


Phosphate Fertilizer Rates and Time of Application Influence Yield of Groundnut (Arachis Hypogaea) in Makurdi, Benue State, Nigeria
ABSTRACT
An extensive study was conducted in the growing season on the Teaching and Research Farm linked to Joseph Sarwuan Tarka University in Makurdi, Nigeria. The purpose of this study was to determine the impact of varying doses of phosphate fertiliser and their timing of application on groundnut yields. The experimental design consisted of four predetermined dosages of phosphate application (0, 27, 54 and 81 kg P₂O₅ /ha) and three different times to apply the fertiliser (two weeks prior to planting, at planting, and two weeks after planting), which were combined according to a factorial design resulting in twelve treatment combinations.. These treatment arrangements were conducted with a Randomized Complete Block Design (RCBD) replicated three times. Standard agronomic protocols were adhered to until the crops reached maturity, at which point essential yield parameters were meticulously recorded. The data collected were subjected to an Analysis of Variance (ANOVA) utilizing GENSTAT 17th Edition, and mean separation for treatments exhibiting statistical significance was conducted employing Fisher's Least Significant Difference (LSD) at a 5% probability threshold. The analysis elucidated that treatments involving phosphate fertilizers substantially enhanced all evaluated yield components. Increased phosphate levels in the soil increased pod quantity, pod weight, and grain yield. The least amount of grain produced as a result of phosphate fertilization at 0kg P₂O₅ ha⁻¹ (control) was 364kg ha⁻¹, while the highest amount of grain produced due to adding 81kg P₂O₅ ha⁻¹ a was 545kg ha⁻¹. Regarding the treatment of application, the addition of phosphate at the time of sowing was found to be the most beneficial one (524 kg ha⁻¹). Therefore, the use of 81 kg of phosphorus (P₂O₅) at sowing per hectare is advised when sowing groundnut for optimal yield in the area investigated. 
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INTRODUCTION
Groundnut is a self-pollinated legume, which belongs to Leguminosae family, subfamily Papilionaceae (Reddy, 2012; Yenagi & Rohini, 2024). It is one of the most common crops cultivated across the globe, which is rich in seeds along with edible kernels, acting as a cash crop as well as a food crop (Kamara et al., 2011). Flourishing in semi-arid and subtropical areas, it is grown in almost 100 nations (Ajeigbe et al., 2015; Darshini et al., 2025). Groundnut serves as a major worldwide source of edible oil, positioned as the thirteenth most essential food crop and the fourth most crucial oilseed crop globally (Adinya et al., 2010). Although the seeds, which contain 40-50 % oil, are the main product, the whole plant, including the haulms, is used as animal feed, offering extra income for farmers (Ahmad et al., 2007; Arslan, 2005). This crop is thought to have originated in the southern areas of Bolivia and northern parts of Argentina (Uguru, 2011). In West Africa, Nigeria is the leading producer, accounting for 51 % of the area's total output. Nationally, groundnut cultivation constitutes 10 % of the worldwide output and 39 % of the total production in Africa (Ajeigbe et al., 2015). Around 0.8 to 1.5 million hectares are utilized for groundnut farming each year in Nigeria. Nonetheless, typical yields for farmers are low, falling between 500 and 700 kg ha⁻¹ of dry, unshelled pods. By implementing enhanced management techniques, this potential can rise significantly to 2,500–3,000 kg ha⁻¹ (Chude et al., 2012)

