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[bookmark: _Toc213236202]ABSTRACT
This study sassed effect of organic and inorganic fertilizer on the growth of zea mays (maize). The objectives is to assess maize growth characteristics (height, leaf size, root development) under different fertilizer applications, to analyze soil nutrient composition before and after fertilization, and to compare the yield performance of maize treated with organic and inorganic fertilizers. The maize seeds that were used during this experiment were obtained from Sokoto main Market. Fifteen (15) seeds of maize were used for the experiment which were planted inside 9 polythene bags filled with soil sample which was collected from the Department of Plant Sciences, Usmanu Danfodiyo University Sokoto. Each bag containing 3 seed which make them 27, the bags were then divided into three, three of which organic fertilizer was used, while three for inorganic fertilizer, while the last three were kept as control according. At the early stage (week 1–2), all treatments produced a similar number of leaves, showing no significant difference. However, from week 3 onward, the maize plants treated with cow dung (organic fertilizer) began to show a noticeable increase in leaf number. By week 6, the organic treatment recorded the highest mean number of leaves (12 ± 0.30), while the control and NPK plots produced fewer leaves (7 ± 0.20 and 6 ± 0.15 respectively). This trend demonstrates that organic fertilizer promotes better vegetative growth in maize than inorganic fertilizer or unfertilized soil. Based on the findings of this study, the following recommendations are made: Farmers should be encouraged to use organic fertilizers such as cow dung, compost, and green manure to improve maize yield and maintain soil fertility sustainably. 
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[bookmark: _Toc213236203]CHAPTER ONE
[bookmark: _Toc213236204]1.0			                        INTRODUCTION
[bookmark: _Toc213236205]1.1 Background of the Study
Maize or corn (Zea mays) belongs to the family Poaceae. It is a C4 plant, a quick growing crop. It globally ranks the third among cereal crops after wheat and rice, and it is an  important staple food in many countries. Grains of maize contain 13% moisture, 10% crude protein and 70.3 carbohydrate (Martin et al., 2006). Organic fertilizers, such as manure and compost, enhance soil microbial activity and improve water retention (Bationo et al., 2018). They release nutrients slowly, providing long-term sustainability. In contrast, inorganic fertilizers supply immediate nutrients, promoting rapid plant growth but sometimes leading to soil degradation (Adesina et al., 2019). Understanding the comparative effects of these fertilizer types on maize growth is vital for developing sustainable agricultural practices (Ali et al., 2022).  
The use of both organic and inorganic fertilizers by farmers has been reported to increase yield, sustain productivity and improved soil chemical properties (Oyedeji, 2016). Application of mineral fertilizer in combination with locally available organic fertilizer is important to maintain soil fertility that achieve balanced nutrient supply in order to increase crop yield. It is one of the best practices for plant nutrient management to optimize social, economic, and environmental benefits of crop production. Integrated soil fertility management involving the judicious use of combinations of organic and inorganic resources is a feasible approach to overcome soil fertility constraints. Combined organic and inorganic fertilization both enhanced carbon storage in soils and reduced emissions from nitrogen fertilizer use while contributing to high crop productivity in agriculture (Abbasi and Yousra, 2012).
The use of inorganic fertilizers alone has not been helpful under intensive agriculture because it aggravates soil degradation. Maintaining and improving soil quality is crucial if agricultural productivity and environmental quality are to be sustained for future generations. Intensive agriculture has had negative effects on the soil environment over the past decades (e.g. loss of soil organic matter, soil erosion and water pollution). Management methods that decrease requirements for agricultural chemicals are needed in order to avoid adverse environmental impacts. Zhao et al., (2009); Afe et al. (2015) and Abdelzaher et al. (2017), observed that combined application of organic and inorganic fertilizer increased the growth and yield of maize than when any of the fertilizer was used alone.
Tolessa and Friesen (2001) reported that maize growth and yield were significantly increased by farmyard manure (FYM) application enriched with chemical fertilizers. The role of organic fertilizers (compost) is improving soil organic matter, nitrogen content and phosphorus concentration. Furthermore, decreasing soil pH, which results in increasing solubility of nutrients and nutrient availability to the plants, hence enhancement plant growth and development as well as gradually increase maize grain yield (Ali et al., 2003). The combined application of FYM with inorganic nitrogen fertilizers exerted a favorable effect on maize productivity and NPK uptake (Artar et al., 2006). Prabu and Uthaya (2006) concluded that organic manures play a vital role in maintaining physical, chemical and biological conditions of soil and supply of macro and micronutrients to crops besides maintaining humic substances in soil and also the wastes are effectively utilized for crop production. The addition of organic sources could increase corn yields through increased soil productivity and higher fertilizer use efficiency. Organic matter plays an important role in nutrient recycling. It has been shown that addition of organic materials caused an increase in plant dry matter yield and its uptake of the macro and micro nutrient elements (Abdas et al., 2009).
[bookmark: _Toc213236206]1.2 Statement of the Problem
Farmers face challenges in determining the most effective fertilization method for improving maize yield while preserving soil quality (Nweke et al., 2021). Inorganic fertilizers contribute to quick growth, but excessive use can lead to nutrient depletion and environmental pollution (Zhang et al., 2017). Meanwhile, organic fertilizers improve soil health yet may lack the immediacy needed for large-scale production (Mbah et al., 2020).
Despite the increasing awareness of the importance of balanced nutrient management for sustainable maize production, farmers in Sokoto State continue to face significant challenges in optimizing their fertilization practices. A key issue is the limited availability of location-specific research that directly compares the efficacy of different organic and inorganic fertilizer types, as well as their combinations, on maize growth and yield under the unique soil and climatic conditions of the region. Current fertilizer recommendations often tend to be generalized across broader agro-ecological zones and may not adequately address the specific nutrient requirements of maize or the particular characteristics of Sokoto soils (e.g., low phosphorus availability, potential for wind erosion affecting nutrient retention) (Omomowo and Agele, 2013). This can lead to either under-fertilization, resulting in suboptimal yields, or over-fertilization with inorganic sources, potentially causing environmental pollution and soil degradation without a proportional increase in productivity (Tilman et al., 2002).
Furthermore, there is a lack of comprehensive understanding among farmers in Sokoto regarding the synergistic effects that can be achieved through the integrated use of organic and inorganic fertilizers. Many farmers may rely predominantly on one type of fertilizer without fully exploiting the potential benefits of combining them to improve nutrient use efficiency, soil health, and overall crop resilience (Shah and Wu, 2019).
Despite research on fertilization strategies, there is limited comparative analysis on the growth performance of maize plants treated with organic versus inorganic fertilizers in specific soil conditions (Okonkwo et al., 2023). This study seeks to provide insights into maize growth under different fertilization methods, offering practical recommendations for farmers.
[bookmark: _Toc213236207]1.3 Justification of the Study 
Sustaining maize productivity while preserving soil fertility is critical for food security (FAO, 2021). Maize is a vital food and economic crop in Sokoto State. Determining the most effective fertilization methods will directly contribute to increased maize yields, improving food security and the livelihoods of local farmers. Understanding the balanced application of organic and inorganic fertilizers can lead to more sustainable agricultural practices in Nigeria. This includes improving soil health, maintaining soil fertility over time, and potentially mitigating any negative environmental impacts associated with fertilizer use (Adediran et al., 2005)
The results of this study will offer valuable, context-specific recommendations for maize farmers in Sokoto State. This localized information will be more relevant than generalized guidelines, enabling farmers to optimize their fertilizer use based on their local conditions (Hossain and Siddique, 2020). Increased maize yields and efficient fertilizer use can lead to better economic returns for farmers in Sokoto, contributing to poverty reduction and agricultural development in the region. This research will add to the scientific understanding of plant nutrition and soil fertility management within the Sudan Savanna agro-ecological zone, providing valuable data for future research and agricultural extension efforts (Jeps, 2011).

