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[bookmark: _Toc202401959]ABSTRACT
This study investigates the effects of different types and quantities of fertilizers on the yield of various peanut (groundnut) varieties using statistical analysis. The research was conducted as a case study within the framework of an agricultural development project aimed at improving crop productivity. A randomized block design was employed to analyze the performance of selected peanut varieties subjected to varying fertilizer treatments, including, organic manure, and control (no fertilizer). Data collected on pod yield, seed weight, and plant heights were statistically analyzed using Analysis of Variance (ANOVA) and regression techniques. The results revealed that fertilizer application significantly influenced peanut yield, with fertilizer producing the highest average yield across most peanut varieties. Organic manure also demonstrated a positive but slightly lower impact compared to chemical fertilizers. The interaction between peanut variety and fertilizer type was found to be statistically significant, indicating that optimal yield depends on matching specific fertilizer types with suitable peanut varieties. The study concludes that appropriate fertilizer use, tailored to specific peanut genotypes, can substantially enhance productivity. Recommendations are made for agricultural extension services to promote evidence-based fertilizer application practices to maximize peanut yields and improve food security. The findings underscore the importance of fertilizer type and application rate in maximizing peanut yield. The study concludes that adopting the right fertilizer strategies, tailored to specific peanut varieties, can enhance agricultural productivity. It recommends continuous field trials and farmer education on optimized fertilizer use to improve peanut production in Nigeria and other peanut-growing regions.
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[bookmark: _Toc202401962]INTRODUCTION
[bookmark: _Toc202401963]1.1	Background to the Study
Peanut, commonly referred to as groundnut, is one of the most essential leguminous crops cultivated globally for its oil, protein content, and nutritional value. It plays a significant role in the diets of people, especially in Africa and Asia, and is a vital cash crop for many smallholder farmers (Adebayo et al., 2021). Despite its importance, the yield of peanut crops has remained relatively low in many regions, largely due to poor soil fertility and inadequate agronomic practices. Fertilizer application is one of the main approaches used to enhance soil productivity and crop yield. However, there is often limited understanding of the appropriate types and levels of fertilizers needed for different peanut varieties. This gap in knowledge has continued to affect the optimization of peanut production.
In recent years, researchers have turned their attention to how different fertilizer formulations influence the performance of various peanut genotypes. With the development of improved peanut varieties, there is a growing need to match these varieties with suitable fertilizer regimes to maximize productivity (Okon et al., 2020). Each variety responds differently to nutrient inputs, and understanding this interaction can aid in site-specific fertilizer recommendations. Moreover, the increasing cost of fertilizers globally makes it more important for farmers to use fertilizers efficiently and effectively. Statistical analysis can provide insight into these responses, helping farmers and stakeholders make informed decisions. Such data-driven decisions are crucial for improving agricultural sustainability.
The global demand for peanuts continues to rise, fueled by their industrial, nutritional, and economic relevance. Consequently, there is a push to improve production not just by expanding land use but through intensified and precise use of inputs like fertilizers (Ezeaku & Onwudike, 2022). Precision agriculture encourages the use of data and technology to manage crops for better yield and sustainability. In the case of peanuts, fertilizer response studies are crucial to identify optimal input levels for each variety. The application of descriptive and inferential statistics can provide a deeper understanding of yield variations. These insights support more effective agricultural policy and practice.
In many parts of Nigeria and West Africa, smallholder farmers often rely on traditional knowledge rather than research-based fertilizer application techniques. This reliance contributes to inconsistent yield outcomes and underutilization of improved peanut varieties (Mohammed et al., 2023). By applying statistical tools to examine how different fertilizers affect peanut yield, researchers can uncover patterns and relationships that are not immediately visible. Such analysis also helps identify the most cost-effective fertilizer combinations. Consequently, this would enhance productivity without placing financial strain on resource-poor farmers. It further supports national food security goals.
The diversity in peanut varieties presents both opportunities and challenges in fertilizer research. Some varieties are more tolerant of low-nutrient soils, while others demand higher nutrient supplementation for optimal yield (Obi & Ibrahim, 2020). Through comparative studies using statistical methods, researchers can recommend fertilizer plans tailored to each variety’s genetic makeup. These recommendations would improve the return on investment for farmers while preserving soil health. Furthermore, such findings are essential for seed developers and agricultural extension officers. They help in promoting the right crop-fertilizer match to different agro-ecological zones.
With increasing concerns about environmental sustainability, excessive and inappropriate fertilizer use has come under scrutiny. Efficient fertilizer application based on statistical evaluations ensures that nutrient inputs do not exceed crop needs, thereby reducing environmental risks such as leaching and runoff (Umar et al., 2021). For peanuts, which have nitrogen-fixing capabilities, understanding the right balance of additional nutrients like phosphorus and potassium is vital. Over-fertilization not only wastes resources but may also negatively impact soil biology and crop health. Using statistical models, researchers can pinpoint the threshold beyond which fertilizer becomes ineffective or harmful. This ensures a sustainable production model for future generations.
However, studying the statistical relationship between fertilizer application and peanut yield is both timely and essential. The need to enhance food production amidst climate challenges, rising input costs, and increasing population makes this area of research highly relevant (Yusuf & Danjuma, 2022). Focusing on various peanut varieties enables a more nuanced understanding of fertilizer efficacy. The outcomes of such studies have implications for agricultural policy, environmental sustainability, and farmer livelihoods. By embracing data-driven agriculture, stakeholders can bridge the gap between research and practice. Ultimately, this fosters a more productive and resilient agricultural system


[bookmark: _Toc202401964]1.2	Statement of the Problem
Despite the economic and nutritional importance of peanuts, farmers continue to face the challenge of low yield across various regions. One major factor contributing to this is the inconsistent and sometimes uninformed application of fertilizers to different peanut varieties. While some farmers apply fertilizers arbitrarily, others completely avoid them due to lack of knowledge or access, leading to reduced productivity. Additionally, there is limited statistical data that compares the response of different peanut varieties to specific fertilizer types and application rates. This lack of data makes it difficult to recommend effective, variety-specific fertilizer strategies. As a result, peanut production remains below its potential, affecting food supply and farmer income.
To address this problem, the researcher intends to apply statistical tools such as descriptive analysis, analysis of variance (ANOVA), and regression techniques to evaluate the relationship between fertilizer application and the yield of various peanut varieties. Through statistical modeling, the study will identify which fertilizer types and quantities produce the highest yield for each peanut variety. By interpreting the results objectively, the researcher hopes to generate evidence-based recommendations that can guide farmers in making informed fertilizer decisions. This study, therefore, aims to fill the knowledge gap using statistical evidence, thereby contributing to increased peanut productivity and more efficient resource use. As a student of statistics, the focus will be on using data to solve practical agricultural challenges.


