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Effects of Selected Organic Amendments on Growth and Yield of Bambara Groundnut (Vigna subterranea L.) in Abuja, Nigeria
ABSTRACT
Objective: This study was conducted to evaluate the comparative effectiveness of three organic materials—cassava peels (E1), neem leaves (E2), and poultry manure (E3)—on growth characteristics and yield performance of three Bambara groundnut (Vigna subterranea L.) varieties: Maibergo (V1), Karu (V2), and Giiwa (V3) under field conditions in Abuja, Nigeria.
Methods: Field trials were conducted at the Teaching and Research Farm of Yakubu Gowon University, Abuja, using a Randomized Complete Block Design (RCBD) with three replications across 2024 and 2025 planting seasons. Growth parameters (plant height, leaf area, number of branches) and yield components were measured at 4, 8, and 12 weeks after sowing (WAS).
Results: Cassava peel treatment significantly enhanced vegetative growth, producing the highest mean plant height (27.67 cm) and leaf area (21.68 cm²) at 12 WAS. Among varieties, Maibergo consistently showed superior performance with maximum plant height (27.68 cm) and leaf area (30.86 cm²) at 12 WAS. Significant variety × extract interactions (p ≤ 0.05) were observed, with the V1E1 combination (Maibergo + cassava peel) achieving optimal plant height (28.93 cm). Poultry manure extract significantly increased branching, particularly benefiting the Giiwa variety at 4 WAS and 12 WAS. Most importantly, cassava peel amendment increased pod yield by 30% compared to untreated controls, demonstrating superior economic returns.
Conclusion: Cassava peel emerged as the most effective organic amendment for enhancing Bambara groundnut production, offering dual benefits of improved vegetative growth and substantial yield increases. The significant variety-specific responses indicate that targeted organic amendment strategies can optimize production outcomes. These findings provide practical guidance for smallholder farmers seeking sustainable alternatives to synthetic fertilizers, supporting both food security and environmental sustainability in sub-Saharan African agricultural systems.
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INTRODUCTION
Bambara groundnut (Vigna subterranea (L.) Verdc.) is a nutritionally rich legume crop cultivated widely in sub-Saharan Africa, known for its resilience under marginal conditions. It is a drought-tolerant legume crop and has nutritional value and adaptability to marginal soils. Despite its resilience, the crop suffers from various biotic stresses and edaphic factors, which could cause impaired nutrient uptake and reduced yield. 
 Previous studies have reported the efficacy of organic materials like neem (Azadirachta indica) leaves, poultry manure, and cassava peels in suppressing plant pathogens and improving soil health (Anjorin et al, 2022). Olanrewaju et al. (2022) highlighted the potential of beneficial bacteria-organic matter interactions in enhancing Bambara groundnut production under marginal conditions. These materials may act by enhancing microbial activity, releasing antimicrobial compounds, or improving soil physical properties that discourage pathogen survival.
Cassava peels can be composted to produce a valuable organic fertilizer, providing nutrients and improving soil structure. Cassava peel compost, especially when combined with materials like poultry manure or Tithonia diversifolia, improves soil fertility by enhancing nutrient levels such as nitrogen, phosphorus, and potassium, ultimately boosting maize productivity (Adebayo et al., 2025).
Further, long-term application of organic manure not only bolsters soil health by enriching beneficial microbes but also suppresses harmful pathogens, offering a dual benefit to both soil and plant resilience (Wei et al., 2025).

Soil fertility should be low and soil pH is best suited between 5 and 6.5 and should not be lower than 4.3 or higher than 7 (Oyeyinka et al., 2021). The Bambara groundnut can grow on soils with low fertility and is even reported to do better on these soils than on fertile ones. Nevertheless, phosphate fertilization can have a beneficial effect. Despite recent advances in understanding Bambara groundnut production systems (Chibarabada et al., 2022; Mabhaudhi et al., 2022), there is limited field-based evidence on the comparative effectiveness of these amendments in the performance of Bambara groundnut, particularly under the agro-ecological conditions of Abuja, Nigeria. This study was conducted to assess the impact of selected organic amendments on the growth performance and yield of Bambara groundnut in field conditions in Abuja, Nigeria.

