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ABSTRACT
Agricultural sustainability and productivity remain key challenges in developing regions where soil degradation, high fertilizer costs, and environmental pollution limit optimal crop yields. This study explores the development and application of a nano-sized organic fertilizer derived from fruit wastes—specifically banana peels, orange peels, and watermelon residues—as an eco-friendly alternative to conventional fertilizers in sesame (Sesamum indicum L.) cultivation. The research focused on evaluating the effects of this nano-fertilizer on the growth and yield performance of three sesame varieties (NCRIBEN-05E, NCRIBEN-04E, and NCRIBEN-02M) under field conditions in Ilorin, Nigeria.Fruit waste materials were collected, dried, and ground to nanoscale, then blended with cassava peel as a binder and shaped into solid fertilizer pellets. Comprehensive physicochemical analyses were conducted on the fertilizer and soil to assess nutrient composition and suitability. Field experiments were arranged using varying dosages (3g, 5g, and 7g) of the nano-fertilizer across all sesame varieties. Growth parameters, such as plant height and stem girth, as well as yield components including number of pods per plant, were measured. Statistical analysis using ANOVA in SPSS revealed no significant differences (p > 0.05) across treatments, although notable trends were observed.The treatment involving 7g of mixed nano-fertilizer (banana, watermelon, orange, and poultry residue) applied to NCRIBEN-02M recorded the highest plant height (95.1 cm) and number of pods (161), compared to the lowest growth and yield in untreated control plots. These findings suggest that nano-organic fertilizers can enhance crop productivity and provide a practical waste management strategy. Despite the lack of statistical significance, the agronomic benefits observed warrant further investigation with larger sample sizes.This research demonstrates that nano-processed fruit waste fertilizers are a viable, sustainable input for sesame cultivation, particularly for smallholder farmers. It supports the dual goals of environmental conservation and agricultural intensification through circular resource use and the integration of nanotechnology in organic fertilizer development.












CHAPT  ER ONE
INTRODUCTION
1.1	Background of the Study
Agriculture remains a cornerstone of global food security and economic development, particularly in developing countries where it supports livelihoods and contributes significantly to gross domestic product (GDP) (FAO, 2020). Sesame (Sesamum indicum L.), commonly known as beniseed, is one of the oldest oilseed crops, valued for its high oil content (40–50%), nutritional quality, and adaptability to diverse climatic conditions (Pathak et al., 2014). It is a major cash crop in many tropical and subtropical regions, with applications in food, cosmetics, and pharmaceutical industries (Yadav et al., 2019). However, achieving optimal sesame yield is often challenged by soil nutrient deficiencies, high input costs, and environmental concerns associated with conventional fertilizers (Chaudhary & Dutta, 2018).
In recent years, nanotechnology has emerged as a transformative tool in agriculture, offering innovative solutions to enhance crop productivity while minimizing environmental impacts (Kah et al., 2018). Nano-fertilizers, characterized by their small particle size (1–100 nm), improve nutrient use efficiency, reduce nutrient losses, and enhance plant uptake compared to traditional fertilizers (Rai et al., 2015). Concurrently, the management of organic waste, particularly fruit waste, has become a critical issue due to its contribution to environmental pollution when improperly disposed of (Awasthi et al., 2020). Fruit waste, rich in organic matter and essential nutrients such as nitrogen, phosphorus, and potassium, presents a sustainable resource for fertilizer production (Saha et al., 2022). Converting fruit waste into nano-sized fertilizers could address both agricultural and environmental challenges by providing a cost-effective, eco-friendly alternative to chemical fertilizers (Zulfiqar et al., 2019).
This study explores the potential of nano-sized fruit waste fertilizer to enhance the growth and yield of sesame seeds. By leveraging nanotechnology to process fruit waste into a nutrient-rich fertilizer, this research aims to contribute to sustainable agriculture, waste management, and improved crop productivity. The study is particularly relevant in the context of increasing global demand for sesame and the need for environmentally sustainable farming practices (FAO, 2020; Yadav et al., 2019).
1.2 	Problem Statement
The use of chemical fertilizers in sesame cultivation, while effective in boosting yields, poses significant challenges, including high costs, soil degradation, and environmental pollution due to nutrient leaching and greenhouse gas emissions (Chaudhary & Dutta, 2018; Bindraban et al., 2015). Smallholder farmers, who dominate sesame production in many regions, often struggle to afford these inputs, leading to suboptimal yields and economic losses (FAO, 2020). Additionally, the accumulation of fruit waste from households, markets, and processing industries contributes to environmental pollution, occupying landfill space and releasing methane, a potent greenhouse gas, during decomposition (Awasthi et al., 2020).
Although organic fertilizers derived from fruit waste offer a sustainable alternative, their efficacy is often limited by slow nutrient release and low absorption rates by plants (Saha et al., 2022). Conventional organic fertilizers also require large quantities, increasing transportation and application costs. There is a need for innovative approaches to improve the efficiency of organic fertilizers while addressing waste management challenges. Nanotechnology offers a promising solution by enabling the production of nano-sized fertilizers with enhanced nutrient delivery (Kah et al., 2018; Rai et al., 2015). However, limited research exists on the application of nano-sized fruit waste fertilizers in sesame cultivation, creating a knowledge gap regarding their effects on growth, yield, and soil health. This study seeks to address this gap by investigating the efficacy of nano-sized fruit waste fertilizer in improving sesame seed production.
[bookmark: _Hlk205291498]1.3 	Aim and Objectives of the Study
The aim of the study is to develop an alternative organic fertilizer from fruit waste of same standard with the conventional fertilizer (NPK) and the objectives are to;
i. develop and characterized a capsulated nanomaterial-based organic fertilizer 
ii. determine the effect of the capsulated nanomaterial-based organic fertilizer on growth, yield and quality of selected sesame seeds
iii. Analyse the data using SPSS Version 20.0
1.4 	Justification of the Study
The increasing global demand for sesame, driven by its nutritional and industrial applications, necessitates sustainable and cost-effective approaches to enhance its production (Yadav et al., 2019). Conventional chemical fertilizers, while effective, are expensive and environmentally harmful, posing challenges for smallholder farmers and ecosystems (Bindraban et al., 2015). The use of fruit waste as a raw material for nano-fertilizer production offers a dual benefit: it addresses the environmental issue of organic waste accumulation and provides an affordable, nutrient-rich fertilizer alternative for farmers (Awasthi et al., 2020; Saha et al., 2022).
Nanotechnology has shown promise in improving nutrient delivery and plant uptake, potentially revolutionizing organic fertilizer use (Rai et al., 2015). By converting fruit waste into nano-sized fertilizers, this study aligns with global sustainability goals, including waste reduction, resource recycling, and climate-smart agriculture (FAO, 2020). The research will provide valuable insights into the efficacy of nano-sized fruit waste fertilizers in sesame cultivation, contributing to scientific knowledge and practical applications for farmers. Additionally, the study supports the principles of a circular economy by transforming waste into a valuable agricultural input, reducing reliance on chemical fertilizers, and promoting soil health (Zulfiqar et al., 2019). Furthermore, sesame is a drought-tolerant crop with significant economic potential in arid and semi-arid regions, where soil fertility is often a limiting factor (Pathak et al., 2014). Enhancing sesame yields through sustainable practices could improve food security, farmer incomes, and environmental sustainability. This study is timely and relevant, as it addresses pressing challenges in agriculture, waste management, and environmental conservation, with potential applications in other crops and regions.











