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Evaluating Neem Extracts, Neemsol, and Cypermethrin for Sustainable Insect Pest Control in Cowpea (Vigna unguiculata)
        

Abstract
Cowpea (Vigna unguiculata) is a valuable crop widely cultivated for its ecosystem services and contribution to carbon credit schemes. It is an important legume crop in sub-Saharan Africa, serving as a major source of plant-based protein, essential amino acids, vitamins, and minerals. However, its production is significantly constrained by susceptibility to insect pests across all growth stages. This study evaluated the efficacy of neem-based treatments: neem extract (Azadirachta indica) at concentrations of 5%, 10%, and 20%, neemsol (GA), and cypermethrin in controlling cowpea insect pests under field conditions. The experiment was arranged in a randomised complete block design with three replications per treatment, including an untreated control. All data collected were subjected to analysis of variance (ANOVA) using software IBM-SPSS 2020 and means separated using Duncan’s Test of Significance. All neem-based treatments demonstrated pest control efficacy comparable to cypermethrin. Although cypermethrin-treated plots yielded the highest number of pods (103.67), neemsol (76.00) and neem at 20% concentration (76.33) also produced substantial pod numbers. Notably, neem-treated plots produced the highest seed weight (79.72 g), surpassing both cypermethrin (74.03 g) and neem at 20% concentration (58.22 g). Given its minimal cost and comparable performance, neem extract at 20% concentration presents a promising, low-input alternative to synthetic pesticides. The efficacy of cypermethrin was not significantly different from neem oil, GA, and neem leaves extract at 20% concentration. This suggests that neem-based products could be a viable alternative to synthetic insecticides for managing insect pests on cowpea. These findings underscore the potential of neem-based biopesticides for sustainable insect pest management in cowpea cultivation.
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Introduction
Cowpea (Vigna unguiculata L. Walp) is native to Central Africa and belongs to the family Leguminaceae with subfamily Papilionaceae. The common names are Black-eye-pea, Southern pea, China pea, Marble pea. Cowpea is an annual herbaceous plant known for its drought-hardy nature with a large tap root system and alternate trifoliate leaves with ovate leaflets (Chauhan et al., 2023). . It is an important legume crop in sub-Saharan Africa, serving as a major source of plant-based protein, essential amino acids, vitamins, and minerals. It is a key component of human and livestock diets, particularly in low-income rural communities (Enyiukwu et al., 2018). It is a centuries-old human crop, having originated in Africa and spread throughout Latin America and Southeast Asia. It's a warm-season, vascular annual pulse crop with a wide range of uses (Abebe et al., 2022; Osipitan et al., 2021). Agronomically, cowpea enhances soil fertility through biological nitrogen fixation, supporting crop rotation systems and contributing to improved yields of subsequent crops (Mndzebele et al., 2020). Its multifunctional use in both food and fodder markets makes it valuable for income diversification, rural development, and food security (Nwagbuso et al., 2024). However, cowpea production faces significant challenges from insect pests that affect the crop at various growth stages, including vegetative, flowering, and pod development phases (Oyewale and Bamaiyi, 2013). Major insect pests such as the cowpea weevil (Callosobruchus maculatus), aphids (Aphis craccivora), and the legume pod borer (Maruca vitrata) are responsible for considerable yield losses globally (Togola et al., 2023). In some regions, pest-induced yield losses have been reported to range from 20% to 89% (Kumar et al., 2015). Chemical insecticides are commonly used to manage these pests; however, their application raises concerns related to environmental contamination, human health risks, and the development of insecticide resistance. These limitations have intensified the search for alternative pest management strategies that are environmentally safe and economically feasible. Among such alternatives, botanical pesticides, particularly those derived from neem (Azadirachta indica) have demonstrated efficacy in suppressing pest populations with minimal ecological impact. Despite numerous studies on the use of botanical extracts (Stevenson et al., 2017; Liyun et al., 2020) in insect pest management, there is a paucity of comparative research evaluating the effectiveness of organic biological insecticides such as neem oil relative to other low-cost pest control options. Therefore, this study aims to compare the efficacy of neem extract, neemsol, and cypermethrin in managing insect pests associated with cowpea cultivation.