Phosphorus is a macronutrient that is necessary for the growth and development of legume plants, including groundnut (Chude et al., 2012; Rezaul et al., 2013). Phosphorus is necessary in groundnut crops in adequate amounts, encouraging root system development, water, and nutrient uptake efficiencies, hence increasing yield. It also has a significant impact on seed oil content; both lack and surplus can negatively influence oil percentage (Afridi et al., 2002). Phosphorus deficiency is a significant fertility problem that limits crop yields in tropical soils (Chude et al., 2012). Nodulating legumes have a significantly greater phosphorus requirement compared to non-leguminous crops due to its crucial function in the energy-demanding process of biological nitrogen fixation. As a result, adding phosphorus to soils lacking it consistently results in significant enhancements in groundnut production (Asiedu et al., 2000). A crop's need for nutrients is acknowledged to change throughout its growth stages, with certain times necessitating significant nutrient absorption for optimal growth. As a result, fertilization has to be planned effectively, depending on the deficiencies of nutrients and the stage of growth of the crops to achieve better results (Ibrahim et al., 2017).
Inefficient management of soils contributes to increased nutrient declines, with phosphorus deficiency identified as a major yield limitation factor in groundnuts (Compaore et al., 2011). Use of adequate phosphorus fertilizer is necessary for maximum groundnut yield (Brady & Weil, 2014). It is on this observation that this research work was triggered to investigate the specific response of groundnuts to different levels of phosphate fertilizer application and timings.
MATERIALS AND METHODS
Research Location
The research site is Joseph Sarwuan Tarka University’s Teaching and Research Farm located in Makurdi Nigeria, situated within the Southern Guinea Savannah ecological zone (Latitude 7° 47’36” North and Longitude 8° 37’10” East; Elevation of 479metres). The climate has a wet and dry season (Typical of a tropical type climate) with an average for the year’s Rainfall being approximately 1137mm. There may be some variability in the exact date of the onset and close of the rains in a season.
Experimental Methodologies and Frameworks
The experiment was structured with two factors that employed a factorial design. i. Phosphorous Fertilizer Rates: There were Four levels of fertilization, comprising: A control with no phosphorus (default) 27 kg P₂O₅/ha, 54 kg P₂O₅/ha, 81 kg P₂O₅/ha ii. Timing for Fertilization Applications: Fertilizations Timing were conducted at three intervals relative to planting: two weeks prior to planting, at planting, and two weeks after planting. This composite yielded 12 different treatments. The Randomized Complete Block Design (RCBD) method was used in the experiment. Each of the three replications had 36 plots total, which were arranged into three ridges at a distance of 0.75 m apart (4 m x 3 m) with 1 m pathways separating plots within blocks and between blocks.
Soil Preparation and Sowing
Manual labor prepared the site; mounds were made by hand using hoes. Traces of Groundnut Type Samnut 24 were placed in rows that were 75 cm apart and 20 cm between plants within a row, with two seeds used per hole.
Cultural Practices
All essential crop management practices, including weeding, were carried out as needed. The treatments of phosphate fertilizer (single superphosphate) were administered based on the designated timing plans for each plot. Nitrogen and potassium were uniformly applied to all plots at suggested levels using urea and muriate of potash (MOP), respectively, as a fundamental practice

Soil Collection and Examination

Prior to planting, initial soil samples were gathered from the 0–15 cm depth throughout the experimental area utilizing a soil auger. A composite sample was formed from twelve random sub-samples. The sample was dried in the air, ground, and screened through a 2-mm sieve prior to standard physico-chemical analysis at the Advanced Analytical Laboratory of the Department of Soil Science.

Distribution of Particle Size
Soil texture was assessed using the Bouyoucos hydrometer technique. 
A 50 g soil specimen was dispersed with a 5 % sodium hexametaphosphate (Calgon) solution. Hydrometer measurements were recorded at 40 seconds (for silt + clay) and at 3 hours (for clay). The proportions of sand, silt, and clay were computed using standard formulas to identify the textural category.

Soil acidity or alkalinity

Soil pH was assessed potentiometrically in both a 1:1 soil-to-water suspension and a 1:2 soil-to-0.01M CaCl₂ suspension using a calibrated glass electrode pH meter.

Interchangeable Bases and Cation Exchange Capability (CEC)

Exchangeable cations (Ca²⁺, Mg²⁺, K⁺, Na⁺) were obtained using 1 N ammonium acetate (NH₄OAc) adjusted to pH 7.0. Calcium and magnesium levels in the extract were measured via atomic absorption spectrophotometry (AAS), whereas potassium and sodium were assessed using a flame photometer. The CEC was determined by saturating the soil exchange sites using a known potassium chloride solution, then displacing it with ammonium acetate and measuring the released potassium.

Data Gathering

At physiological maturity, the subsequent yield parameters were noted from the net plot area: pods per plant, dry pod weight per plot (kg), and grain yield per hectare (kg ha⁻¹) following shelling.