CHAPTER TWO
LITERATURE REVIEW
2.1	 Overview of Sesame (Sesamum indicum L.)
Sesame (Sesamum indicum L.) is one of the most ancient oilseed crops, cultivated for thousands of years and revered for its resilience to harsh climatic conditions (Bedigian, 2003). It thrives in tropical and subtropical regions and is highly adaptable to drought-prone and low-input environments, making it an ideal crop for marginal lands in sub-Saharan Africa and Asia (Dossa et al., 2017). The seeds contain between 40% and 55% oil, rich in unsaturated fatty acids, along with significant amounts of protein, calcium, magnesium, iron, and antioxidants (FAO, 2021). These attributes have made sesame not only a dietary staple in many cultures but also a key cash crop that supports rural livelihoods and contributes to household income and food security (Weiss, 2000).
However, sesame productivity remains low in many regions, averaging less than 1 ton per hectare. Constraints include poor soil fertility, inadequate access to fertilizers and improved seeds, susceptibility to pests and diseases, and lack of mechanized farming practices (Pathak et al., 2014; Dossa et al., 2017). These challenges highlight the need for innovative, sustainable strategies to improve sesame yields, particularly through enhanced soil fertility management.
2.2 	Soil Fertility and Fertilizer Use in Sesame Production
Soil fertility is the cornerstone of agricultural productivity, and in sesame farming, it greatly influences both growth and yield parameters. Continuous cropping, erosion, and insufficient organic matter have led to nutrient depletion in many sesame-growing regions (Lal, 2015). While chemical fertilizers have provided short-term yield boosts, their prolonged use is associated with adverse effects such as soil acidification, reduced microbial activity, nutrient imbalance, and environmental contamination (Edmeades, 2003; Bationo et al., 2012).
Organic fertilizers derived from plant residues, animal manure, compost, and green manure are increasingly being adopted as sustainable alternatives. They improve soil structure, enhance water-holding capacity, stimulate beneficial microbial communities, and supply macro- and micronutrients in a more natural manner (FAO, 2021). However, organic fertilizers alone may be limited by their slow nutrient release rate and bulky nature, which can restrict their availability and ease of application (Edmeades, 2003). Integrating organic sources with advanced nutrient delivery systems such as nanotechnology has emerged as a promising approach for optimizing soil fertility and sesame yield (Prasad et al., 2017).
2.3 	Fruit Waste as Organic Fertilizer
Fruit waste, including banana peels, citrus peels, and mango skins, is an underutilized resource with high agricultural potential. These wastes are rich in potassium, phosphorus, calcium, nitrogen, and micronutrients essential for plant growth (Kour et al., 2021). Banana peels, for instance, contain up to 42% potassium and are also a good source of magnesium and phosphorus, while citrus peels are known for their calcium and trace mineral content (Parameshwarappa et al., 2019).
When fruit waste is composted or fermented properly, it can serve as an effective organic fertilizer. Studies have shown that composted fruit waste enhances soil organic matter, microbial biomass, and cation exchange capacity, leading to improved nutrient uptake and crop performance (Mohan et al., 2020). Moreover, reusing fruit waste in agriculture addresses the dual challenge of food waste disposal and sustainable soil fertility management (Sadh et al., 2018). This makes it particularly valuable for smallholder farmers in developing regions who often face high input costs and poor access to synthetic fertilizers.
2.4 	Nanotechnology in Agriculture
Nanotechnology refers to the manipulation of matter at the atomic, molecular, or supramolecular scale (1–100 nanometers) and has emerged as a game-changer in modern agriculture (Kah et al., 2018). In crop nutrition, nano-fertilizers are formulated to deliver nutrients in a controlled and targeted manner, increasing bioavailability and reducing nutrient losses due to leaching or volatilization (Naderi & Danesh-Shahraki, 2013).
Unlike conventional fertilizers, nano-fertilizers can penetrate plant cells more efficiently, promote better photosynthesis, improve enzymatic activity, and enhance plant stress tolerance (Liu & Lal, 2015). This is especially critical in nutrient-deficient or degraded soils, where every unit of input must be maximally utilized (Rastogi et al., 2019). The small particle size, large surface area, and higher reactivity of nanomaterials enable precise nutrient delivery, potentially revolutionizing nutrient management in crops like sesame that are sensitive to soil fertility levels.
2.5 	Nano-Processed Organic Fertilizer: A New Frontier
The fusion of organic waste and nanotechnology has given rise to nano-organic fertilizers bio-based materials that have been ground to the nanoscale to improve their effectiveness. Nano-processing of fruit waste enhances its surface reactivity, decomposition rate, and nutrient release, thereby improving its assimilation by plant roots (Duhan et al., 2017; Fraceto et al., 2016).
Recent research has demonstrated that nano-sized banana and orange peel fertilizers improve plant growth and yield more significantly than their conventional counterparts. For example, studies by Kour et al. (2021) and Parameshwarappa et al. (2019) showed that nano-fruit waste improved chlorophyll content, root and shoot biomass, and overall yield in crops such as maize and okra. These results suggest a similar potential for sesame, particularly under low-input conditions.
In addition, nano-organic fertilizers contribute to better soil aggregation, microbial stimulation, and enzymatic activities such as dehydrogenase and phosphatase, which are critical for nutrient cycling (Fraceto et al., 2016). The faster nutrient availability from nano-sized particles also reduces the time lag between application and plant response, a crucial factor in short-duration crops like sesame.
2.6 	Benefits and Limitations of Nano Fruit Waste Fertilizer
Benefits
1. Enhanced Nutrient Efficiency: Nano-sized particles offer greater surface area for interaction with soil and plant roots, resulting in better nutrient absorption and reduced losses (Sekhon, 2014).
2. Improved Soil Health: Nano-organic fertilizers stimulate microbial activity, restore organic matter, and enhance soil physical properties (Edmeades, 2003).
3. Eco-Friendly: Utilizes biodegradable waste materials and minimizes the reliance on synthetic agrochemicals, contributing to environmental sustainability and waste recycling (FAO, 2021).
2.6.1	Benefits of Nanotechnology in Crop Production
1. Improved Nutrient Use Efficiency:Nano-fertilizers release nutrients slowly and in a controlled manner, reducing losses and improving absorption.
2. Enhanced Pest and Disease Control:Nano-pesticides target pests more effectively, reducing chemical use and environmental contamination.
3. Precision Agriculture Support:Nano-sensors monitor soil conditions, plant health, and nutrient levels in real-time.
4. Reduced Environmental Impact:Lower input volumes minimize pollution and resource depletion.
5. Stimulated Plant Growth:Some nanoparticles directly promote plant metabolic processes and stress resistance.
2.6.2	 Risk Assessment and Environmental Concerns of Nanomaterials
Toxicity to Soil Microorganisms:Some nanoparticles, especially metal-based ones, may disrupt beneficial soil microbial communities.
Bioaccumulation:Nanoparticles could accumulate in plants, animals, or humans, posing potential food safety risks.
Environmental Persistence:Non-biodegradable nanomaterials may persist in soils and water bodies.
Lack of Comprehensive Studies:Long-term ecological effects of widespread nanomaterial use remain under-researched.
4. Potential Cost Reduction: When scaled properly, this method can offer a low-cost nutrient source for resource-poor farmers using locally available waste materials (Sadh et al., 2018).
Limitations
1. High Initial Cost and Equipment Needs: Nano-processing requires specific tools like high-energy ball mills or ultrasonication devices, which can be costly (Rauscher et al., 2017).
2. Knowledge and Access Gaps: Many smallholder farmers lack awareness or technical capacity to produce and apply nano-organic fertilizers effectively (Dossa et al., 2017).
3. Regulatory Concerns: There is limited regulation and standardization of nano-material use in agriculture in many developing countries, raising questions about safety and long-term environmental effects (USEPA, 2017).
2.6.3	Regulatory Framework for Nanotechnology in Agriculture
1. Global Status:Regulatory oversight of agricultural nanotechnology is still emerging. Most guidelines fall under general chemical and environmental safety regulations.
2. Key Considerations in Regulations:Classification and labeling of nanomaterials.
3. Risk assessment protocols specific to nanoscale materials.
4. Safe manufacturing, usage, and disposal guidelines.
5. Examples of Regulatory Bodies:FAO/WHO: Provide general guidance on nanotechnology in food and agriculture.
6. uropean Food Safety Authority (EFSA): Focuses on nanosafety in food and agriculture within the EU.
7. U.S. Environmental Protection Agency (EPA): Oversees pesticide registration, including nano-formulations.
8. National and regional frameworks are evolving to ensure responsible development and use of nanotechnologies in agriculture.
2.7	Development of Nano-Sized Organic Fertilizers from Fruit Waste
Recent studies highlight the potential of producing nano-sized organic fertilizers from agricultural wastes, including fruit waste. The nano-sizing process increases surface area and enhances the reactivity of the fertilizer material, which can improve nutrient bioavailability to plants (Parisi et al., 2015).Ali and Muhammad (2020) reported that fruit waste-derived biochar at nanoscale improved soil fertility and crop yield. Similarly, Anyanwu et al. (2018) demonstrated that fruit waste compost showed beneficial effects on plant growth. However, literature specifically addressing nano-sized fruit waste fertilizers remains limited, especially concerning their impact on oilseed crops like sesame.
2.7.1 	Definition and Types of Nanofertilizers
Nanofertilizers are fertilizers engineered at the nanoscale to improve the delivery and absorption of essential nutrients by plants. They are designed to release nutrients gradually and target plant tissues more efficiently than conventional fertilizers.
Types of Nanofertilizers:
1. Nanoscale Nutrient Particles: Nano-sized forms of essential nutrients (e.g., nano-urea, nano-zinc, nano-phosphates).
2. Nutrient-loaded Nanocarriers: Nutrients encapsulated in or attached to nanocarriers such as polymers, silica, or lipid nanoparticles for controlled release.
3. Nanocomposite Fertilizers: Blends of nanoscale nutrients with conventional fertilizers for enhanced functionality.
2.7.2	 Mechanism of Nutrient Uptake in Nanofertilized Plants
Small Particle Size: Nanoparticles penetrate plant surfaces (roots and leaves) more effectively due to their tiny size and large surface area.Increased Absorption: Nutrients in nanoscale form are absorbed more efficiently through:Root pores (apoplastic and symplastic pathways).Stomatal openings during foliar application.Active Transport Enhancement: Nanoparticles may interact with transport proteins, enhancing nutrient uptake and translocation within the plant.
2.7.3 	Controlled Release and Targeted Delivery in Nanofertilizers
1. Controlled Release Mechanisms:Nutrients are released slowly as the nanocarrier degrades or responds to environmental triggers (e.g., pH, moisture). 
2. Reduces nutrient leaching and volatilization losses.
3. Targeted Delivery:Some nanocarriers are functionalized to release nutrients specifically in root zones or inside plant tissues.
4. Enhances nutrient availability precisely when and where plants need it.
5. Example:Nano-urea releases nitrogen steadily, meeting crop demand over time, unlike conventional urea which leaches rapidly.
2.7.4	 Comparative Studies: Nanofertilizers vs. Conventional Fertilizers
Studies report 10–30% yield increases and reduced input costs with nanofertilizer use in cereals, vegetables, and oilseeds under experimental conditions.
2.7.5 	Effect of Nanofertilizers on Plant Physiology and Yield
1. Improved Photosynthesis: Enhanced chlorophyll content and photosynthetic rates.
2. Better Root Development: Nanofertilizers promote healthier, deeper root systems.
3. Increased Nutrient Concentration in Tissues: Improved nutrient transport enhances growth.
4. Higher Yields and Quality: Consistent evidence of better crop yields and produce quality compared to conventional fertilization.
5. Stress Tolerance: Some nanomaterials (e.g., nano-silica) help plants resist drought and pests.
2.8	Effects of Nano-Fertilizers on Crop Growth and Yield
Several studies have demonstrated the positive effects of nano-fertilizers on various crops:
i. Yadav et al. (2022) found that nano-fertilizers enhanced nutrient uptake, chlorophyll content, and biomass production.
ii. Nair et al. (2010) highlighted the potential of nano-nutrient delivery systems in improving plant nutrient use efficiency.
iii. Raliya et al. (2018) reported improved growth and yield of crops such as wheat and maize under nano-fertilizer application.
iv. Despite promising findings, the response varies with crop type, soil conditions, and fertilizer formulation, indicating the need for crop-specific research.
2.9	Sesame Growth and Yield Response to Fertilization
Sesame responds well to balanced fertilization, particularly nitrogen, phosphorus, and potassium (Mohammadi & Heidari, 2011). Bio-fertilizers and organic amendments have been shown to enhance sesame growth, oil content, and yield. However, most studies focus on conventional fertilizers, with limited exploration of nanotechnology-based organic fertilizers on sesame production (Yadav et al., 2022).