Materials and Methods

The study was conducted at the Teaching and Research Farm and Research Laboratory of the Department of Crop, Horticulture and Landscape Design, Ekiti State University, Ado-Ekiti, Ekiti State, Nigeria. Eighteen plots were demarcated and arranged in a randomised complete block design with three replications of six treatments.  The plot size was 3 m x 3 m with 1 m x 2 m gaps between adjacent plots and blocks. Planting was done manually using hand. The crop was spaced out at 30cm x 60cm with a plant depth of 2cm. 2-3 seeds were sown per hole.

Procedure
Neem leaves were air-dried for two weeks and were picked from the branches and milled into fine particles using an electric blender. 60 grams of neem powder were weighed and taken into the laboratory for extraction. Extraction was done using a shaker. 1200ml of distilled water was measured using a measuring cylinder and added to the measured neem powder and shaken using an electric shaker for 24 hours. Aqueous neem was then filtered using filter papers, funnels and conical flasks. The filtrate then served as a stock solution for the experiment. The extract from each plant was diluted to various concentrations (5, 10 and 20 %), meaning that 5, 10 and 20% each was collected separately from 1200 ml of the stock solution. However, 5% was equivalent to 50ml, 10% was equivalent to 100ml, while 20% was 200ml of the stock solution. In the case of cypermethrin, 2.6ml was added to1L of water. For neemsol (GA), 2ml was added to 1 L of water. The treatments, which were done on a weekly basis, were done by spraying each plot very early in the morning using an appropriate concentration of the insecticides as stated in the section above. Treatment application commenced, 35 days after planting. Observations and counting of insect pests on each treated plot were done a day after spraying the plots with the different management options.


Data Collection and Analysis
Data was collected on the number of insect pests attacking cowpea at vegetative and fruiting stages, insect pest damage on cowpea at the vegetative stage and the yield of cowpea. All data collected were subjected to analysis of variance (ANOVA) using software IBM-SPSS 2020 and means separated using Duncan’s Test of Significance.

Results and Discussion

Table 1 shows the array of insect pests identified on the cowpea plot. The pests associated with cowpea in the field were from five insect order: Hemiptera, Coleoptera, Thysanoptera, Diptera, and Lepidoptera. Our findings corroborate (Togola et al., 2023; Tamo et al., 2019) who listed the most widespread and damaging insect pests attacking cowpea as the legume pod borer, Maruca vitrata Fabricius (Lepidoptera: Crambidae), the cowpea aphid, Aphis craccivora Koch (Homoptera: Aphididae), the flower bud thrips, Megalurothrips sjstedti Trybom (Thysanoptera: Thripidae), the pod sucking bugs, Clavigralla tomentosicollis Stal (Hemiptera: Coreidae), and the cowpea weevil Callosobruchus maculatus Fabricius (Coleoptera: Chrysomelidae). 


Table1: Identified insect pests, pestiferous life stages and nature of damage
	Insect
	Scientific name

	Order
	Plant stage
	Pestiferous life stages

	Nature of damage


	Whitefly
	Bemisia tabaci

	Hemiptera
	Vegetative, Flowering

	Nymph and adult
	Sap sucking, honey dew, virus transmission


	Mexican bean beetle
	Epilachna varivestis
	Coleoptera
	Vegetative, Fruiting

	Larva and adult
	Defoliation and pod damage

	Aphids
	Various spp
	Hemiptera
	Vegetative, Flowering

	Nymph and Adult
	Sap sucking, honey dew, virus transmission


	Flea beetle
	Chaetocnema spp
	Coleoptera
	Vegetative, 

	Adult
	Leaf damage and shot-hole symptoms

	Leafhopper
	Empeasca spp
	Hemiptera
	Vegetative, Flowering

	Nymph and adult
	Sap sucking, honey dew, virus transmission


	Cutworm
	Agrotis spp
	Lepidoptera
	Vegetative
	Larva
	Stem cutting and leaf damage

	Legume pod borer
	Maruca vitrata
	Lepidoptera
	Fruiting
	Larva
	feed on buds and flowers, and bore into the bean pods