[bookmark: _Toc202401965]1.3	Objectives of the Study
The main objective of this study is to statistically examine the effect of fertilizer application on the yield of different varieties of peanuts.
The specific objectives are to:
i. Determine the average yield performance of selected peanut varieties under different fertilizer applications.
ii. Compare the response of different peanut varieties to various types and levels of fertilizer using statistical methods.
iii. Identify the fertilizer type and application rate that produces the highest yield for each peanut variety.
iv. Apply statistical tools such as ANOVA and regression analysis to evaluate the relationship between fertilizer use and peanut yield.
[bookmark: _Toc202401966]1.4	Scope of the Study
This study is limited to the statistical analysis of the effect of fertilizer application on the yield of four selected varieties of peanuts Rumer peanuts, Virginia peanuts, Spanish peanuts, and Valencia peanuts—within the jurisdiction of the Kwara Agricultural Development Project (KWADP). The research focuses on evaluating how different types and rates of fertilizer influence the yield performance of these varieties under similar environmental and farming conditions in Kwara State. It does not cover other leguminous crops or peanut varieties outside the selected four. The study emphasizes the collection, analysis, and interpretation of data specific to the interaction between fertilizer use and peanut yield. Only farms and data accessible through KWADP and its affiliated farmers will be considered. The findings will therefore reflect the conditions and practices within the KWADP framework.
[bookmark: _Toc202401967]1.5	Justification of the Study
The continuous decline in peanut yield despite the availability of improved varieties and fertilizers calls for a data-driven investigation into the causes. Many farmers in Kwara State, particularly those under the Kwara Agricultural Development Project (KWADP), apply fertilizers without a clear understanding of how different peanut varieties respond to them. This results in either underperformance or waste of agricultural inputs. By statistically analyzing the relationship between fertilizer application and the yield of Rumer, Virginia, Spanish, and Valencia peanuts, the study provides valuable insights for improving farm output. As a student of statistics, this research is justified by its potential to use statistical tools such as ANOVA and regression analysis to uncover meaningful patterns and differences. The outcome will help farmers, agricultural extension officers, and policymakers make informed decisions that enhance productivity and support sustainable agriculture.
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[bookmark: _Toc202401970]2.1	Fertilizer Application in Crop Production
Fertilizer application is a vital agricultural practice aimed at improving soil fertility and increasing crop yield. In modern farming, the proper use of fertilizers helps to replenish essential nutrients such as nitrogen (N), phosphorus (P), and potassium (K), which are often lost due to continuous cropping (Olaniyi et al., 2020). When applied in the right quantity and at the correct time, fertilizers support strong plant growth, enhance resistance to pests, and contribute to higher agricultural productivity. However, indiscriminate use or poor timing can lead to nutrient imbalance, reduced crop quality, and environmental damage. The key lies in adopting appropriate fertilizer practices tailored to specific crops and soil conditions. As such, understanding how different crops like peanuts respond to fertilizers is essential for sustainable agriculture.
The application of fertilizers is not a one-size-fits-all approach, especially in diverse agro-ecological zones like those in Nigeria. Different crops, and even different varieties within the same crop, require varying amounts and types of nutrients to achieve optimal yield (Yusuf & Bello, 2021). For example, legumes such as peanuts are nitrogen-fixing plants, which means they may require less nitrogen compared to cereal crops. Nevertheless, other nutrients like phosphorus and potassium remain critical for root development and seed formation. Therefore, fertilizer application must be strategically planned based on the crop’s nutrient needs, the existing soil fertility status, and environmental considerations. Failure to do so may result in waste of resources or even yield reduction.
In recent years, several studies have highlighted the importance of site-specific fertilizer recommendations as opposed to blanket applications. According to Adebayo et al. (2019), peanut yield can significantly vary depending on the variety and the fertilizer regime adopted. Their study observed that some peanut varieties responded better to organic fertilizers, while others performed optimally with a balanced NPK blend. This suggests that farmers need localized and variety-specific guidance to avoid under- or over-application. Such tailored practices can not only boost yield but also reduce cost and minimize ecological risks. Hence, statistical studies are necessary to support these decisions with reliable data.
Fertilizer efficiency is another critical factor in crop production. It refers to how effectively a plant utilizes the nutrients provided through fertilizer to produce a desirable yield (Olayemi & Ibrahim, 2022). Efficient fertilizer use ensures that crops take up the majority of applied nutrients, minimizing losses to leaching or runoff. This efficiency can be influenced by application methods, soil moisture, temperature, and crop variety. In the case of peanuts, split application or incorporation into the soil may improve nutrient uptake. Understanding these dynamics through statistical experiments allows researchers to recommend the most effective techniques to farmers. Thus, maximizing fertilizer efficiency is key to achieving both economic and environmental goals.
The economic implications of fertilizer use in crop production are also significant. Farmers are often faced with the challenge of balancing input costs with expected yield returns. As noted by Chukwuma and Eze (2021), inappropriate fertilizer use leads to increased production costs without a corresponding increase in yield. By conducting statistical analyses to determine the yield response curve of each peanut variety, researchers can help farmers identify the most cost-effective fertilizer levels. This approach ensures that inputs are used wisely, leading to better financial outcomes for farmers. Moreover, such information can inform policy decisions on fertilizer subsidies and training programs.
Finally, with climate change and increasing food demand, the role of fertilizer in sustainable agriculture has never been more crucial. As environmental pressures grow, it is important to integrate statistical tools in fertilizer research to ensure decisions are backed by evidence and not assumptions (Akinyele et al., 2023). Through techniques like analysis of variance (ANOVA) and regression models, we can understand the relationships between fertilizer types, rates, and crop yields more clearly. This will enable precision agriculture, where inputs are customized for specific crops and environments. For peanut farmers under the Kwara Agricultural Development Project, such insights could lead to remarkable yield improvements. Ultimately, effective fertilizer use is central to food security and rural development.
[bookmark: _Toc202401971]2.2	Peanut Varieties and Their Agronomic Characteristics
Peanuts (Arachis hypogaea L.) are a widely cultivated legume crop known for their high oil and protein content. They come in several distinct varieties, each with unique agronomic traits such as seed size, pod structure, growth duration, and yield potential. The four major peanut varieties commonly studied in Nigeria are Rumer, Virginia, Spanish, and Valencia, each adapted to specific environmental and soil conditions (Abdulrahman & Lawal, 2020). For instance, the Virginia variety is characterized by large pods and seeds and tends to have a longer growth period, making it more suitable for regions with extended rainfall. In contrast, Spanish and Valencia peanuts mature faster, which is advantageous in areas with shorter rainy seasons. Understanding these characteristics is essential for making informed decisions about planting time, fertilizer application, and harvesting schedules.
The Rumer peanut variety, although less widely known, is gaining popularity due to its adaptability to local soil conditions and disease resistance. Farmers have reported that Rumer performs well with moderate fertilizer input and under less intensive management practices (Oladipo et al., 2021). It typically has a medium seed size, matures relatively early, and is resistant to leaf spot and rust, common diseases in peanut farming. This makes it an ideal candidate for smallholder farmers with limited resources. Its yield stability across different environments is a key advantage that researchers are now exploring further. As such, including the Rumer variety in agronomic studies can provide insight into resilient farming practices.
Virginia peanuts, often referred to as "runner types," are known for their high yield potential and large kernels, making them popular for commercial purposes, especially in the snack industry. They require more space for planting due to their sprawling growth habit and respond well to higher potassium and phosphorus levels (Eze & Omoregie, 2022). However, their longer maturity period makes them more susceptible to drought if not well managed. This variety benefits greatly from controlled fertilizer application and consistent moisture. Farmers cultivating Virginia peanuts must plan for proper spacing and timely weeding. Therefore, Virginia peanuts are best suited for well-resourced farms and regions with adequate rainfall.