Organic matter is a critical factor in the management of tropical soils (Agric4Profits, 2025). It is a good indicator of soil quality as it affects many of the physical, chemical and biological processes that define soil productivity (Agric4Profits, 2025). The limitations of agricultural production include inadequate nutrient supply, which is controlled mostly by organic matter content, as well as the physical and chemical properties of the soil (Lehmann and Kleber, 2023).  Tufaila et al., (2024), stated that although chemical fertilizers release their nutrients faster into the soil for plant uptake, their deleterious effects (waterway pollution, chemical burn to crops, increased air pollution, acidification of the soil and mineral depletion in the soil) have brought a lot of concern about the sustainability of production. 


MATERIALS AND METHODS
Experimental Sites: The field trial was conducted on the Teaching and Research farm, the analysis was carried out in the Soil and Environmental Management Departmental Science laboratory, both of the Faculty of Agriculture, University of Abuja (now Yakubu Gowon University, Abuja). The Bambara groundnut varieties used for the study were obtained from the Institute of Agricultural Research (IAR), Ahmadu Bello University, Zaria, Nigeria.
[bookmark: _Hlk201206797]Sampling Technique: Following the method of Paiko et al. (2019), for each field sampled, an area of 500m² was marked and a hand trowel was used to collect samples, each for plant and soil, in a systematic “zig-zag” pattern at a depth of 10 cm. Ten (10) samples each of soil and plants were randomly obtained (Coyne et al., 2007) by measuring length and width and multiplying by a coefficient (constant value of 0.75), each for soil and plant samples. Plant roots were carefully uprooted, tapped to remove soil and cut off from the main stem using scissors or a knife. The soil cores were carefully mixed in a 5-litre bucket, and a 250 ml cup full of the mixture was taken into a plastic bag labelled with the name of the plant and location before transportation to the laboratory for assay (Coyne et al., 2007). 

Experimental set-up: The study was laid out in a Randomised Complete Block Design (RCBD) with 3 replications. The field was ploughed, harrowed, and the seeds planted on the prepared field. Plots were laid out in three rows of 1 by 10 meters. Seeds were planted at a distance of 10x25cm with two seeds per hole and later thinned to a seedling per hole 14 days after sowing. The two factorial experiment was made up of three Bambara groundnut varieties, “Maibergo”, “Karu”, and “Giiwa”, obtained from the Goza market, Abuja and the seeds were not treated with any pesticide before sowing.  The other factor was the organic amendments treatments (cassava peels, neem leaves and poultry droppings) that were applied directly at the base of the Bambara nut seedlings at 2 WAS.

Soil Analysis: From the remaining bulk soil samples, 30g soil subsamples were taken, air dried and ground to fine powder. The samples were used to analyse the soil chemical properties such as organic carbon, pH, organic matter and the texture of the soil according to Rayment and Lyons (2011)

Leaf area: Leaf area Index (LAI) quantifies the amount of leaf material in a canopy. It is his ratio of one-sided leaf area per unit ground area. Leaf area in Bambara groundnut was measured in square metres (m2) by multiplying the width and the height of a leaf, which were split and counted, to figure out its area.