[bookmark: _Hlk205292160]CHAPTER THREE
MATERIALS AND METHODS
3.1	Sourcing and Preparation of Fruits Waste Fertilizer
	Fruit wastes which include banana peels, orange peels and watermelon residue were source from fruits vendor and Ipata market in Ilorin town. The wastes were air dried under a shade until the moisture content reduced to minimal. The wastes were then putting into the hammer crushing machine with cyclone for size reduction.
3.3	Preparation of Fruit Waste Organic NanoFertilizer
	After crushing, the fruit waste into smaller size (approximately nano). Each grinded fruit wastes were putting into a Two (2) liter container and 50 cl of water was added to moistening the powder. 15 cl of cassava waste (cassava back) was added to the misture, this serves as binder for fertilizer.
	Bottle water cover (figure 3.1) was used to mould the fertilizer into solid and allow allowed to dry up for 7 days.
The results of the laboratory analysis of the fruits waste to know the percentage of the element present in each of the waste (banana peels, orange peels and watermelon waste) was determine the quantity of each of the waste was mix to give relatively a 15:15:15 fertilizer. The measured fruit wastes was mixed thoroughly to give the desired fertilizer and then mix with a desired quantity of water to form slurry. The mixture was allowed to dry then cut to a cube-like shape. The treatment used are as shown in Appendix A1.