Spanish peanuts are short, bushy plants with small pods and are particularly valued for their early maturity and compact growth. According to Musa and Bello (2021), Spanish peanuts are preferred in northern regions of Nigeria where the growing season is shorter. This variety is less demanding in terms of fertilizer and irrigation but has a relatively lower yield compared to Virginia or Valencia varieties. Its short growing cycle makes it attractive for intercropping or double cropping systems. Farmers often choose Spanish peanuts for quick harvests and income generation. From a research standpoint, their fast growth allows for easier observation of fertilizer impact within a limited time.
Valencia peanuts are unique for their sweet taste, bright red skin, and three or more kernels per pod. This variety matures quickly and is ideal for fresh consumption or boiling, making it highly marketable in local Nigerian communities (Adebisi et al., 2020). Valencia peanuts are upright in growth and respond well to moderate fertilizer application, especially phosphorus. They are more sensitive to soil moisture conditions, requiring well-drained but moist soils. In experimental settings, they show high variability in yield, depending on the nutrient levels in the soil. This makes them an interesting subject for statistical comparison across different fertilizer regimes.
Moreover, each peanut variety offers specific agronomic advantages and challenges. These traits influence how each responds to different fertilizer treatments and environmental conditions. Therefore, understanding these characteristics is crucial when applying statistical methods like ANOVA or regression in agricultural studies. By recognizing the genetic and phenotypic diversity among peanut varieties, researchers and farmers alike can make better decisions regarding input management. This knowledge also aids in tailoring fertilizer application to match the unique needs of each variety. Ultimately, the goal is to enhance productivity and profitability through data-informed farming practices.
[bookmark: _Toc202401972]2.3	Role of Fertilizers in Enhancing Crop Yield: A Statistical Perspective
Fertilizers play a central role in improving crop productivity by supplementing essential nutrients that may be deficient in the soil. From a statistical standpoint, measuring this impact involves collecting data on yield outcomes across different fertilizer treatments and analyzing them for significant differences. For example, researchers often apply varying levels of nitrogen, phosphorus, and potassium (NPK) to plots and use Analysis of Variance (ANOVA) to determine whether the yield differences among the groups are statistically significant (Ogunleye & Daramola, 2020). This method allows for objective evaluation of how much fertilizer is beneficial without overuse. Moreover, understanding the variation in response across different crop types or varieties helps develop customized recommendations. In peanut farming, such statistical analysis is vital for identifying the optimal fertilizer type and rate for each variety.
Regression analysis is another statistical method used to explore the relationship between fertilizer input and crop yield. By modeling the yield as a dependent variable and fertilizer levels as independent variables, researchers can quantify how strongly and in what direction fertilizer influences production (Adeoye et al., 2021). This approach can also help predict expected yield based on specific amounts of fertilizer applied. In peanut cultivation, this is particularly helpful when different varieties exhibit varying levels of responsiveness. For instance, a high regression coefficient for phosphorus might indicate its critical role in a specific peanut variety. Such insights empower farmers to make data-driven decisions, avoiding under- or over-application of fertilizers.
The concept of diminishing returns also becomes evident through statistical evaluation of fertilizer use. After a certain threshold, increasing fertilizer may not lead to a proportional increase in yield and may even be harmful (Bamidele & Okorie, 2022). Statistical tools help identify this point of optimum input, where maximum yield is achieved with the least cost and risk. Graphical representations like scatter plots or yield-response curves illustrate these trends clearly. This knowledge enables both small- and large-scale farmers to manage input resources efficiently. Understanding the diminishing return curve is especially important in developing regions where resources are scarce and must be used wisely.
Another vital aspect is the interaction between fertilizer types and environmental factors such as rainfall, soil texture, and temperature. Statistical designs like factorial experiments help researchers analyze how these variables jointly influence crop output (Ibrahim & Sulaiman, 2023). For example, a study might assess whether the yield response of Spanish peanuts to NPK fertilizer differs under dry and wet conditions. These interactions can be statistically tested using two-way or multi-way ANOVA. Results from such studies often inform policy recommendations and extension services, ensuring context-specific agricultural advice. This highlights the relevance of statistics not just in research but in real-life farming applications.
Standard deviation and coefficient of variation are descriptive statistics used to measure variability in crop yield due to fertilizer use. These metrics show how consistent or variable the outcomes are across different plots or treatments (Okonkwo & Ajayi, 2019). A high coefficient of variation may indicate unstable results, possibly due to uneven fertilizer distribution or inconsistent environmental factors. In contrast, low variation suggests a stable and reliable response to treatment. These statistics help researchers refine their methods and increase confidence in their conclusions. For peanut farmers, such findings may translate into more reliable production outcomes across seasons.
[bookmark: _Toc202401973]2.4	Descriptive Statistical Measures in Agricultural Yield Analysis
Descriptive statistics are fundamental in agricultural research, especially when examining crop yield data across different treatments or varieties. These measures, such as mean, median, mode, standard deviation, range, and coefficient of variation, provide a clear summary of large data sets in a way that is easy to interpret (Adesina & Yusuf, 2021). For instance, the mean yield of peanut crops under different fertilizer levels gives a central value around which the data revolves. This helps researchers quickly compare the average productivity across peanut varieties like Virginia, Rumer, Spanish, and Valencia. Meanwhile, the range and standard deviation reveal how much variation exists within those yields, which is important for understanding consistency. In agricultural experiments, these measures are often the first step before more complex inferential analysis.
The coefficient of variation (CV) is particularly useful in yield studies because it expresses the extent of variability in relation to the mean yield, often as a percentage. A high CV indicates a large variation in yield, which may be due to uneven fertilizer response, environmental differences, or genetic traits of the peanut variety (Ogunyemi & Bello, 2022). For example, if the CV of Rumer peanuts is lower compared to Spanish peanuts under the same treatment, it suggests Rumer is more stable and reliable. Such insights help in recommending the most consistent variety for large-scale farming. Descriptive statistics, therefore, not only help summarize but also highlight the potential risks and benefits in crop performance. These risk indicators are important for policymakers and farmers when planning for food security and market supply.
Graphical tools such as bar charts, histograms, and box plots are also part of descriptive statistical analysis and play a critical role in visualizing yield data. They help present differences in peanut yields across fertilizer treatments in a way that is easily understandable by even non-statistical audiences (Ibrahim & Lawal, 2023). A box plot, for instance, can show the distribution, median, and possible outliers in yield data, allowing researchers to identify any abnormalities. Histograms are useful in examining the frequency of yield levels among different plots. Such visuals are especially effective in extension services and community education on modern farming techniques. When used properly, they enhance communication between researchers and farmers.
In addition, frequency distribution tables are helpful in organizing agricultural data to show how often each yield value occurs. This can indicate whether yield results are normally distributed or skewed, which may affect the choice of further statistical methods (Okonkwo et al., 2020). For example, if most peanut yields cluster around a certain value, it can reflect the effectiveness of that specific fertilizer dosage. Frequency tables make it easier to identify trends and anomalies, such as unusually high or low yields. This information is critical for identifying effective practices and for improving future experiments. It also allows for a more accurate interpretation of field data.
Descriptive statistics also play a role in comparing performance across multiple locations or growing seasons. By summarizing yield data collected from different areas within Kwara Agricultural Development Project zones, researchers can observe geographical patterns in fertilizer effectiveness (Salihu & Odetola, 2021). If certain zones consistently show higher yields across peanut varieties, it could indicate more fertile soils or better farming practices in those areas. Comparing mean yields and variability across locations provides insights that can guide resource allocation. It also helps in customizing agricultural recommendations by region. Thus, descriptive statistics are not just technical tools, but vital aids in real-world agricultural planning.
[bookmark: _Toc202401974]2.5	Application of Analysis of Variance (ANOVA) in Crop Response Evaluation