Statistical Examination

All yield information was analyzed using Analysis of Variance (ANOVA) suitable for the RCBD with a factorial treatment design. In instances where the F-test revealed significant treatment effects (p ≤ 0.05), Fisher's Least Significant Difference (LSD) was utilized to differentiate and analyze treatment means.

RESULTS

Initial Properties of the Experimental Site Soils
Table 1 gives the characteristics of the soils prior to the experiment. The soils were of sandy loam type, with a composition of 71.8% sandy particles, 13.0% silt particles, and 15.2% clay particles. The soils were very weakly to weakly alkaline, with a pH of 6.18 units, measured using water. The soils were very low in organic carbon (0.43%) and total nitrogen (0.036%). The soils were low in available phosphorus (3.80 mg kg⁻¹). The exchangeable bases involved low to moderate amounts of potassium (0.21 cmol kg⁻¹) and calcium (2.81 cmol kg⁻¹). Magnesium was moderately high (2.52 cmol kg⁻¹). The cation exchange capacity was moderate (6.84 cmol kg⁻¹). Hence, the base saturation was very high (83.63%)
Impact of Phosphate Fertilizer Amount on Groundnut Production
The use of phosphate fertilizer greatly affected all yield metrics of groundnut (Table 2). Pods per plant quantity showed a consistent increase as the level of phosphates increased, from 18.2 pods per plant in the control to 26.4 pods per plant at the 81 kg P₂O₅ ha⁻¹ addition treatment. A similar desirable response was also observed with the dry pods per plot weight, which increased from 22.7 kg per plot in the control to 38.2 kg per plot at the 81 kg P₂O₅ ha⁻¹ addition treatment. This led to an increase in the quantity of grains produced, from 364 kg ha⁻¹ per plot in the control to 545 kg ha⁻¹ per plot at the 81 kg P₂O₅ ha⁻¹ addition treatment.

Impact of Application Timing on Groundnut Production
The timing of phosphate application significantly influenced yield components (Table 2). Applying phosphate during planting produced the maximum dry pod weight (34.8 kg ha⁻¹), the highest pod count per plant (25.8), and the highest numerical grain yield (524 kg ha⁻¹). Post-planting application resulted in intermediate outcomes (458 kg ha⁻¹), whereas pre-planting application resulted in the lowest figures (360 kg ha⁻¹). The impact on grain yield was not statistically significant (NS) according to the LSD test when considering only the timing factor.

Effect of Phosphate Rate and Timing of Application Interaction
The relationship between phosphate rate and application timing showed no significant impact (NS) on dry pod weight and grain yield. Nonetheless, it markedly affected the quantity of pods produced by each plant (Table 3). The maximum pod count (29.7 pods per plant) was reached with the application of the highest phosphate rate (81 kg P₂O₅ ha⁻¹) during planting. Alternative combinations, like 54 kg P₂O₅ ha⁻¹ applied during planting, also led to excellent results, producing 634 kg ha⁻¹ of grain and 36.3 kg of dry pod weight.

	Table 1. Physical and Chemical Properties of the Soils at the Experimental Site


	Parameter 
	Value

	 pH (H2O)
	6.18

	Sand (%)
	71.80

	Silt (%)
	13.0

	Clay (%)	
	15.20

	Textural Class 
	Sandy Loam

	Organic Carbon (%)
	0.43

	Total Nitrogen (%)
	0.036

	Available Phosphorus (mg kg– 1 )
	3.80

	Exchangeable K + (cmol kg – 1)
	0.21

	Exchangeable Ca 2+ (cmol kg -1)
	2.81

	Exchangeable Mg 2+ (cmol kg – 1 )
	2.52

	Exchangeable Na+ (cmol kg – 1 )
	0.18

	TEB (cmol kg – 1)
	5.72

	Exchangeable Acidity (cmol kg 1)
	1.12

	Effective CEC (cmol kg – 1)
	6.84

	Base Saturation (%)
	83.63



























Table 2: Main Effects of Phosphate Fertilizer Rate and Time of Application on Groundnut Yield
	Phosphate Rate
(kg P₂O₅ ha⁻¹)
	Dry pod weight
(kg)
	Grain yield
(kg/ha)
	Number of pods per plant