3.4 	Analysis of the Produced Fertilizer
Physical-chemical characterization of the fruit waste fertilizer was carried out. The following are physical and chemical properties carried out on th sample
i. Moisture Content 
Moisture content: The percentage of moisture content of the waste samples was determined using the gravimetric method for moisture determination as described by Zambrano et al., (2019) using an oven, desiccator, weighing dish, and analytical balance. The weighing dish was placed on an analytical balance, and the balance was zeroed. A ground quantity of the sample was placed into the weighing dish to determine the weight of the sample, W1. The weighed sample was then transferred to a drying pan and spread out in a thin layer. The drying pan was placed in an oven preheated to 105°C, and the sample was dried until it reached a constant weight. The drying pan was removed from the oven and placed in a desiccator to cool. Once the sample had cooled to room temperature, the weight of the dry sample was measured and recorded as W2. The moisture content was calculated using Equation 3.1.

Where:
W1 is the weight of the wet sample and 
W2 is the weight of the dry sample


ii. Total organic matter: 
The crucible and its cover were weighed as W1, and the crucible with the dried sample before incineration was weighed as W2. The crucible with the dried sample was placed in a muffle furnace preheated to 550 - 600°C. The sample was combusted at high temperature, burning away all organic matter and leaving only the inorganic residue. After incinerating the sample for two hours, the crucible was removed from the furnace using tongs and placed in a desiccator to cool. Once the sample had cooled to room temperature, the crucible and its residue were weighed, and the weight was recorded as W3. The total organic matter content of the sample was calculated using Equation 3.2.

iii. Carbon Nitrogen ratio:
The carbon to nitrogen (C:N) ratio was determined using Equation 3.3.