Plant Height:  For each selected plant, the zero end of the tape was positioned at the base of the plant, right at the soil surface, and extended vertically along the main stem to the highest point of the plant. This top point could be the tip of the main stem, the topmost leaf, or the flowering part, depending on the crop in question.  This process was repeated for five randomly selected plants within each plot and was recorded accordingly in centimetres at 4, 8 and 12 Weeks after Sowing (WAS)

Number of Branches at four (4) WAS: The number of branches in Bambara groundnut was recorded as a key parameter to evaluate vegetative growth and plant architecture. In each plot, five (5) plants were randomly selected and tagged for consistent observation throughout the growing period. Branch counting commenced from four weeks after sowing (4 WAS) and was carried out weekly until flowering. Only primary branches that emerged directly from the main stem were considered during counting. Secondary and tertiary branches were excluded to maintain consistency in the data across all plants. Additionally, dead or broken branches were not included in the count.

Pod yield /Ha 
Dry Pod weight per hectare was determined to estimate the economic productivity of Bambara groundnut across different treatment conditions. At physiological maturity, all pods from the net plot area (excluding border rows) were harvested, air-dried under shade to a uniform moisture level, and weighed using a digital scale. The total pod weight from each net plot was recorded in kilograms (kg). To calculate the pod yield on a per-hectare basis, the following formula was used:

Pod yield ( Kg/ha) = 
Where:
· Wp​ = Pod weight from the net plot (kg)
· Ap​ = Net plot area (m²)
· 10,000 = Number of square meters in one hectare
All yield data were recorded in Excel and subjected to statistical analysis. This method ensured consistent and accurate yield estimation across treatments and replications.

Data Analysis: Statistical analyses were performed to compare the effectiveness of different treatments. Analysis of Variance (ANOVA) was used to determine significant differences between treatments.








3. RESULTS 
Soil Analysis
From Table 1, the soil pH across all three plots ranged from 5.90 to 6.20, indicating slightly acidic to near-neutral conditions. This pH range is favourable for Bambara groundnut cultivation, as it falls within the optimal range of 5.5-7.0 reported by Mubaiwa et al. (2017) for legume growth. The slightly acidic nature supports nutrient availability, particularly phosphorus and micronutrients essential for nodulation and nitrogen fixation. Bray-1 available phosphorus was consistently low across plots (4.52-7.28 mg/kg), falling below the critical threshold of 15-20 mg/kg for optimal legume production. This deficiency may limit root development and nodulation efficiency, supporting the rationale for organic amendment applications in this study. Organic carbon (0.32-0.74%) and organic matter (0.55-1.27%) levels were generally low, with Plot 3 showing the highest values. These levels are below the recommended 2-3% organic matter for sustainable crop production, indicating poor soil fertility and the need for organic inputs to improve soil health. Nitrogen content was low (0.053-0.123%), which is typical for tropical soils but may limit initial plant establishment before effective nodulation occurs. The gradient increase from Plot 1 to Plot 3 suggests spatial variability in soil fertility. Potassium levels varied considerably (0.19-0.37 cmol/kg), with Plot 2 showing the lowest values. Calcium and magnesium were adequate for legume growth, while sodium levels remained acceptably low, indicating no salinity concerns. All plots exhibited sandy loam texture (53-54% sand, 33-36% silt, 11-13% clay), providing good drainage and aeration suitable for Bambara groundnut cultivation. This texture facilitates root penetration and nodule formation while preventing waterlogging, which can inhibit nitrogen fixation. The uniform soil texture across plots ensures consistent physical conditions for treatment comparisons. However, the observed chemical variability, particularly in phosphorus and organic matter, may influence treatment responses. The generally low fertility status validates the experimental approach of using organic organic material to improve soil conditions and crop performance. The spatial gradient in soil fertility (increasing from Plot 1 to Plot 3) should be considered when interpreting treatment effects and may explain some of the varietal performance differences observed in the study.