[bookmark: _Toc213236208]1.4 Aim and Objectives of the Research
The aim of this study is to determine the effects of organic and inorganic fertilizers on the growth  of Zea mays, (Maize). The specific are;
1. To assess maize growth of maize as influence by organic manure and NPK fertilizer.  
2. To determine the effect of the manure and NPK on characteristics and nutrient compositions.
3. To assess the  yield of the maize as influence by manure and NPK.
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[bookmark: _Toc213236210]2.0				     LITERATURE REVIEW
[bookmark: _Toc213236211]2.1 Introduction
Maize (Zea mays) stands as one of the most vital cereal crops globally, underpinning food security, animal feed production, and various industrial applications across diverse agro-ecological zones (Ranum et al., 2014). Its productivity is intrinsically linked to the inherent fertility of the soil and the implementation of appropriate nutrient management strategies, particularly in regions where soils may be inherently poor or depleted due to continuous cultivation (FAO, 2021). Achieving optimal maize yields necessitates a thorough understanding of the plant's nutritional requirements throughout its growth cycle and the effective application of suitable fertilizers (Ranum et al., 2014).
Fertilizers, broadly categorized into organic and inorganic types, represent key inputs in modern agriculture aimed at augmenting nutrient availability and enhancing maize growth and yield potential. Organic fertilizers, derived from plant and animal residues, contribute not only essential nutrients but also play a crucial role in improving overall soil health, structure, water retention, and biological activity, fostering a more sustainable agroecosystem (Lal, 2009). Examples include animal manures, composts, and green manures, which release nutrients gradually and can enhance long-term soil fertility (Bernal et al., 2017).
In contrast, inorganic fertilizers, also known as synthetic or chemical fertilizers, are manufactured substances containing concentrated amounts of specific nutrients in readily plant-available forms (Havlin et al., 2014). These fertilizers offer the advantage of providing a quick and targeted supply of nutrients, often leading to rapid growth responses and increased yields, particularly when applied at critical growth stages (Tilman et al., 2002). However, concerns exist regarding the long-term sustainability of sole reliance on inorganic fertilizers, including potential negative impacts on soil structure, microbial diversity, and the risk of nutrient leaching and runoff, contributing to environmental degradation (Adesina et al., 2019).
The choice and management of fertilizer types significantly influence maize production outcomes. Research has explored the individual and combined effects of organic and inorganic fertilizers on various aspects of maize growth, including germination rates, plant height, biomass accumulation, yield components (such as cob size and kernel number), and grain quality (Chukwuka et al., 2023; Garba et al., 2022). Understanding the specific impacts of these fertilizer types under different soil and climatic conditions is crucial for developing effective and sustainable nutrient management strategies for maize cultivation in diverse agricultural systems.
This chapter aims to provide a comprehensive review of relevant studies that have investigated the influence of both organic and inorganic fertilizers on maize production. It will delve into the mechanisms by which these fertilizers affect soil properties and plant physiology, ultimately impacting maize growth and yield. By synthesizing existing knowledge, this review will lay the groundwork for understanding the potential benefits and limitations of each fertilizer type and the implications for sustainable maize cultivation, particularly in the context of the specific study area (which you will likely introduce later in your full chapter).
[bookmark: _Toc213236212]2.2 Maize Growth
Maize (Zea mays), a globally significant cereal crop, exhibits a complex growth cycle characterized by distinct vegetative and reproductive phases, each with specific demands for essential nutrients. Effective fertilization, encompassing the strategic application of both organic and inorganic sources, is paramount for optimizing maize growth, maximizing grain yield, and ensuring sustainable agricultural practices. Understanding the intricate interplay between nutrient availability and the physiological requirements of maize at each developmental stage is crucial for developing tailored fertilization regimes.
[bookmark: _Toc213236213]2.3 The Fundamental Role of Nutrients in Maize Physiology
[bookmark: _Toc213236214]2.3.1 Macronutrients:
[bookmark: _Toc213236215]2.3.1.1 Nitrogen (N)
 Nitrogen stands as a cornerstone for maize growth, profoundly influencing vegetative development. It is a primary constituent of chlorophyll, the pigment essential for photosynthesis, enabling the plant to convert light energy into chemical energy (Taiz and Zeiger, 2010). Adequate nitrogen supply promotes vigorous leaf area expansion, ensuring maximum light interception and photosynthetic capacity. Furthermore, nitrogen is a key component of amino acids, the building blocks of proteins, which are vital for enzymatic activity and structural integrity throughout the plant (Marschner, 2012). The demand for nitrogen is particularly high during the rapid vegetative growth phases (V6-V12), directly impacting cob size, kernel number per cob, and ultimately, grain yield. Deficiencies at critical growth stages can lead to stunted growth, chlorosis (yellowing of leaves), and significantly reduced yields.
[bookmark: _Toc213236216]2.3.1.2 Phosphorus (P)
 Phosphorus plays a pivotal role in the early developmental stages of maize, particularly in root initiation and growth (Brady and Weil, 2017). A well-established root system is fundamental for efficient uptake of water and other nutrients throughout the plant's life cycle. Phosphorus is also crucial for energy transfer within the plant through ATP (adenosine triphosphate) and is involved in the synthesis of nucleic acids (DNA and RNA), which govern genetic information and protein synthesis (Havlin et al., 2014). Adequate phosphorus supply promotes uniform maturity, enhances flowering and pollination, and contributes to improved grain fill and kernel quality. Deficiency symptoms include purplish discoloration of leaves and stunted growth, especially in young seedlings.
[bookmark: _Toc213236217]2.3.1.3 Potassium (K)