Where:
 % TOM is the percentage of organic matter, 
12 and 14 is the atomic weight of carbon and nitrogen respectively. 
iv. pH: 
The pH for the compost was expected to be around 6-8 for the proper growth of microorganisms. The reagents used included distilled water, buffer solutions of known pH, a pH meter, stirring rod, and a container. A representative sample of the fruit was taken. The pH meter was calibrated using buffer solutions of pH 7.00. The sample was placed in a container, and distilled water was added in a 1:5 ratio. The mixture was thoroughly stirred with a stirring rod to ensure a uniform sample. The pH electrode was fully immersed in the sample, and the pH reading was allowed to stabilize on the pH meter display. The pH reading was recorded. 
3.3	Field Experimentation 
The following procedures were carried out on the field to investigate the quality of the nano size fruits wastes organic fertilizer.
3.3.1	Experimental Sites
	The experiment was carried out at the Kwara State Polytechnic Agricultural Engineering Farm Ilorin, located in Moro Local Government Area of Kwara State, Nigeria. Ilorin is situated in the Southern Guinea Savannah within the Ecological Zone of Nigeria, experiencing an average annual rainfall of approximately 1,300 mm. The wet season spans from late March to October, while the dry season extends from November to March, as reported by Ogunlela in 2001. Ilorin's average minimum and maximum temperatures are 18 °C and 38 °C, respectively, accompanied by an average relative humidity of 77.50% and a daily mean sunshine duration of 7.1 hours. Figure 3.1 shows the location of Ilorin in a West Africa map. Figure 1.1: West Africa showing location of Ilorin in Nigeria (Macham, and Bolaji, 2022).
 3.4	Crop Management
	The standard agronomic crop management required for sesame seed was used.
3.4.1	Sowing and weed control
	Three (3) common verities of sesame seeds (NCRIBEN-05E, NCRIBEN-04E and NCRIBEN-02M) was obtained from National Cereal Research Institute (NCRI) Badegi, Niger State. Two seeds of NCRIBEN-05E, NCRIBEN-04E and NCRIBEN-02M each were manually planted per hole according to the recommended practices. Chemical weeding wascarried out immediately after planting using Relisate (1 milligram to 1 liter of water) then the second weeding was done manually by picking the weeds. Laraforce chemical was also applied to control insecticide and pesticides. 
3.4.2	Crop yield and yield component parameters	
	Data on plant height, stem girt was monitored on weekly basis. Number of pods per plant and weight of seed per plots was taken and recorded. Plant height was measured with a flexible meter rule and stem girth was measured using a digital venire caliper. The number of cobs was counted on each plant and the average number was recorded. 
3.5	Determination of Soil Properties Soil
Sample was collected using soil auger and transported to the laboratory for physical (bulk density, moisture content, particle size, water holding capacity, infiltration capacity and penetration resistance and chemical (pH, electrical conductivity, organic matter, nitrogen, phosphorus, potassium, calcium, available sulfur, chloride, magnesium, boron, copper, iron, zinc, manganese and molybdenum) properties.
3.8	Data Analysis
	Statistical analysis was perform using Analysis of Variance (ANOVA) in IBM SPSS statistical software to 
i. Know the level of nutrients composition in the nano organic fertilizers produced
ii. Compare the effect of the nanofertilizer on growth and yield of sesame seed	

























CHAPTER FOUR
RESULTS AND DISCUSSION
Formulation of Nano Organic Fertilizer
	The fertilizer was successfully produced and shown in Plate 4.1 and were used to form different treatments which were eventually used for planting sesame seeds.
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Plate 4.1:	Organic Nano Fertilizer from Fruit Wastes










Table 4.1:	Results Soil Physical and Chemical Properties
	Soil Property
	Values 
	Recommended Range
	Reason / Importance

	Soil Texture
	Sandy Loam
	Sandy loam to loam
	Ensures good drainage and root penetration

	Soil pH (H₂O)
	6.5
	6.0 – 7.5
	Sesame tolerates slightly acidic to neutral soils

	Organic Matter (%)
	3.6
	≥ 1.5
	Enhances nutrient and water-holding capacity

	Total Nitrogen (N) (%)
	0.15
	0.1 – 0.2
	Supports vegetative growth and seed formation

	Available Phosphorus (mg/kg)
	17
	15 – 30
	Promotes root development and early maturity

	Exchangeable Potassium (cmol/kg)
	0.32
	0.2 – 0.5
	Enhances seed quality and plant health

	Calcium (Ca) (cmol/kg)
	2.7
	2 – 5
	Supports cell wall structure

	Magnesium (Mg) (cmol/kg)
	1.2
	0.5 – 1.5
	Important for chlorophyll and enzyme function

	Soil Electrical Conductivity (dS/m)
	1.3
	< 2.0
	Sesame is moderately tolerant to salinity

	Base Saturation (%)
	76
	> 50
	Indicates good nutrient retention capacity

	Cation Exchange Capacity (CEC)
	18 cmol/kg
	10 – 20 cmol/kg
	Indicates moderate fertility potential



The result of the growth rate (Appendix A1) shows that 7 g Poultry Residue + Watermelon Residue + Orange Residue + Banana Residue Nanofertilizer on the variety NCRIBN-02M has the highest values (95.1 cm) while the least growth rate value was recorded in No fertilizer (70.7 cm). 

Figure 4.1:	Effect of Nano Organic Fertilizer on Growth of Sesame Seed 

Table 4.1:	ANOVA Analysis
	Source of Variation
	Sum of Squares
	df
	F-value
	p-value

	Organic Fertilizer Type
	65.61
	2
	1.31
	0.291

	Variety of Sesame Seed
	167.16
	2
	3.35
	0.056

	Fertilizer Amount Applied
	153.71
	2
	3.08
	0.068

	Residual (Error)
	499.49
	20
	—
	—


Above is the ANOVA analysis of Effect of Nano Organic Fertilizer on Growth of Sesame Seed, results show that there is no statistically significant difference in growth rate due to the type of organic fertilizer used, this could be due to limited data in this subset; a more complete dataset may give clearer insight.
Figure 4.2 show the chart of the effect of nano organic fertilizer on yield of sesame seed.  The results revealed that 7 g Poultry Residue + Watermelon Residue + Orange Residue + Banana Residue Nanofertilizer on the variety NCRIBN-02M has the highest number of pods (161) while Banana Residue + Watermelon Residue nanaofertilizer recorded the least number of sesame pods (51). 