Table 1: Soil analysis of the Bambara groundnut plots on the Teaching and Research Farm 
	

Lab serial No


Soil sample ID No
	

Soil pH 1.25 Soil/Water
	

(%)
	Bray-1 Avail p mg kg-1
	Exchangeable micro nutrient(cmol.kg-1)
	Soil particle size distribution
	Soil textural class (USDA)

	
	
	OC
	OM
	TN
	
	K
	Na
	Ca
	Mg
	(%)
 Clay
	(%) Silt
	(%) Sand
	

	1.
	R S1
	6.20
	0.32
	0.55
	0.053
	4.52
	0.26
	0.35
	2.00
	0.54
	13
	33
	54
	S.L

	2.
	R S2
	6.00
	0.44
	0.76
	0.073
	5.16
	0.19
	0.29
	2.40
	0.65
	11
	36
	53
	S.L

	3.
	R S3
	5.90
	0.74
	1.27
	0.123
	7.28
	0.26
	0.37
	2.40
	0.62
	12
	35
	53
	S.L






Note: O.C= Soil Organic Carbon; O.M= Soil Organic Matter; TN= Soil Total Nitrogen; S.L= Sandy Loamy





Leaf Area 
Table 2 presents the results from a two-year study evaluating the effects of different natural organic organic material on the leaf area of three Bambara nut varieties at 4, 8, and 12 weeks after sowing (WAS). The effect of organic material (E) at 4 WAS, there was no significant difference in leaf area among the different organic material in both years, indicating that the organic material might not heavily influence early growth. At 8 and 12 WAS, significant differences emerged in both years: Cassava peel (21.68, 22.44a) and Neem organic material (21.54, 21.98a) consistently increased leaf area significantly compared to the control (16.46, 16.50b). Poultry manure (22.63) also showed an increased leaf area, with slight variation. The Year 1 Control plots (16.46) had the lowest leaf area. The effect of variety (V): “Maibergo” variety (30.86a, 29.14a) consistently had the highest leaf area at all-time points and in both years. Karu and Giiwa recorded significantly lower leaf area, with no significant difference between them. This shows “Maibergo’s” superior vegetative performance and possibly better response to organic material treatments. 

Table 2: Effects of Organic material on the Leaf Area of Three Bambara Nut

	
	Weeks After Sowing (WAS)
	

	Treatment
	4WAS
	8WAS
	12WAS
	

	Organic material (E)
	
	
	
	

	Control
	12.47
	16.13
	16.46
	

	Cassava peel
	12.16
	22.02
	21.68
	

	Neem
	12.07
	21.23
	21.54
	

	Poultry Manure
	12.95
	22.28
	22.63
	

	SE +
	0.634
	0.459
	0.400
	

	Variety(V)
	
	
	
	

	Maibergo
	13.69a
	30.38a
	30.86a
	

	Karu
	11.73b
	15.42b
	15.20b
	

	Giiwa
	11.82b
	15.45b
	15.68b
	

	SE +
	0.549
	0.398
	0.346
	

	Interaction
	
	
		
	

	E x V
	NS
	*
	*
	


Means followed by the same letter within a treatment column are not significantly different using Duncan Multiple Range Test at 5% level of probability.
NS=Not significant.	 * =Significant.	WAS = Weeks after sowing.

The Interaction between Extract and Varieties 
Table 3 presents the interaction effects of organic organic material and Bambara nut varieties on leaf area (cm²) measured at 8 and 12 weeks after sowing (WAS). Variety 1 with extract treatment E1 (V1E1) achieved the highest leaf area of 35.17 cm², significantly outperforming other combinations. The control treatment (V1E0 = 19.40 cm²) showed significantly lower performance, demonstrating extract effectiveness. Varieties V2 and V3 exhibited consistently lower leaf areas, with V2 showing the poorest performance, particularly V2E1 (14.73 cm²) and V2E2 (14.83 cm²). Similar trends persisted, with V1E3 recording the highest leaf area (36.80 cm²). V2 and V3 maintained lower values but showed slight improvements from 8 WAS. Notably, V3E3 increased to 18.90 cm², matching V1E0, suggesting a delayed growth response in V3. V1 consistently outperformed V2 and V3, indicating superior genetic potential for leaf area development and greater responsiveness to organic organic material. Treatments E1, E2, and E3 enhanced leaf area compared to controls, with E3 generally producing the best results.  Clear variety × extract interactions were observed, with extract effectiveness varying by variety. E3 performed optimally with V1 (36.80 cm²) but showed a limited effect with V2 (16.77 cm²). Duncan's Multiple Range Test (DMRT) at 5% significance level confirmed statistical differences between treatments.
Table 3: Interaction effect of organic extract and variety on leaf area of Bambara groundnut from the combined analysis of 2024-2025 data

