extracts 

Table 3 shows the emergence of C. maculatus under various 

concentrations (0 g, 5 g, 10 g, 15 g, 20 g) of P. guineense and 

A. melegueta. Significant differences (P < 0.05) were observed 

between treatments and control, confirming the insecticidal 

efficacy of the extracts. In the control (0 g), 29.33 insects 

emerged, highlighting the natural reproductive potential of C. 

maculatus. In contrast, P. guineense completely suppressed 

emergence at 5 g and 15 g (0 insects), while only 0.33 emerged 

at 10 g and 20 g, indicating near-total inhibition of progeny 

development at all concentrations. 

A. melegueta showed a more gradual suppression. At 5 g, 7.33 

insects emerged; at 10 g, emergence dropped to 2.33; and at 15 

g and 20 g, it further declined to 0.33, showing strong but not 

total control at higher doses. Overall, P. guineense exhibited 

stronger and more consistent suppression of C. maculatus 

emergence than A. melegueta, which only matched its efficacy 

at higher concentrations. Statistical analysis confirmed the 

superiority of P. guineense in inhibiting progeny development. 

Table 3: Effect of different concentration of the Plant 

Extracts Emergence of Callosobruchus maculatus 

Treatment 

Concentration(g) 

Emergence 

P.guineense (0) 29.33 

P.guineense (5) 0 

P.guineense (10) 0.33 

P.guineense (15) 0 

P.guineense (20) 0.33 

LSD(0.05) 15.73 

  

A.meleguetta (0) 29.33 

A.meleguetta (5) 7.33 

A.meleguetta (10) 2.33 

A.meleguetta (15) 0.33 

A.meleguetta (20) 0.33 

LSD(0.05) 15.12 

Discussion 

This study demonstrates the insecticidal efficacy of Piper 

guineense and Aframomum melegueta powders against 

Callosobruchus maculatus, a significant pest of stored cowpea. 

The results revealed that P. guineense achieved complete 

(100%) mortality across all tested concentrations by Day 6, 

highlighting its rapid knockdown effect. In contrast, A. 

melegueta attained a slightly lower maximum mortality 

(93.33%) at the highest concentration (20 g) by Day 7, 

reflecting slower but substantial activity. Although P. 

guineense recorded numerically higher average mortality rates 

at several dosages (e.g., 73.33% at 15 g compared to 57.14% 

for A. melegueta), statistical analysis (ANOVA) showed no 

significant differences between treatments at p > 0.05, 

suggesting both botanicals are comparably effective overall. 

The rapid action of P. guineense aligns with findings by Nzelu 

et al. (2020), who attributed its quick efficacy to piperine and 

other alkaloids that disrupt insect neurotransmission, leading to 

paralysis and death. Fast knockdown is a desirable property in 

stored grain protection because it limits the period during which 

insects can feed and damage grains. Ileke et al. (2020) also 

described the neurotoxic mode of action of P. guineense, 

supporting the high mortality observed in this study. 

https://www.doi.org/10.5281/zenodo.17227496
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Conversely, A. melegueta demonstrated a slower but 

progressive increase in mortality, especially at higher 

concentrations. This trend mirrors findings by Ekeh et al. 

(2013), who noted that the insecticidal effect of A. melegueta is 

largely due to its essential oils and phenolic compounds, which 

act as fumigants or antifeedants rather than immediate 

neurotoxins. Similarly, Adesina & Ofuya (2015) found that A. 

melegueta powders gradually increased mortality of C. 

maculatus over several days, indicating a cumulative rather than 

instant effect. 

The minimal mortality (3.33%) observed in untreated control 

treatments underscores that the observed pest mortality in other 

treatments can be confidently attributed to the plant powders 

and not to natural death or handling stress. This strengthens the 

internal validity of the findings and reinforces the practical 

potential of these botanicals for storage pest control. 

Importantly, the statistical similarity in overall efficacy despite 

different speeds of action suggests that both botanicals could 

serve complementary roles within pest management strategies. 