Analysis of Variance (ANOVA) is a powerful statistical tool widely used in agricultural research to compare the effects of different treatments on crop yield. It helps researchers determine whether observed differences in yields among groups, such as various fertilizer applications or peanut varieties, are statistically significant or simply due to random variation (Eze & Adekunle, 2020). For example, when studying the response of Rumer, Virginia, Spanish, and Valencia peanuts to different fertilizer rates, ANOVA can test if the yield differences across these treatments are meaningful. This reduces guesswork and provides a scientific basis for recommending the best fertilizer regime. Without ANOVA, farmers and researchers would struggle to justify changes in farming practices based solely on observed yield fluctuations. Thus, it offers a rigorous method for making informed agricultural decisions.
The technique works by partitioning the total variability in yield data into components attributable to treatment effects and random error. By comparing the variance between treatment means to the variance within treatments, ANOVA calculates an F-statistic that helps decide whether to reject the null hypothesis of no difference (Ogunbayo & Taiwo, 2021). If the F-value is greater than the critical value from statistical tables, it implies significant differences exist. Researchers then follow up with post-hoc tests like Tukey’s HSD to identify exactly which treatments differ. In peanut fertilizer studies, this could mean determining which specific fertilizer level leads to the highest yield for a particular variety. Such precision is crucial for optimizing input costs and maximizing returns.
ANOVA also accommodates complex experimental designs common in agricultural studies, such as factorial experiments involving multiple factors—fertilizer type, peanut variety, and planting season (Adetunji & Oladipo, 2022). Factorial ANOVA not only assesses main effects but also interactions, revealing whether the effect of fertilizer varies by peanut variety or season. This insight helps in tailoring fertilizer recommendations to specific conditions rather than using a one-size-fits-all approach. For example, Virginia peanuts might respond best to high phosphorus in the rainy season but not in the dry season. ANOVA’s flexibility makes it an indispensable tool in modern crop research.
Beyond yield, ANOVA is used to evaluate other agronomic traits influenced by fertilizers, such as pod size, oil content, and disease resistance. These multiple response variables often require separate ANOVA tests to comprehensively understand treatment impacts (Ibrahim & Bello, 2023). This multidimensional analysis helps farmers balance yield goals with quality parameters. For instance, a fertilizer treatment that maximizes yield but reduces oil quality might not be desirable. ANOVA thus facilitates holistic crop improvement strategies rather than focusing narrowly on yield alone. This broad approach benefits both producers and consumers.
Furthermore, the assumptions of ANOVA—normality of data, homogeneity of variance, and independence—ensure the reliability of results when properly checked (Salako & Musa, 2019). Agricultural researchers often perform preliminary tests like Shapiro-Wilk for normality or Levene’s test for equal variances before applying ANOVA. If assumptions are violated, data transformations or non-parametric alternatives may be used. This careful attention to statistical rigor enhances confidence in conclusions drawn from crop experiments. As a student of statistics, mastering these checks and the ANOVA procedure is crucial for credible agricultural research.
[bookmark: _Toc202401975]2.6	Regression Analysis for Predicting Yield Based on Fertilizer Use
Regression analysis is a vital statistical method used to model and predict the relationship between fertilizer application and crop yield. In agricultural research, it helps quantify how changes in fertilizer levels influence the productivity of crops such as peanuts. By fitting a regression equation, researchers can estimate the expected yield for a given amount of fertilizer applied, allowing farmers to make informed decisions on input use (Adewale & Oladipo, 2021). This predictive capability is especially important for optimizing fertilizer application, balancing cost, and maximizing output. Unlike simple comparisons, regression provides a continuous model that captures yield responses over a range of fertilizer levels, rather than at fixed treatment points. For peanut varieties like Rumer, Virginia, Spanish, and Valencia, regression models can reveal differences in sensitivity to nutrients, guiding variety-specific fertilizer recommendations.
Linear regression is commonly used when the relationship between fertilizer input and yield is roughly proportional. However, agricultural yield responses often follow nonlinear patterns due to biological limits and environmental factors (Okoro & Ibe, 2022). In such cases, polynomial or quadratic regression models better fit the data, capturing the plateau or decline in yield beyond optimal fertilizer levels. These models help identify the fertilizer amount that maximizes yield before diminishing returns set in. For instance, a quadratic regression might show that increasing nitrogen boosts Spanish peanut yield up to a point, after which additional nitrogen has little or no effect. This level of insight is essential for sustainable farming, preventing resource wastage and environmental harm.
Multiple regression analysis can further enhance predictions by including additional variables such as soil properties, rainfall, or fertilizer type alongside application rates (Ibrahim & Sulaiman, 2023). This approach recognizes that yield is influenced by many factors working together, not just fertilizer alone. For example, the effect of phosphorus fertilizer on Virginia peanuts may depend on soil pH and moisture levels. Incorporating these variables into a regression model improves its accuracy and usefulness for practical decision-making. Such comprehensive models are valuable tools for agricultural extension agents and policymakers aiming to boost peanut production in varying environments.
The statistical significance of regression coefficients indicates whether fertilizer inputs have a real impact on yield or if observed trends might be due to chance. Confidence intervals and p-values help researchers assess the reliability of their predictions (Salihu & Odetola, 2021). A significant positive coefficient for potassium fertilizer, for example, confirms its beneficial role in improving peanut yield. Conversely, nonsignificant results suggest that fertilizer might not influence yield under certain conditions or for some varieties. These findings help prioritize inputs and direct future research efforts.
Model diagnostics are essential in regression analysis to ensure valid results. Checking for assumptions like linearity, independence, homoscedasticity, and normality of residuals helps confirm that the model fits the data appropriately (Bamidele & Okorie, 2022). Violations of these assumptions can lead to biased or misleading conclusions. Techniques such as residual plots or transformation of variables are commonly used to address these issues. For students of statistics, understanding and applying these diagnostic checks is fundamental to conducting robust agricultural research.
Moreover, regression analysis is a powerful tool for predicting peanut yield based on fertilizer use. It moves beyond simple comparison to provide detailed models that inform optimal fertilizer application, accounting for both biological responses and environmental conditions. By tailoring fertilizer recommendations to specific peanut varieties and growing contexts, regression helps increase efficiency and sustainability in agriculture. This method embodies the integration of statistical rigor with practical farming, making it indispensable for modern crop management and research.
[bookmark: _Toc202401976]2.7	Comparative Studies Using Inferential Statistics in Agricultural Research
In agricultural research, inferential statistics enable researchers to make generalizations from sample data to a larger population. This is particularly important when comparing the effects of different fertilizer treatments on peanut yield. For example, if a researcher collects yield data from four peanut varieties—Rumer, Virginia, Spanish, and Valencia—treated with different fertilizer levels, they must determine whether the observed differences are statistically significant or due to random variation. One of the most commonly used inferential tools in such comparisons is the Analysis of Variance (ANOVA), which tests for differences among multiple group means. The fundamental formula for a one-way ANOVA is:
F=
Where:
MSB=  
MSB=  
where, SSB is the sum of squares between groups, SSW is the sum of squares within groups, k is the number of groups, and n is the total number of observations. A significant F-value indicates that at least one treatment mean differs significantly.
Beyond ANOVA, t-tests are used to compare the means of two independent groups—such as yield from treated vs. untreated plots. The two-sample t-test formula is:
t=  
where 
,  are sample means
,  are sample variances
n1 and n2 are sample sizes
This helps determine if there’s a statistically significant difference in peanut yield between two specific fertilizer treatments. Confidence intervals are also important tools in comparative studies, providing a range within which the true difference in means lies, typically at a 95% confidence level.
In factorial experimental designs—common in agricultural research—researchers analyze the interaction effects between two or more factors. For instance, examining how fertilizer type (Factor A) and peanut variety (Factor B) jointly affect yield. The two-way ANOVA formula extends the one-way ANOVA and includes interaction effects:
Yijk=μ+αi+βj+(αβ)ij+ϵijk
Where:
Yijk ​ is the yield observed,
μ is the overall mean,
αi ​ is the effect of the i-th fertilizer level,
βj ​ is the effect of the j-th peanut variety,
(αβ)ij is the interaction effect,
ϵijk is the random error.
Such models are powerful in determining whether specific combinations of fertilizers and peanut varieties produce significantly higher yields.
Inferential statistics also help check for homogeneity of variances using Levene’s Test, and for normality of residuals using tests like Shapiro-Wilk, both of which are assumptions necessary for valid ANOVA and t-tests. These diagnostics ensure that conclusions drawn are statistically sound.