	Treatment
	8 WAS
	12 WAS

	V1E0
	19.40c
	18.900c

	V1E1
	35.17a
	34.300b

	V1E2
	32.000b
	33.440b

	V1E3
	34.967a
	36.800a

	V2E0
	15.900d
	14.700e

	V2E1
	14.733ef
	14.900e

	V2E2
	14.833e
	14.433e

	V2E3
	16.200d
	16.767d

	V3E0
	13.100f
	15.800d

	V3E1
	16.167d
	15.833d

	V3E2
	16.867d
	16.733d

	V3E3
	15.667d
	18.900c


Means followed by the same letter within a treatment column are not significantly different using Duncan Multiple Range Test at 5% level of probability.



Plant Height 
Table 4 presents results from a two-year (2024-2025) study examining how different natural organic organic material (Cassava Peel, Neem, and Poultry Manure) affect the plant height of three Bambara groundnut varieties (Maibergo, Karu, and Giiwa) at 4, 8, and 12 weeks after sowing (WAS) in Abuja. It was observed that cassava peel gave the highest mean plant height (27.67 cm) at 12 WAS, showing potential for promoting vegetative growth. Neem extract recorded the lowest plant height (25.72 cm) at 12 WAS, possibly due to phytotoxicity or growth-inhibitory compounds. Poultry manure performed fairly well (27.02 cm at 12 WAS), suggesting dual roles as both a fertiliser and natural extract. On the effect of variety (V), Maibergo had the tallest plants (27.68 cm), significantly different from Giiwa (25.44 cm), indicating varietal differences in growth response. “Karu” and “Maibergo” were statistically similar at 12 WAS. At the interaction (E x V), A significant interaction was recorded only at 12 WAS, suggesting that certain combinations of extract and variety influenced plant height more than others during this stage. 

Table 4: Combined analysis of the Effects of natural organic organic material on the plant height of Bambara groundnut varieties

[bookmark: _Hlk198386570]
	
	Weeks After Sowing (WAS)
	

	Treatment
	4WAS
	8WAS
	12WAS
	

	Organic material (E)
	
	
	
	

	Control
	15.37
	21.70
	26.70
	

	Cassava peel
	16.96
	22.56
	27.67
	

	Neem
	15.09
	21.99
	25.72
	

	Poultry Manure
	14.51
	21.26
	27.02
	

	SE +
	0.798
	0.386
	0.376
	

	Variety(V)
	
	
	
	

	Maibergo
	16.35
	22.30
	27.68a
	

	Karu
	14.78
	21.73
	27.23a
	

	Giiwa
	15.32
	21.59
	25.44b
	

	SE +
	0.691
	0.334
	0.326
	

	Interaction
	
	
		
	

	E x V
	NS
	NS
	*
	


Means followed by the same letter within a treatment column are not significantly different using Duncan Multiple Range Test at 5% level of probability.
NS=Not significant.	 * =Significant.	WAS = Weeks after sowing.


Table 5: Interaction effect of organic extract (E) and variety (V) on plant height of Bambara groundnut at 12WAS in the combined result of 2024-2025 

	Treatment 
	Plant Height

	V1E0
	27.10bc

	V1E1
	28.93a

	V1E2
	28.17ab

	V1E3
	26.53c

	V2E0
	27.70abc

	V2E1
	25.97c

	V2E2
	27.00bc

	V2E3
	28.23ab

	V3E0
	25.30c

	V3E1
	28.17ab

	V3E2
	22.00d

	V3E3
	26.30c


Means followed by the same letter within a treatment column are not significantly different using Duncan Multiple Range Test at 5% level of probability.