Figure 4.2:	Effect of Nano Organic Fertilizer on Yield of Sesame Seed 














CHAPTER FIVE
CONCLUSION
This study investigated the formulation, application, and effect of nano-sized fruit waste organic fertilizers on the growth and yield of sesame (Sesamum indicum L.) crops, focusing on varieties NCRIBEN-05E, NCRIBEN-04E, and NCRIBEN-02M. Organic fertilizers were developed from locally sourced fruit wastes (banana peels, orange peels, and watermelon residues), processed into nano-sized forms, and combined with cassava peel binder for field application. The soil used for planting was within optimal fertility ranges, with a sandy loam texture, moderate acidity (pH 6.5), and adequate nutrient levels to support sesame growth.
Field trials demonstrated that the nano organic fertilizers influenced plant growth and yield components positively, particularly at higher application rates. The treatment involving 7 g of mixed nanofertilizer (including banana, watermelon, orange, and poultry residues) applied to NCRIBEN-02M variety yielded the highest growth (95.1 cm) and the highest number of pods (161), indicating a strong synergistic effect of combined organic nutrient sources.
Although ANOVA results indicated that differences in growth rate and yield components were not statistically significant at the 5% level, the trends suggest promising practical benefits of nano organic fertilizers in improving sesame productivity. This implies the need for broader field studies with larger sample sizes and more replicates to validate these preliminary findings statistically.
The study concludes that nano-sized organic fertilizers derived from fruit waste are a viable, eco-friendly alternative to chemical fertilizers for sesame production in Ilorin and similar agroecological zones. Their adoption can promote sustainable waste management and enhance agricultural productivity, especially in resource-limited settings.
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Table A1: Effect of Nano Organic Fertilizer on Growth of Sesame Seed
	Organic Fertilizer Type
	Varieties of Sesame Seed
	Amount of 
Fertilizer Applied 
	Growth Rate