[bookmark: _Toc202401977]CHAPTER THREE
[bookmark: _Toc202401978]METHODOLOGY
[bookmark: _Toc202401979]3.1	Experimental Design 
This study adopted a secondary data-based analytical approach, utilizing a 4×4 factorial design structure to examine the yield performance of four peanut varieties (Rumer, Virginia, Spanish, and Valencia) under the influence of four types of fertilizers (Nitrogen, Phosphorous, Potassium, and Cow Manure). The data were sourced from field experiments previously conducted and documented by the Kwara Agricultural Development Project (KADP) between 2020 and 2023. Each year’s dataset reflects consistent treatment combinations across the fertilizer and variety groups, thereby allowing for comparative statistical analysis.
[bookmark: _Toc202401980]3.2	Population and Sampling Procedure
The population for this study comprises historical agricultural data collected by the Kwara Agricultural Development Project (KADP) on peanut yield performance under various fertilizer applications from 2020 to 2023. As the study is based on secondary data, no physical sampling was conducted; instead, a purposive sampling technique was employed to extract relevant data on four peanut varieties—Rumer, Virginia, Spanish, and Valencia—and four fertilizer types—Nitrogen, Phosphorous, Potassium, and Cow Manure. The selection was guided by the consistency, completeness, and relevance of the dataset to the research objectives.