 Potassium is essential for a multitude of physiological processes in maize, including osmotic regulation, which controls water movement within the plant and contributes to drought tolerance (Mengel and Kirkby, 2001). It activates numerous enzymes involved in photosynthesis, respiration, and carbohydrate metabolism, facilitating the translocation of sugars from the leaves to the developing grains, thereby influencing kernel weight and quality. Potassium also plays a significant role in enhancing stalk strength, reducing lodging (bending or breaking of the stalk), and improving the plant's resistance to various diseases and pests. Deficiency symptoms often manifest as yellowing or browning of leaf margins, particularly on older leaves, and weak stalks (Xu et al., 2018).
[bookmark: _Toc213236218]2.3.2 Micronutrients:
While required in smaller quantities, micronutrients are equally vital for specific enzymatic and metabolic functions in maize:
2.3.2.1 Zinc (Zn): Plays a critical role in enzyme systems, chlorophyll synthesis, and the production of plant growth hormones, particularly auxin, which is essential for cell elongation and early root and shoot development (Alloway, 2008). Zinc deficiency, common in some soils, can lead to stunted growth, interveinal chlorosis (yellowing between veins), and reduced kernel development (Yadav et al., 2024)
2.3.2.2 Magnesium (Mg): A central atom in the chlorophyll molecule, magnesium is indispensable for photosynthesis (Taiz and Zeiger, 2010). It also activates several enzymes involved in carbohydrate metabolism and nutrient uptake. Deficiency can cause interveinal chlorosis, often starting on older leaves (Marschner, 2012).
2.3.2.3 Iron (Fe), Manganese (Mn), Copper (Cu), Boron (B), Molybdenum (Mo): These micronutrients are involved in various enzymatic reactions, redox processes, cell wall formation (boron), and nitrogen metabolism (molybdenum) that are crucial for overall plant health and development (Havlin et al., 2014).
[bookmark: _Toc213236219]2.3.3 Maize Growth Stages and Corresponding Nutrient Demands
The life cycle of maize can be broadly divided into vegetative (V) and reproductive (R) stages, each exhibiting distinct physiological processes and consequently varying nutrient requirements (Ciampitti and Vyn, 2011).
2.3.2.4 Emergence: This initial stage focuses on germination and the establishment of the seedling. While primarily relying on seed reserves, the presence of readily available phosphorus in the soil solution, often through starter fertilizers, promotes early root development and seedling vigor, ensuring a strong foundation for subsequent growth (Blandino et al., 2022)
2.3.2.5 Early Vegetative Growth: During these early leaf stages, the plant begins to transition to autotrophic growth, becoming increasingly reliant on nutrient uptake from the soil. Phosphorus remains crucial for continued root development, while the demand for nitrogen and potassium gradually increases as the photosynthetic machinery develops. Zinc is particularly important for early root and shoot growth during this phase (Rudani et al., 2018).
2.3.2.6 Rapid Vegetative Growth: This period is characterized by exponential increases in plant height, leaf area, and biomass accumulation. The demand for nitrogen and potassium reaches its peak as the plant builds its photosynthetic capacity and prepares for reproductive development. Adequate nitrogen supply during this phase is critical for determining the potential size of the ear and the number of kernels (Pico et al., 2021).
2.3.2.7 Ear Initiation: The potential number of kernel rows and kernels per row is determined during this critical period. Stress, particularly from water or nutrient deficiencies (especially nitrogen), can significantly impact yield potential (Gonzalez-Dugo et al., 2010).
2.3.2.8 Tasseling and Silking: These are the key reproductive stages involving pollen shed and silk emergence, leading to fertilization. Adequate nitrogen and potassium are essential for successful pollination and kernel set. Water stress during this period can severely reduce yield (Alqudah et al., 2011).
2.3.2.9 Grain Fill: Following successful fertilization, the kernels begin to develop and accumulate dry matter. This phase has a high demand for carbohydrates, which are translocated from the leaves to the developing grains. Potassium plays a vital role in this translocation process, while nitrogen ensures adequate protein content in the grain. Micronutrients also contribute to efficient grain filling (Singh et al., 2010). The overall nutrient uptake pattern in maize typically follows a sigmoid curve, with a relatively slow uptake during early vegetative growth, a rapid increase during the mid-vegetative stages, and a gradual decline towards maturity as nutrients are remobilized to the developing grain (Pioneer). Understanding these dynamics is crucial for timing fertilizer applications to coincide with periods of maximum nutrient demand (Dungait et al., 2012).
[bookmark: _Toc213236220]2.4 Strategic Fertilizer Management for Optimal Maize Growth
Effective fertilization involves not only selecting the appropriate types and amounts of fertilizers but also employing suitable application methods and timing to maximize nutrient use efficiency and minimize losses. Both organic and inorganic fertilizers play distinct yet often complementary roles in maize nutrition (Negassa et al., 2007). The following below are the application and methods to maximize the nutrient use efficiency and minimize losses;
2.4.1 Integrated Nutrient Management (INM): The integration of organic and inorganic fertilizers offers a promising approach to sustainable maize production. INM aims to optimize nutrient use efficiency by leveraging the benefits of both sources. Organic fertilizers improve soil health and provide a slow-release nutrient pool, while inorganic fertilizers offer a readily available nutrient boost during critical growth stages. Research in regions with similar agro-ecological conditions to Sokoto suggests that INM can lead to higher and more stable maize yields while improving soil fertility over the long term (Mohammed and Sani, 2024).
2.4.2 Application Methods and Timing:
2.4.2.1 Basal Application: Applying fertilizers (both organic and inorganic) before or at planting ensures nutrient availability for early growth. Starter fertilizers, rich in phosphorus, are often placed near the seed to promote root development (Rideout and Good0en, 2000).
2.4.2.2 Top Dressing: Applying nitrogen and potassium fertilizers after emergence, often in split applications, aligns nutrient supply with the peak demand during vegetative growth. Timing nitrogen application around the V6-V8 growth stage is often crucial for maximizing yield potential (Holland and Schepers, 2010).
2.4.2.3 Banding: Placing inorganic fertilizers in bands near the seed row can improve nutrient uptake efficiency, especially for less mobile nutrients like phosphorus, reducing soil-fertilizer contact and minimizing fixation (Arifin, 2017). 
2.4.2.4 Foliar Application: Applying micronutrients or supplementary macronutrients directly to the leaves can provide a quick remedy for deficiencies or enhance nutrient uptake at specific growth stages (Nadeem et al., 2018).