	Stink bug
	Nezara viridula
	Hemiptera
	Fruiting
	Adult
	Pod damage

	Riptortus bug
	Riptortus dentipes
	Hemiptera
	Vegetative, Flowering

	Nymph and adult
	Sap sucking and seed damage

	Squash bug
	Anasa tristis
	Hemiptera
	Vegetative, Fruiting

	Larva and adult
	Sap sucking and seed damage

	Flower thrips
	Megalurothrips sjstedti
	Thysanoptera
	Flowering
	Larva and adult
	Flower damage

	Chequered weevil
	Various spp
	Coleoptera
	Vegetative, Fruiting

	Larva and adult
	Leaf damage and pod damage

	Bean fly
	Ophiomyia spp
	Diptera
	Vegetative
	Larva
	Leaf mining and stem damage

	Darkling beetle
	Alphitobius diaperinus
	Coleopteran
	Vegetative, Fruiting

	Larva and adult
	Seed damage and pod damage



The insect pest observed in the cowpea field at the vegetative stage is shown in Table 2. The predominant insect pests at the vegetative stage were whitefly, flea beetle and leafhopper. The highest average number of whiteflies was recorded on the control plots (3.00), followed by neem extracts at 5%, 10% and 20% (2.67, 2.67, 2.67), respectively. However, cypermethrin-treated plots (0.33) had the lowest average number of whiteflies and followed by neemsol (1.00). The highest average number of 5.67 was recorded on the control plots for flea beetle. This was significantly higher than neem @ 5% (2.67), neem @ 10% (2.33), neem @ 20% (2.00) and cypermethrin (2.00). However, there was no significant difference between the average number recorded on the control plots (5.67) and neemsol (3.33). For leafhopper, the highest average number of insects was recorded among the control-treated plots (15.55). Neem @ 5% (14.67) ranked second, followed by cypermethrin (13.00), and neem @ 10% (12.33). However, the lowest average number was observed among the neem @ 20% treated plots (10.00) and followed by neemsol (11.00). Whitefly, Bemisia tabaci, is an important limiting profitable cultivation of cowpea, not only by direct sap sucking but also by transmitting the yellow vein mosaic virus in cowpea. Direct feeding damage is caused by sucking the sap from the foliage of plants. This feeding causes weakening and early wilting of the plant and reduces the plant growth rate and yield. It also causes leaf chlorosis, leaf withering, premature dropping of leaves and plant death (Anandmurthy et al., 2018).  Leafhopper can also cause damage to cowpea through sap-feeding on the lower leaf surface. Other symptoms include crinkling around margins and upward curling of leaves; leaf tips and margins develop necrotic areas (Jawad and Nawar, 2023).

Table 2: Mean occurrence of insect pest on cowpea plant at vegetative stage

	Treatment
	Whitefly
	Mexican bean beetle
	Aphids
	Flea beetle
	Leafhopper
	Cutworm
	Stinkbug

	Neemsol GA
	1.00b
	1.67a
	5.67a
	3.33ab
	11.00ab
	1.67a
	0.00c

	neem@5%
	2.67a
	0.00b
	4.00a
	2.67b
	14.67ab
	0.67b
	1.33ab

	Control
	3.00a
	2.00a
	0.00b
	5.67a
	15.33a
	0.33c
	0.67bc

	neem@10%
	2.67a
	0.00b
	5.00a
	2.33b
	12.33ab
	0.00c
	2.00a

	Cypermethrin
	0.33b
	0.00b
	0.00b
	2.00b
	13.00ab
	0.67b
	1.00abc

	Neem@20%
	2.67a
	0.00b
	0.00b
	2.00b
	10.00b
	0.00c
	0.33bc


Means within the rows followed by the same lowercase letter(s) do not differ significantly according to Duncan’s test of significance.