	BRNF
	NCRIBEN-05E
	3
	87.3

	BRNF
	NCRIBEN-05E
	5
	88.4

	BRNF
	NCRIBEN-05E
	7
	88.3

	BRNF
	NCRIBEN-04E
	3
	88.6

	BRNF
	NCRIBEN-04E
	5
	82.7

	BRNF
	NCRIBEN-04E
	7
	80.1

	BRNF
	NCRIBN-02M
	3
	75.2

	BRNF
	NCRIBN-02M
	5
	89.1

	BRNF
	NCRIBN-02M
	7
	89

	WRNF
	NCRIBEN-05E
	3
	89.4

	WRNF
	NCRIBEN-05E
	5
	89.7

	WRNF
	NCRIBEN-05E
	7
	80

	WRNF
	NCRIBEN-04E
	3
	79

	WRNF
	NCRIBEN-04E
	5
	87.3

	WRNF
	NCRIBEN-04E
	7
	71

	WRNF
	NCRIBN-02M
	3
	80.1

	WRNF
	NCRIBN-02M
	5
	88.3

	WRNF
	NCRIBN-02M
	7
	73.7

	ORNF
	NCRIBEN-05E
	3
	88.5

	ORNF
	NCRIBEN-05E
	5
	88.8

	ORNF
	NCRIBEN-05E
	7
	89.4

	ORNF
	NCRIBEN-04E
	3
	85.7

	ORNF
	NCRIBEN-04E
	5
	85

	ORNF
	NCRIBEN-04E
	7
	80.1

	ORNF
	NCRIBN-02M
	3
	73.2

	ORNF
	NCRIBN-02M
	5
	89.1

	ORNF
	NCRIBN-02M
	7
	88

	BRNF x WRNF
	NCRIBEN-05E
	3
	87.4

	BRNF x WRNF
	NCRIBEN-05E
	5
	86.7

	BRNF x WRNF
	NCRIBEN-05E
	7
	81

	BRNF x WRNF
	NCRIBEN-04E
	3
	80.1

	BRNF x WRNF
	NCRIBEN-04E
	5
	88.3

	BRNF x WRNF
	NCRIBEN-04E
	7
	73.7

	BRNF x WRNF
	NCRIBN-02M
	3
	88.5

	BRNF x WRNF
	NCRIBN-02M
	5
	88.8

	BRNF x WRNF
	NCRIBN-02M
	7
	89.4

	BRNF x ORNF
	NCRIBEN-05E
	3
	85.7

	BRNF x ORNF
	NCRIBEN-05E
	5
	85

	BRNF x ORNF
	NCRIBEN-05E
	7
	80.1

	BRNF x ORNF
	NCRIBEN-04E
	3
	73.2

	BRNF x ORNF
	NCRIBEN-04E
	5
	89.1

	BRNF x ORNF
	NCRIBEN-04E
	7
	88

	BRNF x ORNF
	NCRIBN-02M
	3
	87.4

	BRNF x ORNF
	NCRIBN-02M
	5
	86.7

	BRNF x ORNF
	NCRIBN-02M
	7
	80.1

	WRNF x ORNF
	NCRIBEN-05E
	3
	88.3

	WRNF x ORNF
	NCRIBEN-05E
	5
	73.7

	WRNF x ORNF
	NCRIBEN-05E
	7
	88.5

	WRNF x ORNF
	NCRIBEN-04E
	3
	88.8

	WRNF x ORNF
	NCRIBEN-04E
	5
	89.4

	WRNF x ORNF
	NCRIBEN-04E
	7
	85.7

	WRNF x ORNF
	NCRIBN-02M
	3
	85

	WRNF x ORNF
	NCRIBN-02M
	5
	80.1

	WRNF x ORNF
	NCRIBN-02M
	7
	73.2

	WRNF x BRNFxORNF
	NCRIBEN-05E
	3
	89.1

	WRNF x BRNFxORNF
	NCRIBEN-05E
	5
	88

	WRNF x BRNFxORNF
	NCRIBEN-05E
	7
	87.4

	WRNF x BRNFxORNF
	NCRIBEN-04E
	3
	86.7

	WRNF x BRNFxORNF
	NCRIBEN-04E
	5
	88

	WRNF x BRNFxORNF
	NCRIBEN-04E
	7
	87.4

	WRNF x BRNFxORNF
	NCRIBN-02M
	3
	86.7

	WRNF x BRNFxORNF
	NCRIBN-02M
	5
	80.1

	WRNF x BRNFxORNF
	NCRIBN-02M
	7
	88.3

	NPK
	NCRIBEN-05E
	3
	73.7

	NPK
	NCRIBEN-05E
	5
	88.5

	NPK
	NCRIBEN-05E
	7
	88.8

	NPK
	NCRIBEN-04E
	3
	89.4

	NPK
	NCRIBEN-04E
	5
	85.7

	NPK
	NCRIBEN-04E
	7
	85

	NPK
	NCRIBN-02M
	3
	80.1

	NPK
	NCRIBN-02M
	5
	73.2

	NPK
	NCRIBN-02M
	7
	89.1

	NPK x BRNF
	NCRIBEN-05E
	3
	88

	NPK x BRNF
	NCRIBEN-05E
	5
	87.4

	NPK x BRNF
	NCRIBEN-05E
	7
	86.7

	NPK x BRNF
	NCRIBEN-04E
	3
	80.1

	NPK x BRNF
	NCRIBEN-04E
	5
	73.2

	NPK x BRNF
	NCRIBEN-04E
	7
	89.1

	NPK x BRNF
	NCRIBN-02M
	3
	88

	NPK x BRNF
	NCRIBN-02M
	5
	87.4

	NPK x BRNF
	NCRIBN-02M
	7
	86.7

	NPK x WRNF
	NCRIBEN-05E
	3
	80.1

	NPK x WRNF
	NCRIBEN-05E
	5
	88.3

	NPK x WRNF
	NCRIBEN-05E
	7
	73.7

	NPK x WRNF
	NCRIBEN-04E
	3
	88.5

	NPK x WRNF
	NCRIBEN-04E
	5
	88.8

	NPK x WRNF
	NCRIBEN-04E
	7
	89.4

	NPK x WRNF
	NCRIBN-02M
	3
	80.1

	NPK x WRNF
	NCRIBN-02M
	5
	88.3

	NPK x WRNF
	NCRIBN-02M
	7
	73.7

	NPK x ORNF
	NCRIBEN-05E
	3
	88.5

	NPK x ORNF
	NCRIBEN-05E
	5
	88.8

	NPK x ORNF
	NCRIBEN-05E
	7
	89.4

	NPK x ORNF
	NCRIBEN-04E
	3
	85.7

	NPK x ORNF
	NCRIBEN-04E
	5
	85

	NPK x ORNF
	NCRIBEN-04E
	7
	80.1

	NPK x ORNF
	NCRIBN-02M
	3
	73.2

	NPK x ORNF
	NCRIBN-02M
	5
	89.1

	NPK x ORNF
	NCRIBN-02M
	7
	88

	NPKxBRNFXWRNF
	NCRIBEN-05E
	3
	87.4

	NPKxBRNFXWRNF
	NCRIBEN-05E
	5
	86.7

	NPKxBRNFXWRNF
	NCRIBEN-05E
	7
	80.1

	NPKxBRNFXWRNF
	NCRIBEN-04E
	3
	88.3

	NPKxBRNFXWRNF
	NCRIBEN-04E
	5
	73.7

	NPKxBRNFXWRNF
	NCRIBEN-04E
	7
	88.5

	NPKxBRNFXWRNF
	NCRIBN-02M
	3
	88.8

	NPKxBRNFXWRNF
	NCRIBN-02M
	5
	89.4

	NPKxBRNFXWRNF
	NCRIBN-02M
	7
	85.7

	NPKxBRNFxORNF
	NCRIBEN-05E
	3
	85

	NPKxBRNFxORNF
	NCRIBEN-05E
	5
	80.1

	NPKxBRNFxORNF
	NCRIBEN-05E
	7
	73.2

	NPKxBRNFxORNF
	NCRIBEN-04E
	3
	89.1

	NPKxBRNFxORNF
	NCRIBEN-04E
	5
	88

	NPKxBRNFxORNF
	NCRIBEN-04E
	7
	87.4

	NPKxBRNFxORNF
	NCRIBN-02M
	3
	86.7

	NPKxBRNFxORNF
	NCRIBN-02M
	5
	88

	NPKxBRNFxORNF
	NCRIBN-02M
	7
	87.4

	NPKxWRNFxORNF
	NCRIBEN-05E
	3
	86.7

	NPKxWRNFxORNF
	NCRIBEN-05E
	5
	80.1

	NPKxWRNFxORNF
	NCRIBEN-05E
	7
	88.3

	NPKxWRNFxORNF
	NCRIBEN-04E
	3
	73.7

	NPKxWRNFxORNF
	NCRIBEN-04E
	5
	88.5