[bookmark: _Toc213236221]2.5 Organic Fertilizers
Organic fertilizers, encompassing a diverse array of materials derived from biological sources, represent a holistic approach to soil fertility management and plant nutrition, offering a sustainable alternative and complement to synthetic inputs in agricultural systems worldwide (Scialabba and Hattam, 2002). Their significance extends beyond simply supplying essential nutrients to maize (Zea mays), playing a vital role in the long-term health and productivity of the soil ecosystem, particularly in regions like Sokoto State, Nigeria, where soil degradation and nutrient depletion are major concerns (Umar et al., 2020).
2.5.1 Types of Organic Fertilizers Relevant to Sokoto State
In the context of Sokoto State, understanding the locally available organic resources is paramount. These typically include:
2.5.1.1. Animal Manures: Manure from livestock such as cattle, goats, and poultry, which are commonly raised in the region, constitutes a significant source of organic nutrients. The nutrient composition of manure varies depending on the animal species, age, diet, and handling practices (Bernal et al., 2017). Research in similar semi-arid environments has highlighted the benefits of manure application on soil structure and maize yield (Bationo et al., 2012).
2.5.1.2.  Crop Residues: Maize stover, millet stalks, and other crop residues generated after harvest are often underutilized resources that can be incorporated into the soil to improve organic matter content and nutrient cycling. The management of crop residues, such as through direct incorporation or composting, influences their decomposition rate and nutrient release (Janzen, 2006).
2.5.1.3. Compost: The controlled decomposition of organic materials, including plant waste, animal manure, and household refuse, yields compost, a nutrient-rich soil amendment. Composting can help sanitize organic waste and create a more stable and readily available nutrient source. Farmers in Sokoto may employ traditional composting methods or could benefit from adopting improved techniques (Tejada et al., 2009).
2.5.1.4.  Green Manures and Cover Crops: While perhaps less widely adopted in Sokoto's traditional farming systems, the potential of green manures (crops grown specifically to be incorporated into the soil) and cover crops for improving soil fertility and structure warrants consideration (Snapp et al., 2005).
2.5.2 Mechanisms of Action and Benefits for Maize Growth
The positive effects of organic fertilizers on maize growth are multifaceted:
2.5.2.1 Improved Soil Physical Properties: Organic matter acts as a binding agent, enhancing soil aggregation and creating a more porous structure. This leads to better aeration, which is crucial for root respiration and microbial activity (Haynes, 2005). The improved soil structure also facilitates water infiltration and reduces surface runoff, conserving precious moisture in the semi-arid conditions of Sokoto. The increased water-holding capacity ensures a more consistent supply of water to maize plants during dry spells, a significant advantage in rain-fed agriculture (Lal, 2009).
2.5.2.2 Enhanced Soil Chemical Properties: Organic fertilizers increase the soil's organic carbon content, a key indicator of soil health and fertility. The decomposition of organic matter releases essential macronutrients (nitrogen, phosphorus, potassium) and micronutrients (e.g., zinc, iron, manganese) gradually, reducing the risk of nutrient leaching and providing a sustained supply for maize growth throughout its development (Brady and Weil, 2017). The increase in cation exchange capacity (CEC) due to organic matter addition enhances the soil's ability to retain positively charged nutrients, making them more available to plant roots. Furthermore, organic matter can buffer soil pH, creating a more favorable environment for nutrient availability and microbial activity (Murphy, 2015).
2.5.2.3 Stimulated Soil Biological Activity: Organic fertilizers provide a vital food source for a diverse community of soil microorganisms, including bacteria, fungi, and actinomycetes (van Bruggen and Semenov, 2000). These microbes are essential for the decomposition of organic matter, the mineralization of nutrients into plant-available forms, and the cycling of essential elements (Sylvia et al., 2005). Some soil microbes can also contribute to plant growth promotion through mechanisms such as nitrogen fixation, phosphorus solubilization, and the production of plant growth regulators (Bashan et al., 2014). A healthy soil microbiome can also enhance the resilience of maize plants to soil-borne diseases (Mäder et al., 2002).
2.5.2.4 Sustainable Nutrient Supply for Maize: Unlike the rapid nutrient release from many inorganic fertilizers, organic fertilizers release nutrients more slowly, synchronizing better with the gradual nutrient uptake patterns of maize. This sustained release reduces the risk of nutrient losses through leaching or runoff, improving nutrient use efficiency and minimizing potential environmental impacts. For maize production in Sokoto, this can lead to more stable yields over time and a reduced reliance on potentially expensive and environmentally concerning synthetic fertilizers (ME Trenkel, 2021). 
2.5.3 Considerations for Organic Fertilizer Use in Sokoto
While the benefits of organic fertilizers are numerous, several factors need consideration for their effective use in Sokoto State:
2.5.3.1 Nutrient Content Variability: The nutrient content of locally available organic materials can be highly variable depending on the source, handling, and maturity stage (Bernal et al., 2017). Farmers need access to information and potentially simple testing methods to estimate the nutrient content of their organic fertilizers to apply them effectively.
2.5.3.2 Bulkiness and Handling: Organic fertilizers are often bulky, requiring significant labor for transportation and application, which can be a constraint for smallholder farmers in Sokoto with limited resources (Tilahun et al., 2007).
2.5.3.3 Nutrient Release Rate: The slower nutrient release rate of organic fertilizers might not always meet the immediate high nutrient demands of rapidly growing maize, especially during critical growth stages. This necessitates a strategic approach, potentially combining organic and inorganic sources (Batty and Dolan, 2013).
[bookmark: _Toc213236222]2.6 Inorganic Fertilizers
Inorganic fertilizers, also known as synthetic or chemical fertilizers, are manufactured substances containing specific concentrations of essential plant nutrients in readily available forms (Havlin et al., 2014). These fertilizers have played a pivotal role in increasing agricultural productivity globally, including maize (Zea mays) production in Nigeria and potentially Sokoto State, by providing a concentrated and often rapid supply of nutrients crucial for plant growth and development (Tilman et al., 2002).
2.6.1 Types of Inorganic Fertilizers Commonly Used in Maize Production
A range of inorganic fertilizers are utilized to supply the primary macronutrients required by maize:
i. Nitrogenous Fertilizers: These fertilizers, such as urea (46% N), ammonium sulfate (21% N), and ammonium nitrate (33.5% N), are critical for promoting vegetative growth, increasing leaf area, and enhancing chlorophyll production, all of which are vital for photosynthesis and ultimately grain yield in maize (Marschner, 2012). Nitrogen is often the most limiting nutrient in many agricultural soils, including those in the Sudan Savanna (Jones and Ahmed, 2015).
ii. Phosphatic Fertilizers: Single superphosphate (SSP, ~7-9% P) and triple superphosphate (TSP, ~20-22% P) are key sources of phosphorus, an essential nutrient for root development, early seedling growth, flowering, and grain formation in maize (Brady & Weil, 2017). Phosphorus availability can be particularly low in some tropical soils due to fixation by iron and aluminum oxides (Fink et al., 2016)