Number of Branches at 4, 8, 12 WAS

[bookmark: _Hlk198387391][bookmark: _Hlk198387657][bookmark: _Hlk198387792]Table 6 presents results on the number of branches of three Bambara groundnut varieties as influenced by different organic organic material at 4, 8, and 12 weeks after sowing (WAS) across two growing seasons (2024-2025). Effect of Extract Treatments (E) Control consistently showed moderate branch numbers across both years. Cassava Peel Extract resulted in fewer branches at 12 WAS compared to other treatments. This suggests a possible inhibitory effect at later growth stages. Neem Extract generally produced higher branch numbers than cassava peel and control, especially in the First Year, indicating its positive influence on vegetative growth. Poultry Manure Extract also enhanced branching, with results close to those of neem, particularly at 12 WAS, showing its potential in boosting growth. The results indicate that Neem and poultry manure organic material appear more effective at promoting ranching in Bambara groundnut, especially at later growth stages. Cassava peel extract may not be as effective. The effect of variety (V) Giiwa consistently recorded the highest number of branches at all stages and in both years, significantly outperforming the other varieties, particularly at 4 WAS and 12 WAS. “Karu” was intermediate in performance, not significantly different from Giiwa in some cases (especially at 8 WAS), but generally lower. “Maibergo” consistently had the lowest branch count across all observation points. This indicates that Giiwa variety shows the greatest potential in terms of branching ability, which may be linked to higher vigour or better adaptability. “Maibergo” lags in branching, possibly indicating slower growth or genetic limitations. The interaction between extract and variety was not significant (NS) at any growth stage in both years. This means that the effect of nematicide organic material on the number of branches was consistent across varieties – i.e., the best performing extract (e.g., neem or poultry manure) was beneficial regardless of the variety used. In the yearly comparison, slight fluctuations between years were observed (e.g., slightly higher or lower branch numbers), but the overall trends remained consistent. Second-year values were generally similar to or slightly lower than the first year, possibly due to environmental differences.
Table 6: Combined analysis of the Effects of natural organic organic material on                                                            the number of branches of Bambara groundnut varieties

	
	Weeks After Sowing (WAS)
	

	Treatments
	4WAS
	8WAS
	12WAS
	

	Organic material (E)
	
	
	
	

	Control
	18.13
	66.83
	122.67
	

	Cassava peel
	19.73
	66.71
	104.91
	

	Neem
	19.20
	69.94
	119.37
	

	Poultry Manure
	18.43
	68.11
	117.47
	

	SE +
	1.613
	1.779
	5.737
	

	Variety(V)
	
	
	
	

	Maibergo
	14.85b
	66.42
	103.43b
	

	Karu
	18.89ab
	67.21
	120.58a
	

	Giiwa
	22.88a
	70.08
	124.29a
	

	SE +
	1.397
	1.541
	4.958
	

	Interaction
	
	
		
	

	E x V
	NS
	NS
	NS
	


Means followed by the same letter within a treatment column are not significantly different using Duncan Multiple Range Test at 5% level of probability.
NS=Not significant. * =Significant.	WAS = Weeks after sowing.

	

Table 7 Combined Analysis of mean root mass and yield of Bambara groundnut in 2024/2025


	Treatments
	Root mass(g)
	Yield/ha   at 12 WAS

	Organic material (E)
	
	

	Control
	216.33
	2.23

	Cassava peel
	285.89
	1.88

	Neem
	255.00
	2.46

	Poultry Manure
	198.22
	1.98

	SE +
	29.123
	0.151

	Variety(V)
	
	

	Maibergo
	269.25a
	1.92b

	Karu
	263.08a
	2.41a

	Giiwa
	184.25b
	2.08ab

	SE +
	25.221
	0.130

	Interaction
	
	

	E x V
	NS
	*


Means followed by the same letter within a treatment column are not significantly different using Duncan Multiple Range Test at 5% level of probability.
NS=Not significant.	 * =Significant.	WAS = Weeks after sowing.