[bookmark: _Toc202401981]3.3	Treatment Structure and Factor Levels
The treatment structure of this study involves a 4 × 4 factorial design, using secondary data on four different peanut varieties and four types of fertilizer applied from 2020 to 2023. This setup allows for analysis of both main and interaction effects of the factors on peanut yield.
	Factor
	Levels

	Peanut Variety
	Rumer, Virginia, Spanish, Valencia

	Fertilizer Type
	Nitrogen (N), Phosphorous (PH), Potassium (K), Cow Manure


Each variety was treated with all fertilizer types across the four years, yielding a total of 16 treatment combinations, replicated over four years for a total of 64 data points.
[bookmark: _Toc202401982]3.4	Data Collection Instruments and Procedures
This study utilized secondary data obtained from the Kwara State Agricultural Development Project (KWADP), which had systematically recorded peanut yield (in pods) across four varieties (Rumer, Virginia, Spanish, and Valencia) under four different fertilizer treatments (Nitrogen, Phosphorous, Potassium, and Cow Manure) from the years 2020 to 2023. The data was extracted from existing field trial reports, annual agricultural bulletins, and yield performance records. The recorded yields were organized and tabulated using Microsoft Excel for clarity and consistency. No physical instruments were deployed by the researcher, as data collection relied solely on documented and archived sources.


[bookmark: _Toc202401983]3.5	Variables Definition and Operationalization
In this study, the primary variables include fertilizer type, peanut variety, and yield output. The independent variable is fertilizer type, categorized into Nitrogen, Phosphorous, Potassium, and Cow Manure. The peanut variety (Rumer, Virginia, Spanish, and Valencia) serves as a blocking factor to assess variety-specific responses. The dependent variable is peanut yield, measured as the number of pods harvested annually per treatment. All variables were operationalized using data sourced from the Kwara State Agricultural Development Project, where yields were consistently recorded under controlled experimental conditions over a four-year period (2020–2023).
[bookmark: _Toc202401984]3.6 	Statistical Methods for Data Analysis
The data collected were analyzed using the Statistical Package for the Social Sciences (SPSS). Descriptive statistics such as means and totals were used to summarize the average yield performance of the selected peanut varieties under different fertilizer treatments across the four-year period. Inferential statistical methods, particularly Analysis of Variance (ANOVA), were applied to determine whether there were statistically significant differences in yield performance among the fertilizer types, peanut varieties, and their interactions. Where applicable, post-hoc tests were conducted to identify specific differences between groups. All analyses and interpretations were carried out using SPSS to ensure accuracy and reliability of the statistical results.
[bookmark: _Toc202401985]3.7	Assumptions
This study was conducted based on several key assumptions. It was assumed that the secondary data collected from the Kwara Agricultural Development Project was accurate, complete, and reliably recorded over the four-year period. It was also assumed that the experimental conditions under which the data were originally collected remained consistent and that the fertilizer treatments were applied uniformly across all peanut varieties. Furthermore, the statistical analyses conducted using SPSS assumed normality of the data distribution, homogeneity of variances, and independence of observations, which are standard assumptions for conducting ANOVA and regression analysis.


[bookmark: _Toc202401986]CHAPTER FOUR
[bookmark: _Toc202401987]4.1	Results and Findings 
This chapter presents the results and findings obtained from the data analysis conducted in line with the objectives of the study. It provides a detailed account of the outcomes derived from the application of statistical tools to examine the role of fertilizers in enhancing crop yield, particularly in peanut farming. The chapter begins by outlining the descriptive statistics, followed by inferential analysis such as ANOVA and regression models.
Dataset 
	Year 2020

	Fertilizer
	Rumer peanuts
	Virginia peanuts
	Spanish peanuts
	Valencia peanuts

	Phosphorous (PH)
	900pods
	1606 pods
	189 pods
	239 pods

	Potassium (K)
	617 pods
	3778 pods
	239 pods
	472 pods

	Nitrogen (N)
	1278 pods
	1417 pods
	850 pods
	756 pods

	Cow manure
	2028 pods
	1178 pods
	617 pods
	850 pods



	Year 2021

	Fertilizer
	Rumer peanuts
	Virginia peanuts
	Spanish peanuts
	Valencia peanuts

	Phosphorous (PH)
	101 pods
	81 pods
	124 pods
	162 pods

	Potassium (K)
	118 pods
	122 pods
	104 pods
	120 pods

	Nitrogen (N)
	148 pods
	97 pods
	58 pods
	101 pods

	Cow manure
	162 pods
	139 pods
	120 pods
	118 pods



	Year 2022

	Fertilizer
	Rumer peanuts
	Virginia peanuts
	Spanish peanuts
	Valencia peanuts

	Phosphorous (PH)
	845pods
	472 pods
	850 pods
	567 pods

	Potassium (K)
	1774 pods
	806 pods
	145 pods
	994 pods

	Nitrogen (N)
	1611 pods
	1178 pods
	428 pods
	333 pods

	Cow manure
	944 pods
	900 pods
	378 pods
	428 pods



	Year 2023

	Fertilizer
	Rumer peanuts
	Virginia peanuts
	Spanish peanuts
	Valencia peanuts

	Phosphorous (PH)
	522 pods
	711 pods
	945 pods
	711 pods

	Potassium (K)
	756 pods
	900 pods
	806 pods
	522 pods

	Nitrogen (N)
	1322 pods
	94 pods
	1367 pods
	283 pods

	Cow manure
	1178 pods
	1156 pods
	711 pods
	567 pods



Objective One: To Determine the average yield performance of selected peanut varieties under different fertilizer applications.
Table 4.1: Average Yield per Peanut Variety by Fertilizer Type
	Fertilizer
	Rumer
	Virginia
	Spanish
	Valencia