iii. Potassic Fertilizers: Muriate of potash (MOP or KCl, ~50% K) and sulfate of potash (SOP, ~48% K) supply potassium, which plays a crucial role in water regulation, disease resistance, stalk strength, and carbohydrate translocation in maize plants (Mengel and Kirkby, 2001).
iv. Compound Fertilizers (NPK Blends): These fertilizers contain a combination of nitrogen, phosphorus, and potassium in varying ratios (e.g., 15-15-15, 20-10-10) and are formulated to provide a balanced supply of these primary macronutrients based on general crop requirements or soil test recommendations (Havlin et al., 2014). 
v. Micronutrient Fertilizers: While macronutrients are required in larger quantities, maize also needs micronutrients such as zinc (Zn), iron (Fe), manganese (Mn), copper (Cu), boron (B), and molybdenum (Mo) for various physiological processes. Deficiencies in these can limit maize growth even when macronutrients are adequately supplied. Micronutrient fertilizers are applied either to the soil or as foliar sprays when deficiencies are identified (Alloway, 2008).
2.6.2 Mechanisms of Action and Effects on Maize Growth:
Inorganic fertilizers exert their effects on maize growth primarily through the direct provision of readily available nutrients:
2.6.2.1 Rapid Nutrient Availability: Unlike organic fertilizers, which require microbial decomposition to release nutrients, inorganic fertilizers dissolve in the soil solution, making nutrients immediately accessible for uptake by maize roots (Marschner, 2012). This rapid availability can lead to quick vegetative growth and a fast accumulation of biomass, particularly in response to nitrogen application (Tilman et al., 2002).
2.6.2.2 Targeted Nutrient Supply: Inorganic fertilizers allow for the precise application of specific nutrients based on the identified needs of the maize crop and soil test results. This targeted approach can optimize nutrient use efficiency and potentially reduce the risk of over-application or nutrient imbalances (Havlin et al., 2014).
2.6.2.3 Enhanced Yield Potential: When applied correctly and in balanced amounts, inorganic fertilizers have been instrumental in achieving high maize yields by ensuring that the plants have access to the necessary nutrients during critical growth stages, such as rapid vegetative growth, flowering, and grain filling (Stewart et al., 2005).
2.6.3 Considerations and Potential Drawbacks of Inorganic Fertilizer Use in Sokoto State:
While inorganic fertilizers offer significant benefits, their use also entails several considerations, particularly in the context of Sokoto State:
2.6.3.1 Impact on Soil Properties: Continuous and imbalanced use of inorganic fertilizers can negatively affect soil properties.11 For instance, the application of ammonium-based fertilizers can lead to soil acidification over time. High concentrations of soluble salts from some inorganic fertilizers can also increase soil salinity, potentially hindering plant growth, especially in semi-arid regions where water scarcity can exacerbate this issue (Rengasamy, 2006). Furthermore, inorganic fertilizers do not directly contribute to soil organic matter content, which is crucial for soil structure, water retention, and long-term fertility (Lal, 2009).
2.6.3.2 Nutrient Leaching and Volatilization: The high solubility of some inorganic fertilizers can lead to nutrient losses through leaching (especially nitrates) and volatilization (ammonia from urea), reducing nutrient use efficiency and potentially contributing to environmental pollution of groundwater and the atmosphere. These losses can be exacerbated by heavy rainfall events, which, although infrequent, do occur in Sokoto during the rainy season (Abdullahi, 2020).
2.6.3.3 Effect on Soil Biota: High rates of inorganic fertilizer application can sometimes negatively impact the diversity and activity of beneficial soil microorganisms, which are essential for nutrient cycling and soil health (Olowoyo et al., 2020).
2.6.3.4 Cost and Accessibility: The cost of inorganic fertilizers can be a significant constraint for smallholder farmers in Sokoto State, potentially limiting their adoption and the amounts they can apply (Bello and Dimari, 2021).
2.6.3.5 Nutrient Imbalances: Imbalanced application of inorganic fertilizers (e.g., excessive nitrogen without adequate phosphorus or potassium) can lead to nutrient imbalances in the plant, making it more susceptible to pests and diseases and potentially reducing overall yield and quality (Marschner, 2012).
[bookmark: _Toc213236223]2.7 Integrated Soil Fertility Management (ISFM)
Integrated Soil Fertility Management (ISFM) is a holistic approach that combines the use of organic and inorganic fertilizers with other soil management practices to improve soil health, optimize nutrient use efficiency, and enhance crop productivity in a sustainable manner (Vanlauwe et al., 2010). ISFM recognizes the complementary roles of organic and inorganic nutrient sources, as follows;
2.7.1 Synergistic Effects: Combining organic and inorganic fertilizers can lead to synergistic effects. Organic matter can improve the soil's ability to retain and supply nutrients from inorganic fertilizers, reducing losses through leaching or volatilization. The slow release of nutrients from organic sources can complement the rapid availability from inorganic fertilizers, ensuring a more balanced nutrient supply throughout the growing season (Timsina, 2018).
2.7.2 Improved Nutrient Use Efficiency: ISFM practices, such as the application of organic amendments along with inorganic fertilizers, can enhance nutrient uptake by plants, leading to higher nutrient use efficiency and reduced environmental impact (Nziguheba et al., 2002).
2.7.3 Long-Term Sustainability: By improving soil health and nutrient cycling, ISFM contributes to the long-term sustainability of agricultural systems, maintaining soil productivity for future generations (Sanchez, 2019).
[bookmark: _Toc213236224]2.8 Previous Studies on Maize Fertilization
Numerous studies have investigated the effects of organic and inorganic fertilizers on maize growth and yield in various regions.
Research in Nigeria has explored the impact of different organic materials such as poultry manure (Adetunji et al., 2007), cow dung (Muoneke et al., 2008), and compost (Agele et al., 2011) on maize growth and yield. These studies generally report positive effects of organic amendments on soil properties and maize performance. Investigations into inorganic fertilizer use in Nigeria have also shown significant yield increases with balanced NPK application (Ogunlela and Adediran, 2000). Several studies in Nigeria and elsewhere have examined the benefits of combining organic and inorganic fertilizers in maize production. For example, a study by Chude et al. (2003) in northern Nigeria found that the integrated application of manure and inorganic fertilizers resulted in higher maize yields and improved soil fertility compared to sole applications. Similarly, research in other African countries has highlighted the positive interactions between organic inputs and mineral fertilizers in enhancing maize productivity (Vanlauwe et al., 2002).
[bookmark: _Toc213236225]2.9 Gaps in Knowledge and the Focus of This Study
Based on the literature reviewed, it is evident that both organic and inorganic fertilizers play significant roles in maize production. The benefits of integrated soil fertility management are also well-documented. However, there may be gaps in the specific understanding of:
i. The optimal rates and combinations of readily available organic resources in Nigeria (e.g., specific types of manure, composted materials) with commonly used inorganic fertilizers for maize production in the region.
ii. The comparative efficiency of different organic and inorganic fertilizer regimes on specific growth parameters of maize under Sokoto unique environmental conditions.
The interactive effects of these fertilizer combinations on soil properties and nutrient uptake by maize in the local context.
[bookmark: _Toc213236226]