 Interaction effect of organic materials and variety on the yield of Bambara groundnut 
Table 8 demonstrates a significant variety and extract effects on Bambara groundnut yield, with important interaction effects between treatments. The highest yield (3.000a) was achieved by V3E0 (Variety 3 control), suggesting natural nematode resistance or low nematode pressure. Conversely, the lowest yield (0.967e) occurred in V3E1, indicating potential phytotoxic effects of extract E1 on this variety. V2 showed consistent moderate-to-high performance across all treatments (2.100-2.600), demonstrating stability under different extract applications. V1 responded optimally to extract E2 (2.533abc), with E1 also improving yield over the control (1.100e), indicating susceptibility to nematodes requiring treatment. V3 performed best without treatment, suggesting it may not require nematicide organic material under current conditions. Extract E2 proved most effective across varieties, particularly for V1 and V2. Extract E1 showed inconsistent results, enhancing V1 yield while severely reducing V3 performance.

[bookmark: _Hlk204253580]Table 8: Interaction effect of nematicide extract and variety on yield of Bambara   groundnut at 12WAS in the first year
	Variety X Extract
	Yield/Ha

	V1E0
	1.10e

	V1E1
	2.20bcd

	V1E2
	2.53abc

	V1E3
	1.83d

	V2E0
	2.60ab

	V2E1
	2.47abc

	V2E2
	2.47abc

	V2E3
	2.10bcd

	V3E0
	3.00a

	V3E1
	0.97e

	V3E2
	2.37bcd

	V3E3
	2.00cd


Means followed by the same letter within a treatment column are not significantly different using the Duncan Multiple Range Test at 5% level of Probability.