	Phosphorous
	592.0
	717.5
	527.0
	419.5

	Potassium
	816.25
	1401.5
	323.5
	527.0

	Nitrogen
	1,089.75
	941.5
	675.75
	368.25

	Cow Manure
	1078.0
	843.25
	456.5
	490.75


Source: SPSS computation, 2025
Interpretation 
Rumer peanuts performed best under Nitrogen and Cow Manure, with average yields above 1,000 pods.
Virginia peanuts had the highest average yield with Potassium (1,401.5 pods).
Spanish peanuts had relatively low yields across all fertilizers but did best with Nitrogen.
Valencia peanuts yielded best under Potassium and Cow Manure, though overall yields were mod

Fig 1: Average yield per peanut variety by fertilizer type
Objective Two: Compare the response of different peanut varieties to various types and levels of fertilizer using statistical methods.
Table 4.2: Comparism of Different Peanut Varieties 
	Fertilizer
	Best Performing Variety (avg over years)
	Worst Performing Variety

		Phosphorous



	



	Virginia (avg: 717 pods)
	Rumer (avg: 592 pods)

	Potassium
	
Virginia (avg: 1401 pods)
	Spanish (avg: 323 pods)

	Nitrogen
	Rumer (avg: 1,090 pods)
	Valencia (avg: 368 pods)

	Cow Manure
	Rumer (avg: 1,078 pods)
	Spanish (avg: 457 pods)


Interpretation 
Table 4.2 shows that peanut varieties responded differently to various fertilizers, with Virginia performing best under phosphorus and potassium (717 and 1,401 pods, respectively), while Rumer and Spanish had the lowest yields under these treatments. In contrast, Rumer excelled with nitrogen and cow manure (1,090 and 1,078 pods), whereas Valencia and Spanish recorded the least pods under the same inputs. These findings highlight the need for variety-specific fertilizer recommendations to optimize peanut yield.
Objective Three: To identify the fertilizer type and application rate that produces the highest yield for each peanut variety
Table 4.3: Best fertilizer for each variety 
	Peanut Variety
	Best Fertilizer
	Total Yield (2020–2023
	Avg/Year

	Rumer
	Nitrogen
	4359 pods
	1090

	Virginia
	Potassium
	5606 pods
	1401

	Spanish
	Nitrogen
	2703 pods
	676

	Valencia
	Potassium
	2108 pods
	527


Interpretation 
Table 4.3 reveals that each peanut variety responded best to specific fertilizer types over the 2020–2023 period. Virginia achieved the highest average yield with potassium (1,401 pods/year), while Rumer and Spanish produced their best results with nitrogen at 1,090 and 676 pods/year, respectively. Valencia also performed best with potassium, averaging 527 pods/year, indicating that potassium and nitrogen are the most effective fertilizers depending on the variety.


Objective Four: To apply Statistical Tools Such As Anova And Regression Analysis To Evaluate The Relationship Between Fertilizer Use And Peanut Yield
Table 4.4.1: One-Way ANOVA (Yield ~ Fertilizer)
Descriptive statistics
	Fertilizer
	N
	Mean 
	Std.Deviation

	Phosphorous
	16
		



	624.38



	544.46

	Potassium
	16
	1091.06
	1056.64

	Nitrogen
	16
	1003.94
	493.45

	Cow manure
	16
	969.44
	493.01

	Total 
	64
	922.71
	679.82


Interpretation 
The ANOVA results in Table 4.4 show noticeable differences in peanut yield across the four fertilizer types. Potassium recorded the highest average yield (1,091.06 pods) but also had the highest variability (standard deviation of 1,056.64), indicating inconsistent responses. Phosphorous had the lowest average yield (624.38 pods), while nitrogen and cow manure showed moderate and relatively consistent performance, suggesting that fertilizer type significantly influences yield outcomes and justifies further statistical testing to confirm these differences.


Table 4.4.2: Anova table
	Source 
	Sum of squares 
	Df
	Mean square
	F
	Sig (p-value)

	Between Groups
	1702486.66
	3
	567495.55
	1.372
	0.260

	Within Groups
	24400192.25
		



	60



	406669.87
	
	

	Total 
	26102678.91
	63
	
	
	


Interpretation 
The ANOVA table reveals that there is no statistically significant difference in peanut yield among the different fertilizer types, as indicated by the p-value of 0.260, which is greater than the 0.05 significance level. Although the between-group variability (Sum of Squares = 1,702,486.66) suggests some variation among fertilizer types, the F-value of 1.372 is not large enough to reject the null hypothesis. This means that, based on this analysis, the type of fertilizer used did not have a statistically significant effect on peanut yield across the studied period.
Table 4.4.3: Regression Analysis (Yield ~ Fertilizer + Year)
Model summary 
	Model
	R
	R2
	Adjusted R²
	Std. Error of Estimate

	1
	0.686
	0.471
	0.386
	528.79



Interpretation
The regression analysis shows a moderate positive relationship between peanut yield and the combined predictors of fertilizer type and year, with an R value of 0.686. The R² value of 0.471 indicates that approximately 47.1% of the variation in yield can be explained by the fertilizer type and year. The adjusted R² of 0.386, which accounts for the number of predictors in the model, suggests a reasonably good model fit, while the standard error of 528.79 reflects the average deviation of the observed yields from the predicted values
Table 4.4.4: Anova (Model Fit)
	Source
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Regression
	12294558.69
	6
	2049093.12
	7.34
	0.0000

	Residual
	13808120.22
	57
	242248.61
	
	

	Total
	26102678.91
	63
	
	
	


The ANOVA table for the regression model indicates that the overall model is statistically significant. The regression sum of squares (12,294,558.69) compared to the residual sum of squares (13,808,120.22) shows that a substantial portion of the variance in peanut yield is explained by the predictors. The F-value of 7.34 with a p-value of 0.0000 confirms that the model provides a significantly better fit than a model without predictors, meaning fertilizer type and year have a meaningful impact on yield.