CHAPTER THREE
[bookmark: _Toc213236227]3.0			                  MATERIALS AND METHODS
[bookmark: _Toc213236228]3.1 Study Area
The experiment was conducted at Usmanu Danfodiyo University Sokoto (UDUS) located in Sokoto State, Nigeria. Sokoto State lies within the Sudan Savanna agro-ecological zone of Nigeria, characterized by a unimodal rainfall with a short wet season from June to September Gabasawa, (2021) and high temperatures throughout the year with a marked dry season and relatively low humidity during that period (Ogunwole et al., 2019). The dominant soil type at the experimental site is sandy loam soil with low organic matter content and slightly alkaline pH based on preliminary assessment/existing data (Jones and Ahmed, 2015). This location was selected due to its accessibility, representative soil and climatic conditions for maize cultivation in the region, and availability of necessary resources and land.
[bookmark: _Toc213236231]3.2 Maize seeds Collection and Experimental set-up
The maize seeds that were used during this experiment were obtained from Sokoto main Market. Fifteen (15) seeds of maize were used for the experiment which were planted inside 9 polythene bags filled with soil sample which was collected from the Department of Plant Sciences, Usmanu Danfodiyo University Sokoto. Each bag containing 3 seed which make them 27, the bags were then divided into three, three of which organic fertilizer was used, while three for inorganic fertilizer, while the last three were kept as control according to the method described by Series, (2014).
[bookmark: _Toc213236232]3.3 Maintenance of the plants 
The samples were kept for five weeks and they were watered every day during the period of the experiment, while the fertilizers were applied every week and the growths of the plant was measured weekly interval, with a measuring ruler to determine the growth parameters. The quantity of  NPK fertilizer used was half teaspoon which was equivalent to 3grams per each bag for inorganic fertilizer while for organic one table spoon which was equivalent to 15 grams was used  as described by Series (2014). 
Inorganic fertilizer three polythene bags were used each containing up to a half of loamy soil collected from the Departmental garden, and each containing one seed of maize, the bags were watered for a day to become moist before planting, after a day the seeds were then planted. Fertilizer was applied one week after planting and the measurement of the growth parameters was taken at weekly interval as described by Pavlou et al. (2007).
NPK fertilizer was used and the amount of fertilizer used was half of tea spoon which is equivalent to 3 grams. Organic fertilizer (Cow dung) was used as organic fertilizer which was measured as one table spoon for each bag, which was equivalent to 10 grams. It was applied after the seed began germinating, the growth of the plant was measured at the interval of one week (Sawan et al., 2009).
Three bags were kept as control they neither contain any of the fertilizers organic or inorganic. They were watered regularly and the growth was measured at the interval of one week.
[bookmark: _Toc213236233]3.4 Biomass Determination
The determination of biomass was done to evaluate the total biological yield of maize plants under the different fertilizer treatments. Biomass was assessed in two stages — wet biomass and dry biomass   as indicators of plant productivity and fertilizer effectiveness.
[bookmark: _Toc213236234]3.4.1 Wet Biomass Determination
At the end of the growth period, maize plants were carefully uprooted from each treatment plot. The roots were gently washed to remove adhering soil particles. The fresh plants were then blotted with tissue paper to remove surface moisture. The entire above-ground portion of each maize plant was weighed immediately using an electronic weighing balance to obtain the wet biomass, expressed in grams (g). This procedure followed the method described by Iqbal et al. (2022), where fresh weight reflects the total moisture content and immediate physiological condition of the plant. The wet biomass values recorded were 21.37 g for NPK, 130.60 g for cow dung, and 59.57 g for normal soil, respectively. The highest value obtained from the cow dung treatment indicated better nutrient absorption and water retention in plants grown under organic conditions.
[bookmark: _Toc213236235]3.4.2 Dry Biomass Determination
The same plant samples used for wet biomass determination were subsequently oven-dried at 70°C for 72 hours until a constant weight was achieved. The dry weight of each sample was measured using the same electronic weighing balance, and the results were recorded as dry biomass. The dry biomass represented the total amount of accumulated organic matter excluding moisture. The recorded dry biomass values were 3.54 g for NPK, 27.15 g for cow dung, and 12.76 g for normal soil. The significantly higher dry biomass in the cow dung treatment demonstrated the superior efficiency of organic fertilizer in promoting photosynthetic activity and carbon accumulation in maize tissues. This observation was consistent with the findings of Gil-Martínez et al. (2025) and Rostaei et al. (2024), who reported that organic manures improved dry matter production due to sustained nutrient release and enhanced soil microbial activity.
[bookmark: _Toc213236236]3.4 Data Analysis
The data collected from the experiment were analyzed using descriptive statistical methods, including mean (± standard deviation) to represent the variation among replicates. The parameters analyzed included the number of leaves, stem length (cm), leaf width (cm), and biomass (wet and dry weights). 
[bookmark: _Toc213236237]