	0
27
54
81
	22.70
25.00
30.70
38.20
	364
435
445
545
	18.20
18.30
20.80
26.40

	LSD (P≤0.05)
	8.36
	159.7
	6.580

	Time of Application
Before planting
At planting
After planting
	
25.50
34.80
27.20
	
360
524
458
	
19.20
25.80
17.90

	LSD (P≤0.05)
	7.24
	NS
	5.70




Table 3: Interaction Effects of Phosphate Fertilizer Rate and Time of Application on Groundnut Yield
	Phosphate Rate
(kg P₂O₅ ha⁻¹)
	Time of Application
	Dry pod weight
(kg)
	Grain yield
(kg/ha)
	Number of pods per plant


	0


27


54


81
	Before 
At 
After 
Before 
At 
After
Before 
At 
After
Before 
At 
After
	22.00
27.70
18.30
17.70
33.70
23.70
26.30
36.30
29.30
36.30
41.30
37.30
	245.0
498.0
348.0
340.0
573.0
392.0
465.0
634.0
538.0
389.0
394.0
552.0
	17.70
24.0
13.0
16.0
23.0
16.0
17.0
26.3
19.0
26.0
29.7
23.7

	LSD (P≤0.05)
	
	NS
	NS
	5.70



DISCUSSION
The sandy loam composition of the experimental area, advantageous for groundnut pod penetration and harvest convenience, was marked by low natural fertility, reflected in the low amounts of organic matter and available phosphorus. Soil texture greatly impacts crop yield; in groundnut, it can influence root nodulation and the effectiveness of pod development. The decreased organic matter probably played a role in the reduced levels of phosphorus, nitrogen, and other nutrients (Zhao et al., 2015). This finding aligns with recorded accounts of extensive nutrient extraction in heavily cultivated soils of the Guinea Savannah region, including Makurdi (Anjembe & Ibrahim, 2018). Although a slightly acidic soil pH (6.18) is favorable to phosphorus availability and legume mutualism, the low native phosphorus concentration (3.80 mg kg⁻¹) is particularly indicative that phosphorus is a major limiting factor to growth in this environment.

The rise in groundnut yield factors alongside higher phosphate levels demonstrated the essential role of phosphorus in legume physiology. Phosphorus plays a crucial role in cellular energy transfer (ATP), the development of root structures, and the nitrogen fixation process (Brady & Weil, 2014). The noted increases in pod quantity, pod development, and total grain yield, especially at the 81 kg P₂O₅ ha⁻¹ level, indicate enhanced reproductive growth and better allocation of photoassimilates
These findings confirm previous studies conducted by Kamara et al. (2011), Kumar et al. (2017), and Ibrahim et al. (2022) that showed improved biomass growth and nodulation in groundnut when phosphorus fertilizer is added.
The enhanced performance associated with phosphate application at planting can be attributed to the timely availability of the nutrient during critical phases of root establishment and establishment growth. The probable stimulation of enhanced root growth by phosphorus applied at planting would have resulted in easy water and nutrient uptake, leading to higher pod set and ultimately higher yield. Applying phosphorus prior to planting may have resulted in higher chances of binding with soil particles, thereby making it less readily available at planting time. Conversely, applying beyond planting may have missed the critical establishment phase where phosphorus requirements are most needed.
Lack of strong interaction effects on final grain yield suggests that the dominant effects of rate and time are prominent and relatively independent with respect to final grain yield. The strong interaction effect on the number of pods per plant suggests that not only is a proper quantity of phosphorus required but it should also be applied at a proper growth stage to ensure optimal pod growth. The combination that yielded the highest quantity of pods and optimal grain yield (81 kg P₂O₅ ha⁻¹) at planting has been identified as one effective management strategy to enhance groundnut yield in phosphorus-deficient soil conditions in Makurdi, Nigeria.

CONCLUSION
From the experiment, it was clear that the rate and timing at which the phosphate fertilizer was applied had major roles to play in the determination of groundnut yield at Makurdi, Nigeria. As the concentration of the fertilizer increased, the grain yield, weight of the pods, as well as the number of pods per plant, showed consistent increments to reach the optimum at 81 kg P₂O₅/ha concentration. As per the results obtained, groundnut growers should apply the 81 kg/P₂O₅ ha⁻¹ concentration of the fertilizer at the time of planting to raise the overall productiveness
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