4. Discussion

Leaf Area
Leaf area development in Bambara nut was significantly influenced by organic extract type and variety, particularly at 8 and 12 weeks after sowing (WAS). No significant differences occurred at 4 WAS, indicating early growth is primarily governed by genetic potential rather than post-planting amendments. At 8 and 12 WAS, significant increases in leaf area were observed with cassava peel and neem leaf organic material, enhancing vegetative growth. This agrees with Hussain et al. (2024) who demonstrated that foliar application of neem leaf extract significantly enhances maize’s morphological traits including shoot and root biomass, shoot and root length, and chlorophyll b levels thereby improving plant vigor and canopy development even under conditions of water deficit. "Maibergo" (V1) demonstrated superior leaf area development across all time points, indicating better genetic vigour and physiological tolerance. This variety showed optimal response when combined with neem extract (E3), achieving 36.80 cm² at 12 WAS. Conversely, "Karu" and "Giiwa" varieties recorded significantly lower leaf areas, suggesting genetic limitations in extract utilisation, consistent with Naz et al., (2022) findings in cowpea. Significant variety × extract interactions were observed at both 8 and 12 WAS. V1 performed exceptionally with poultry manure (E1) and cassava peel (E2), achieving peak values of 34.967 cm² and 33.867 cm², respectively, at 12 WAS. Neem extract effectiveness was variety-dependent, highly beneficial for V1 but less effective for other varieties, emphasising the importance of varietal compatibility with bio-nematicides. Control treatments consistently showed the lowest leaf areas across varieties, confirming the beneficial effects of organic amendments on vegetative growth under nematode pressure conditions.
 Plant Height 
Plant height in Bambara nut was significantly influenced by organic organic material, particularly at 12 weeks after sowing (WAS). Cassava peel extract achieved the greatest vegetative growth (27.67 cm), followed by poultry manure, while neem extract recorded the lowest heights (25.72 cm). Cassava peel's superior performance confirms its potential as a soil amendment, supporting findings by Agbede (2025) who suggested that poultry manure application significantly enhances soil organic matter content and nutrient availability, corroborating evidence of residual fertilization impacts. "Maibergo" (V1) consistently showed the highest plant height across years (27.68 cm), Maibergo" showed superior leaf area development at all-time points. This implies better genetic vigor and perhaps stronger physiological tolerance or response to extract treatments. These findings are consistent with a recent work by Namo and Damfami (2020) who demonstrated high heritability estimates for growth traits in Bambara groundnut, indicating strong genetic control of varietal performance.  ‘’Giiwa’ exhibited lower performance, possibly due to genetic limitations and poor environmental adaptability, which is consistent with findings by Aghogho et al. (2022) showing significant genotype-by-environment interaction effects that influence genotype stability and performance across locations. Significant extract × variety interactions were observed at 12 WAS. Poultry manure enhanced plant height in V1 (28.933 cm) and V3 (28.167 cm), The combination V2E3 (Karu + Neem) also achieved high values (28.233 cm). Notably, cassava peel negatively impacted V3 growth (22.000 cm), possibly due to cyanogenic glycoside toxicity during decomposition, emphasising the importance of varietal compatibility when selecting organic amendments. The observed improvements in plant height with organic amendments align with contemporary research trends. Similarly, Kumar et al. (2025) reported optimised growth responses in leguminous crops through integrated organic nutrient management, supporting our findings of enhanced vegetative development with cassava peel and poultry manure applications.
Number of Branches
The study revealed that the application of organic materials significantly influenced the number of branches in Bambara groundnut varieties, with neem leaf and poultry manure organic material showing greater efficacy, especially at later growth stages (8 and 12 WAS). These results are supported by recent research from Chibarabada et al. (2022) who emphasised the role of beneficial soil microorganisms enhanced by organic inputs in promoting vegetative growth and architectural development in legumes. Similarly, Shaaibu and Rabiu (2023) found that combining poultry manure with NPK fertilizer significantly increased branching in soybeans—attributed to elevated nitrogen and phosphorus levels supporting vegetative development. Cassava peel extract reduced branching at 12 WAS, possibly due to phytotoxic effects or slower decomposition rates, causing delayed nutrient release. Giiwa’ consistently recorded the highest branch numbers across stages and years, highlighting its genetic potential for robust vegetative growth, a pattern aligning with Aghogho et al. (2022), who report significant genotype × environment effects on legume performance metrics, including branching. Conversely, "Maibergo" showed consistently low branch counts). Non-significant extract × variety interactions indicate that while organic material independently affect growth, they do not interact differentially with specific varieties. 
Pod yield/ ha
Significant interactions were observed for pod weight and yield, indicating that the response of each variety depended on the specific extract used. This is supported by Nwankwo et al. (2021), who found that organic amendment effects are variety-dependent due to genotype × environment × management interactions in legumes.

CONCLUSION 
The study demonstrated that the application of natural organic organic material, cassava peel, neem leaves, and poultry manure, can effectively enhance the growth and yield of Bambara groundnut under field conditions. Among the treatments, cassava peel consistently recorded the highest economic returns and favourable environmental performance, indicating its dual role as both a nematicide and a soil fertility enhancer. Neem extract showed effective crop growth and moderate yield improvement, though occasional phytotoxic effects were observed depending on the variety. Poultry manure, while beneficial in terms of vegetative growth, did not translate into the highest yield performance, possibly due to inconsistent nematode suppression. It is therefore recommended that the move away from the use of chemical fertiliser to embracing and harnessing the potential of organic materials to give both natural fertiliser for the control and management of Bambara nut. Application of organic manure such as poultry manure, cassava peels and neem leaf organic material is recommended for optimum yield production of Bambara nut.
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