CHAPTER FOUR
[bookmark: _Toc213236238]4.0 					     RESULTS
[bookmark: _Toc213236239]4.1 Effect of Organic and Inorganic Fertilizers on the Number of Leaves of Maize
At the early stage (week 1–2), all treatments produced a similar number of leaves, showing no significant difference. However, from week 3 onward, the maize plants treated with cow dung (organic fertilizer) began to show a noticeable increase in leaf number.
By week 6, the organic treatment recorded the highest mean number of leaves (12 ± 0.30), while the control and NPK plots produced fewer leaves (7 ± 0.20 and 6 ± 0.15 respectively).
This trend demonstrates that organic fertilizer promotes better vegetative growth in maize than inorganic fertilizer or unfertilized soil.


[bookmark: _Toc213236240]Table 1: Effect of Organic and Inorganic Fertilizers on the Number of Leaves of Maize
	Treatment
	Week 1
	Week 2
	Week 3
	Week 4
	Week 5
	Week 6

	NPK (Inorganic)
	4.00 ± 0.00ᵃ
	6.00 ± 0.00ᵃ
	5.00 ± 0.00ᵇ
	6.00 ± 0.10ᵇ
	6.00 ± 0.20ᵇ
	6.00 ± 0.15ᶜ

	Cow dung (Organic)
	4.00 ± 0.00ᵃ
	6.00 ± 0.00ᵃ
	6.00 ± 0.05ᵃ
	7.00 ± 0.10ᵃ
	10.00 ± 0.25ᵃ
	12.00 ± 0.30ᵃ

	Control (Normal Soil)
	4.00 ± 0.00ᵃ
	5.00 ± 0.10ᵇ
	5.00 ± 0.00ᵇ
	6.00 ± 0.05ᵇ
	6.00 ± 0.10ᵇ
	7.00 ± 0.20ᵇ




[bookmark: _Toc213236241]4.2 Effect of Organic and Inorganic Fertilizers on the Stem Length (cm) of Maize
Stem length increased progressively across all treatments as the maize plants matured. However, the organic fertilizer treatment produced the tallest plants, with stem length reaching 40.10 ± 0.40 cm by week 6. In contrast, plants under NPK fertilizer recorded only 15.50 ± 0.30 cm, while the control measured 24.30 ± 0.35 cm in the same week. The remarkable stem elongation under cow dung treatment suggests that organic fertilizers provide a more sustained nutrient release, improving soil structure and water retention, thereby enhancing plant height development. 
[image: ]
Figure 1: Effect of Organic and Inorganic Fertilizers on the stem length (cm) of Maize


[bookmark: _Toc213236242]4.3 Effect of Organic and Inorganic Fertilizers on the Leaf Width (cm) of Maize
Leaf width followed a similar pattern as stem length, where plants grown with organic fertilizer (cow dung) developed significantly broader leaves across all growth stages.
At week 6, maize plants under organic treatment had the widest leaves (5.20 ± 0.20 cm), followed by control (3.90 ± 0.25 cm) and NPK (2.50 ± 0.10 cm). This shows that organic manure enriched the soil better, promoting larger photosynthetic surfaces essential for higher productivity and plant vigor. [image: ]Figure 2: Effect of Organic and Inorganic Fertilizers on the Leaf Width (cm) of Maize

[bookmark: _Toc213236243]

.4 Effect of Organic and Inorganic Fertilizers on the Biomass of Maize
The results in Table 2 show that the organic fertilizer (cow dung) significantly enhanced both the wet and dry biomass of maize plants compared to inorganic (NPK) and control treatments. Plants treated with cow dung recorded the highest wet biomass (130.60 ± 0.50 g) and dry biomass (27.15 ± 0.20 g), indicating vigorous growth and superior accumulation of plant matter. The control (normal soil) produced moderate biomass values (wet: 59.57 ± 0.35 g; dry: 12.76 ± 0.15 g), while the NPK treatment yielded the lowest (wet: 21.37 ± 0.25 g; dry: 3.54 ± 0.10 g).