The insect pest observed in the cowpea field at the fruiting stage is shown in Table 3. The predominant insect pest at the fruiting stage was the legume pod borer and stinkbugs. The highest mean number of legume pod borer was recorded on the control plots (20.00). followed by neem @5% (19.33), and neem @10% (16.33). There were no significant differences in the number of pod borers recorded among the above treatments. However, lower mean numbers were recorded among the cypermethrin-treated plots (4.67), neem @20% (8.67) and neem sol (7.33). The highest mean number of stinkbugs was observed on the control plots (12.33), followed by neem @5% (11.33), @ 10% (10.33) and @ 20% (10.00) with no significant difference between them. Cypermethrin-treated plots had the lowest mean number of stink bugs (5.33), followed by neemsol (9.00). Legume pod borer feeds on buds and flowers, and bores into the bean pods, eating the seeds and leaving a hole in the pod. Legume pod borers can cause yield losses of up to 80% (Sharma et al., 1999). Similarly, stink bug damage to cowpea pods can lead to significant yield losses, ranging from 20-50% depending on the severity of infestation (Kusi et al., 2019).




Table 3: Mean occurrence of insect pest on cowpea plant at fruiting stage
	Treatment
	Mexican bean beetle
	Pod borer
	Flea beetle
	Leaf hopper
	Stink bug
	Ladybird beetle
	Bean fly

	Neemsol GA
	0.00b
	7.33b
	0.00c
	0.00b
	9.00ab
	0.00a
	0.33a

	Neem@5%
	0.67b
	19.33a
	0.00c
	0.67ab
	11.33ab
	0.00a
	0.33a

	Control
	2.67a
	20.00a
	2.00a
	1.33a
	12.33a
	0.67a
	0.00b

	Neem@10%
	0.33b
	16.33a
	0.67bc
	0.67ab
	10.33ab
	0.00a
	0.00b

	Cypermethrin
	0.00b
	4.67b
	0.00c
	0.00b
	5.33b
	0.00a
	0.00b

	Neem@20%
	0.00b
	8.67b
	1.33ab
	1.33b
	10.00ab
	0.33a
	0.00b


Means within the rows followed by the same lowercase letter(s) do not differ significantly according to Duncan’s test of significance.


Table 4 shows the effect of cypermethrin, neemsol, neem @5%, @10%, and @20% on the number of pods, weight of pods and seed weight of harvested cowpea. Cypermethrin-treated plots had the highest number of pods (103.67), weight of pods (109.18g), and seed weight (74.03g). Neemsol GA treated plots had the second highest number of pods (76), weight of pods (106.84g), and seed (79.72g). Neem @20% treated plots ranked third with seventy-seven (77.00) number of pods, eighty-six grams (86.00g) of pod weight, and fifty-eight (58.00g) seed weight. In contrast, the control treatment had the lowest number of pods (55.67), weight of pods (30.10g), and seed weight (13.94g). The highest yield recorded among the cypermethrin-treated plots is supported by the claims of Tanzzubil (1991 and 2000). He reported that protecting cowpea with insecticide application increased yields several-fold and that complete crop failure often results when improved cowpea varieties are grown without insecticide sprays. The comparative yield obtained from neemsol and neem extract at 20% is an indication that botanical insecticides not only confer some degrees of protection against insect pests attacking cowpea in the field, but they also improve its yield potential.


	Treatment
	Number of pods
	Weight of pods(g)
	Seed weight(g)

	Neemsol GA
	76.00a
	106.84a
	79.72a

	Neem @5%
	52.00a
	44.90c
	27.74c

	Control
	55.67a
	30.10c
	13.94c

	Neem @10%
	62.00a
	46.33c
	25.19bc

	Cypermethrin
	103.67a
	109.18a
	74.03a

	Neem @20%
	77.33a
	86.38b
	58.22b


Table 4: The effect of cypermethrin, neemsol, neem @5%, @10%, and @20% on cowpea 
Means within the rows followed by the same lowercase letter(s) do not differ significantly according to Duncan’s test of significance.

Conclusion
The comparative study revealed that while cypermethrin, a synthetic insecticide, showed the most effective results in controlling insect pests attacking cowpea in the field. Cypermethrin-treated plots also gave the highest yield. However, the efficacy of cypermethrin was not significantly different from neem oil GA and neem leaves extract at 20% concentration. This suggests that neem-based products could be a viable alternative to synthetic insecticides for managing insect pests on cowpea.
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