Nwosu et al. (2020) emphasized that slower-acting botanicals 

can still achieve effective cumulative pest suppression if 

properly dosed and timed, supporting the value of A. melegueta 

in storage contexts where longer-term control may be needed. 

Meanwhile, the rapid knockdown effect of P. guineense makes 

it particularly attractive for acute infestations where immediate 

pest suppression is necessary. 

Parallel evidence from other commodities also strengthens the 

case for botanical insecticides. For instance, Ejiofor & 

Okonkwo (2023) evaluated the insecticidal activity of Zingiber 

officinale extract against Prostephanus truncatus on stored 

cassava chips, achieving complete mortality at higher 

concentrations (250 μl/ml and 500 μl/ml) after 7 days, 

comparable to the synthetic insecticide deltamethrin. Despite 

differences in target pest and crop, this study corroborates the 

broader effectiveness of botanicals as eco-friendly pest 

management options in diverse storage systems. Similarly, 

Ugwu et al., (2021) reported high mortality using A. melegueta 

and P. guineense extracts against Bactrocera dorsalis on stored 

fruits, further supporting the efficacy of botanicals across 

different storage contexts. 

The consistent efficacy observed across studies points to key 

advantages of botanicals over synthetic chemicals: lower 

environmental persistence and toxicity, reduced risk of pest 

resistance, and better safety for users and consumers. This 

aligns with Adarkwah et al. (2018), who highlighted botanicals 

as critical tools in sustainable grain storage due to their 

degradability and lower residue levels. Moreover, Nzelu et al. 

(2020) argued that widespread use of botanicals could mitigate 

health risks linked to synthetic pesticides. 

It is worth noting that while P. guineense’s rapid action is 

beneficial for fast suppression, A. melegueta’s slower effect 

does not diminish its value. Rather, it may provide sustained 

control through prolonged deterrence and reduced pest 

reproduction. This supports the perspective that combining fast- 

and slow-acting botanicals may optimize control and delay 

resistance, as suggested by Nwosu et al. (2019). 

Finally, the outcomes reinforce the principle that locally 

available botanicals, when appropriately processed and applied, 

can provide cost-effective and practical solutions for 

smallholder farmers facing storage pest challenges. While 

laboratory findings like these are promising, field validation 

under real storage conditions remains essential to confirm 

efficacy, persistence, and potential impacts on grain quality. 

In summary, the present findings align well with existing 

literature, confirming that P. guineense and A. melegueta 

powders offer comparable insecticidal efficacy against C. 

maculatus, with differences mainly in speed of action. 

Together, they add to the growing evidence supporting 

botanical insecticides as viable, sustainable alternatives in the 

management of storage pests. 

CONCLUSION AND RECOMMENDATIONS 

This study highlights the potential of Piper guineense and 

Aframomum meleguetta as effective botanical insecticides 

against Callosobruchus maculatus, a key pest in stored 

legumes. Although P. guineense demonstrated faster and 

complete mortality, statistical analysis revealed no significant 

difference in overall efficacy between the two extracts. Both 

extracts significantly reduced pest populations and suppressed 

insect emergence, confirming their viability for pest control in 

stored legumes. The comparable effectiveness of P. guineense 

and A. meleguetta underscores the growing recognition of 

botanical insecticides as sustainable, safer alternatives to 

synthetic chemicals, reducing the risks of chemical residues 

while ensuring effective pest management. 

Further research is recommended to explore several areas that 

could enhance the practical use of these botanicals. First, 

investigating the potential synergistic effects of combining 

Piper guineense and Aframomum meleguetta with other 

botanicals or synthetic insecticides may reveal improved 

efficacy against C. maculatus. Additionally, studies should 

assess the long-term impacts of these treatments on pest 

populations, storage quality, and the safety of stored products 

for consumers. Finally, it would be valuable to examine 

different application methods, such as incorporating these plant 

extracts into packaging materials or formulating essential oils, 

to optimize their use within integrated pest management (IPM) 

strategies. 
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