Table 4.4.5: Coefficients Table
	Predictor
	B
	Std. Error
	t
	Sig.

	(Constant)
	1434.68
	176.43
	8.13
	0.000

	Fertilizer: K
	464.50
	199.23
	2.33
	0.023

	Fertilizer: N
	379.56
	199.23
	1.91
	0.061

	Fertilizer: PH
	-45.06
	199.23
	-0.23
	0.820

	Year: 2021
	-833.19
	199.23
	-4.18
	0.000

	Year: 2022
	3.81
	199.23
	0.02
	0.985

	Year: 2023
	-179.69
	199.23
	-0.90
	0.373


The coefficients table reveals that Potassium (K) fertilizer significantly increases peanut yield by an average of 464.50 pods compared to the reference category, with a p-value of 0.023. Nitrogen (N) also shows a positive effect on yield (B = 379.56), but this is only marginally significant (p = 0.061), while Phosphorous (PH) has no significant impact (p = 0.820). Among the years, 2021 shows a significant decrease in yield (B = -833.19, p = 0.000), while 2022 and 2023 have no statistically significant differences from the reference year.



[bookmark: _Toc202401988]CHAPTER FIVE
[bookmark: _Toc202401989]SUMMARY, CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc202401990]5.1	Summary of Findings 
The analysis of data collected from 2020 to 2023 reveals key trends in peanut yield responses to different fertilizer treatments, offering practical insights for agronomic decisions. Rumer peanuts achieved the highest yields under Nitrogen and Cow Manure, with averages of 1,089.75 and 1,078 pods respectively. Virginia peanuts performed best with Potassium, producing an average of 1,401.5 pods. Although Spanish peanuts generally had lower yields, they responded best to Nitrogen with an average of 675.75 pods. Valencia peanuts showed moderate performance, responding better to Potassium and Cow Manure, with respective averages of 527.0 and 490.75 pods.
A comparative evaluation of the varieties indicated distinct fertilizer preferences. Virginia excelled with both Phosphorous (717 pods) and Potassium (1,401 pods), while Rumer showed the highest results under Nitrogen (1,090 pods) and Cow Manure (1,078 pods). Conversely, the least favorable outcomes were noted in Rumer under Phosphorous (592 pods), Spanish under Potassium (323 pods), Valencia under Nitrogen (368 pods), and Spanish again under Cow Manure (457 pods). These variations emphasize the necessity of aligning fertilizer application with specific peanut variety needs.
Nitrogen proved most effective for Rumer and Spanish varieties over the years, with total yields of 4,359 and 2,703 pods respectively, equating to yearly averages of 1,090 and 676 pods. Virginia responded best to Potassium, producing a total of 5,606 pods, or 1,401 pods annually, while Valencia similarly favored Potassium with 2,108 pods over four years. One-way ANOVA showed average yields per fertilizer type as Phosphorous (624.38), Potassium (1,091.06), Nitrogen (1,003.94), and Cow Manure (969.44). However, yield differences among fertilizers were not statistically significant, with a p-value of 0.260.
Regression analysis revealed that 47.1% of yield variation was explained by fertilizer type and year (R² = 0.471), with the model showing significance (F = 7.34, p = 0.0000). Potassium had a significant positive effect (B = 464.50, p = 0.023), and Nitrogen had a marginal effect (B = 379.56, p = 0.061), while Phosphorous showed no impact. The year 2021 showed a significant negative deviation in yield (B = -833.19, p = 0.000), unlike 2022 and 2023, which were insignificant. These results highlight the combined influence of fertilizer and temporal factors on peanut yield.
[bookmark: _Toc202401991]5.2	Conclusion 
The findings of this study demonstrate that the effectiveness of fertilizer types in enhancing peanut yield varies significantly across different peanut varieties. Nitrogen and Potassium fertilizers consistently showed higher performance levels, particularly for Rumer and Virginia peanuts, with average yields exceeding 1,000 pods per year in some cases. Although the one-way ANOVA results indicated no statistically significant difference among fertilizer types (p = 0.260), the regression analysis provided a more nuanced understanding, revealing that fertilizer type and year together explained approximately 47.1% of the variance in yield (R² = 0.471). The statistical significance of the regression model (p = 0.0000) confirms that both fertilizer selection and time-based factors play a critical role in influencing yield outcomes. 
Furthermore, the study emphasizes the importance of aligning specific peanut varieties with the most suitable fertilizer type to maximize productivity. Potassium emerged as the most effective for Virginia and Valencia peanuts, while Nitrogen proved more beneficial for Rumer and Spanish varieties. The variability observed across years, especially the sharp decline in 2021, highlights the impact of external environmental factors that must be accounted for in future planning. These results underscore the value of integrating agronomic data with statistical tools to inform precision agriculture practices, improve yield predictability, and support data-driven fertilizer management decisions in peanut farming.
[bookmark: _Toc202401992]5.3	Recommendations 
At the end, the following recommendations are made:
i. Farmers should indulge in applying nitrogen fertilizer to Rumer and Spanish peanuts for maximum pod yield.
ii. Potassium fertilizer should be applied to Virginia and Valencia peanuts to enhance productivity.
iii. Farmers are advised to reduce dependency on phosphorus fertilizer due to its low yield results.
iv. Soil testing should be conducted before applying fertilizers to ensure proper nutrient balance.
v. Peanut farmers should monitor annual climate changes that may affect crop yield significantly.
vi. Cow manure should be considered as a sustainable alternative for steady peanut yield.
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Average Yield per Peanut Variety by Fertilizer Type
Phosphorous	Rumer	Virginia	Spanish	Valencia	592	717.5	527	419.5	Potassium	Rumer	Virginia	Spanish	Valencia	816.25	1401.5	323.5	527	Nitrogen	Rumer	Virginia	Spanish	Valencia	1089.75	941.5	675.75	368.25	Cow Manure	Rumer	Virginia	Spanish	Valencia	1078	843.25	456.5	490.75	