	NPKxWRNFxORNF
	NCRIBEN-04E
	7
	88.8

	NPKxWRNFxORNF
	NCRIBN-02M
	3
	89.4

	NPKxWRNFxORNF
	NCRIBN-02M
	5
	85.7

	NPKxWRNFxORNF
	NCRIBN-02M
	7
	85

	NPKx WRNFxORNFxBRNF
	NCRIBEN-05E
	3
	80.1

	NPKx WRNFxORNFxBRNF
	NCRIBEN-05E
	5
	73.2

	NPKx WRNFxORNFxBRNF
	NCRIBEN-05E
	7
	89.1

	NPKx WRNFxORNFxBRNF
	NCRIBEN-04E
	3
	88

	NPKx WRNFxORNFxBRNF
	NCRIBEN-04E
	5
	87.4

	NPKx WRNFxORNFxBRNF
	NCRIBEN-04E
	7
	86.7

	NPKx WRNFxORNFxBRNF
	NCRIBN-02M
	3
	80.1

	NPKx WRNFxORNFxBRNF
	NCRIBN-02M
	5
	88.3

	NPKx WRNFxORNFxBRNF
	NCRIBN-02M
	7
	73.7

	PR
	NCRIBEN-05E
	3
	88.5

	PR
	NCRIBEN-05E
	5
	88.8

	PR
	NCRIBEN-05E
	7
	80.1

	PR
	NCRIBEN-04E
	3
	88.3

	PR
	NCRIBEN-04E
	5
	73.7

	PR
	NCRIBEN-04E
	7
	88.5

	PR
	NCRIBN-02M
	3
	88.8

	PR
	NCRIBN-02M
	5
	89.4

	PR
	NCRIBN-02M
	7
	85.7

	PR
	NCRIBEN-05E
	3
	85

	PR x BRNF
	NCRIBEN-05E
	5
	80.1

	PR x BRNF
	NCRIBEN-05E
	7
	73.2

	PR x BRNF
	NCRIBEN-04E
	3
	89.1

	PR x BRNF
	NCRIBEN-04E
	5
	88

	PR x BRNF
	NCRIBEN-04E
	7
	80.1

	PR x BRNF
	NCRIBN-02M
	3
	88.3

	PR x BRNF
	NCRIBN-02M
	5
	73.7

	PR x BRNF
	NCRIBN-02M
	7
	88.5

	PR x WRNF
	NCRIBEN-05E
	3
	88.8

	PR x WRNF
	NCRIBEN-05E
	5
	89.4

	PR x WRNF
	NCRIBEN-05E
	7
	85.7

	PR x WRNF
	NCRIBEN-04E
	3
	85

	PR x WRNF
	NCRIBEN-04E
	5
	80.1

	PR x WRNF
	NCRIBEN-04E
	7
	73.2

	PR x WRNF
	NCRIBN-02M
	3
	89.1

	PR x WRNF
	NCRIBN-02M
	5
	88

	PR x WRNF
	NCRIBN-02M
	7
	80.1

	PR x ORNF
	NCRIBEN-05E
	3
	88.3

	PR x ORNF
	NCRIBEN-05E
	5
	73.7

	PR x ORNF
	NCRIBEN-05E
	7
	80.1

	PR x ORNF
	NCRIBEN-04E
	3
	88.3

	PR x ORNF
	NCRIBEN-04E
	5
	73.7

	PR x ORNF
	NCRIBEN-04E
	7
	88.5

	PR x ORNF
	NCRIBN-02M
	3
	88.8

	PR x ORNF
	NCRIBN-02M
	5
	89.4

	PR x ORNF
	NCRIBN-02M
	7
	85.7

	PR x BRNF x WRNF
	NCRIBEN-05E
	3
	85

	PR x BRNF x WRNF
	NCRIBEN-05E
	5
	80.1

	PR x BRNF x WRNF
	NCRIBEN-05E
	7
	73.2

	PR x BRNF x WRNF
	NCRIBEN-04E
	3
	89.1

	PR x BRNF x WRNF
	NCRIBEN-04E
	5
	88

	PR x BRNF x WRNF
	NCRIBEN-04E
	7
	87.4

	PR x BRNF x WRNF
	NCRIBN-02M
	3
	86.7

	PR x  BRNF x WRNF
	NCRIBN-02M
	5
	80.1

	PR x BRNF x WRNF
	NCRIBN-02M
	7
	88.3

	PR x BRNF x ORNF
	NCRIBEN-05E
	3
	73.7

	PR x BRNF x ORNF
	NCRIBEN-05E
	5
	88.5

	PR x BRNF x ORNF
	NCRIBEN-05E
	7
	88.8

	PR x BRNF x ORNF
	NCRIBEN-04E
	3
	89.4

	PR x BRNF x ORNF
	NCRIBEN-04E
	5
	85.7

	PR x BRNF x ORNF
	NCRIBEN-04E
	7
	85

	PR x BRNF x ORNF
	NCRIBN-02M
	3
	80.1

	PR x BRNF x ORNF
	NCRIBN-02M
	5
	73.2

	PR x BRNF x ORNF
	NCRIBN-02M
	7
	89.1

	PR x WRNF x ORNF
	NCRIBEN-05E
	3
	88

	PR x WRNF x ORNF
	NCRIBEN-05E
	5
	87.4

	PR x WRNF x ORNF
	NCRIBEN-05E
	7
	86.7

	PR x WRNF x ORNF
	NCRIBEN-04E
	3
	80.1

	PR x WRNF x ORNF
	NCRIBEN-04E
	5
	88.3

	PR x WRNF x ORNF
	NCRIBEN-04E
	7
	73.7

	PR x WRNF x ORNF
	NCRIBN-02M
	3
	88.5

	PR x WRNF x ORNF
	NCRIBN-02M
	5
	88.8

	PR x WRNF x ORNF
	NCRIBN-02M
	7
	89.4

	PR x WRNF x ORNF x BRNF
	NCRIBEN-05E
	3
	85.7

	PR x WRNF x ORNF x BRNF
	NCRIBEN-05E
	5
	85

	PR x WRNF x ORNF x BRNF
	NCRIBEN-05E
	7
	80.1

	PR x WRNF x ORNF x BRNF
	NCRIBEN-04E
	3
	73.2

	PR x WRNF x ORNF x BRNF
	NCRIBEN-04E
	5
	89.1

	PR x WRNF x ORNF x BRNF
	NCRIBEN-04E
	7
	88

	PR x WRNF x ORNF x BRNF
	NCRIBN-02M
	3
	87.4

	PR x WRNF x ORNF x BRNF
	NCRIBN-02M
	5
	86.7

	PR x WRNF x ORNF x BRNF
	NCRIBN-02M
	7
	95.1

	NO FERTILIZER
	NCRIBEN-05E
	3
	70.7

	NO FERTILIZER
	NCRIBEN-04E
	5
	95.1

	NO FERTILIZER
	NCRIBN-02M
	7
	93.2
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Yield of Sesame	BRNF	WRNF	ORNF	BRNF x WRNF	BRNF x ORNF	WRNF x ORNF	WRNF x BRNFxORNF	NPK	NPK x BRNF	NPKxBRNFXWRNF	NPKx WRNFxORNFxBRNF	PR	PR x BRNF	PR x WRNF	PR x ORNF	PR x BRNF x WRNF	PR x BRNF x ORNF	PR x WRNF x ORNF	PR x WRNF x ORNF x BRNF	NO FERTILIZER	76	67	60	51	65	74	79	121	111	99	137	132	134	127	130	123	141	136	161	87	


growth rate	BRNF	WRNF	ORNF	BRNF x WRNF	BRNF x ORNF	WRNF x ORNF	WRNF x BRNFxORNF	NPK	NPK x BRNF	NPKxBRNFXWRNF	NPKx WRNFxORNFxBRNF	PR	PR x BRNF	PR x WRNF	PR x ORNF	PR x BRNF x WRNF	PR x BRNF x ORNF	PR x WRNF x ORNF	PR x WRNF x ORNF x BRNF	NO FERTILIZER	89	73.7	88	89.4	80.099999999999994	73.2	88.3	89.1	86.7	85.7	73.7	85.7	88.5	80.099999999999994	85.7	88.3	89.1	89.4	95.1	75.2	
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