[bookmark: _Toc213236244]Table 2: Effect of Organic and Inorganic Fertilizers on the Biomass of Maize
	Treatment
	Wet Biomass (g)
	Dry Biomass (g)

	NPK (Inorganic)
	21.37 ± 0.25ᶜ
	3.54 ± 0.10ᶜ

	Cow dung (Organic)
	130.60 ± 0.50ᵃ
	27.15 ± 0.20ᵃ

	Control (Normal Soil)
	59.57 ± 0.35ᵇ
	12.76  0.15ᵇ












[bookmark: _Toc213236245]CHAPTER FIVE
[bookmark: _Toc213236246]5.0 DISCUSSION
The results of this study clearly show that cow dung (organic fertilizer) outperformed inorganic NPK and unfertilized control treatments in promoting the growth and biomass accumulation of Zea mays across all evaluated metrics (leaf number, stem length, leaf width, wet and dry biomass). Several interrelated explanations for this outcome are supported by recent literature. Organic manures contribute to increased soil organic matter content, improved soil structure (aggregation, porosity), and enhanced water-holding capacity, which together facilitate better root growth and sustained nutrient uptake as observed by Gil-Martínez et al. (2025) and Rostaei et al. (2024). These improvements create a more favorable environment for maize growth compared to soils receiving only mineral fertilizers.
Cow dung, as an organic amendment, releases nutrients gradually through microbial mineralization, aligning nutrient availability more closely with the plant’s developmental demands. In contrast, soluble NPK fertilizers may supply nutrients rapidly but are also prone to losses (leaching, volatilization), reducing effective efficiency this is inline with Zou et al. (2024) and Jiang et al. (2025). The sustained release from cow dung thus helps maintain continuous vegetative growth (leaf expansion, stem elongation).
Organic amendments stimulate soil microbial biomass, enzyme activities, and functional groups involved in nutrient transformations (e.g., nitrogen mineralization). This increased biological activity helps mobilize and recycle nutrients, making them more available to plants as pointed out by  Iqbal et al. (2022) and  Shao et al. (2024). The improved microbial environment contributes to the greater vigor and biomass observed in the cow dung treatment.
Although NPK provides readily available macronutrients necessary for growth, its benefits may be short-lived unless managed with care (e.g., split application, combined with organic matter). Single or bulk applications can lead to rapid depletion, leaching losses, or imbalances in soil chemistry. This was explain by Jiang et al. (2025) and Zou et al. (2024) why NPK treatment in this study showed moderate gains early but lagged by harvest in biomass. Recent agronomic research increasingly supports integrating organic manures with reduced rates of inorganic fertilizer. Such blending can yield synergistic benefits: high yields, improved soil health, and reduced environmental impact. Trials have shown that substituting 25–50% of mineral fertilizer with organic sources often yields results equal to or superior to full mineral fertilizer regimes as  shown by Iqbal et al. (2022) and Gil-Martínez et al. (2025). For maize production, this balanced approach may be optimal.


[bookmark: _Toc213236247]CONCLUSION
This study investigated the effects of organic and inorganic fertilizers on the growth performance of Zea mays (maize). The results demonstrated that both fertilizer types significantly influenced maize growth traits such as plant height, leaf number, and leaf width. However, plants treated with organic fertilizer (cow dung) showed superior growth and biomass accumulation compared to those treated with inorganic NPK fertilizer or the control (unfertilized soil). The improved performance observed under organic fertilizer treatment can be attributed to the enhancement of soil structure, microbial activity, and nutrient retention capacity, which promote steady nutrient release and better root development. Conversely, while inorganic fertilizers offer rapid nutrient availability, they may not sustain growth over time due to nutrient leaching and soil degradation risks. These findings support the argument that organic fertilizers, or a combination of organic and inorganic sources, can improve maize productivity, enhance soil fertility, and promote environmental sustainability. 


[bookmark: _Toc213236248]RECOMMENDATIONS
Based on the findings of this study, the following recommendations are made:
1. Farmers should be encouraged to use organic fertilizers such as cow dung, compost, and green manure to improve maize yield and maintain soil fertility sustainably. 
2. A combination of organic and inorganic fertilizers should be adopted rather than sole reliance on either source. 
3. Periodic soil analysis should be carried out to determine nutrient levels before and after fertilizer application. 
4. Training programs should be organized to educate farmers on proper composting techniques, application rates, and timing of organic and inorganic fertilizers to maximize crop response and minimize waste.
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[bookmark: _Toc213236249]Table 1: Results on Effect of Organic and Inorganic Fertilizers on the Leaf Width (cm) of Maize
	Treatment
	Week 1
	Week 2
	Week 3
	Week 4
	Week 5
	Week 6

	NPK (Inorganic)
	1.20 ± 0.05ᶜ
	2.00 ± 0.10ᶜ
	2.20 ± 0.10ᶜ
	2.30 ± 0.15ᶜ
	2.40 ± 0.10ᶜ
	2.50 ± 0.10ᶜ

	Cow dung (Organic)
	1.60 ± 0.10ᵃ
	2.50 ± 0.10ᵃ
	3.30 ± 0.15ᵃ
	4.20 ± 0.20ᵃ
	4.90 ± 0.25ᵃ
	5.20 ± 0.20ᵃ

	Control (Normal Soil)
	1.50 ± 0.05ᵇ
	1.70 ± 0.10ᵇ
	1.80 ± 0.10ᵇ
	2.70 ± 0.15ᵇ
	3.20 ± 0.20ᵇ
	3.90 ± 0.25ᵇ
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