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ABSTRACT
This study investigated the Effect of NPK Fertilizer on Seed Germination and Early Seedling Growth of Sorghum bicolor and Triticum aestivum in Sokoto State. The experiment was conducted at the Physiology and Biological Garden, Department of Biological Sciences, Usmanu Danfodiyo University, Sokoto. Seeds of Sorghum bicolor and Triticum aestivum were subjected to four NPK fertilizer treatments (0 g, 2 g, 4 g, and 6 g) using a completely randomized design. Germination percentage, seedling height, number of leaves, and fresh and dry weights were measured over 6 weeks. Data were analyzed using ANOVA and Duncan’s Multiple Range Test at a 5% level of significance. Results revealed that NPK significantly enhanced germination and early seedling growth of both species, with optimal responses observed at 4 g treatment. Higher NPK concentration (6 g) reduced. performance, indicating possible nutrient toxicity and osmotic imbalance. Sorghum bicolor exhibited superior growth compared to Triticum aestivum, suggesting higher adaptability to Sokoto’s semi-arid conditions. The study concludes that moderate NPK levels (4 g) promote efficient growth and recommends integrated nutrient management strategies to sustain productivity while preserving soil health. 
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1.1 Background of the Study
Sorghum (Sorghum bicolor) and wheat (Triticum aestivum) are staple crops critical to food security in Nigeria, especially in the northern region. Wheat, although less widely cultivated due to climatic constraints, remains a vital food crop due to its nutritional and economic value. The performance of these crops, especially during the critical stages of seed germination and early seedling development, significantly determines the ultimate yield and productivity. Their early growth stages are highly influenced by soil fertility and nutrient availability, particularly macronutrients like nitrogen (N), phosphorus (P), and potassium (K). The application of NPK fertilizer has been reported to enhance germination and seedling vigor, although response patterns vary by species and ecological zone (Usman et al., 2021; Olanrewaju et al., 2022). 
Sorghum bicolor (L.) Moench is one of the most important cereal crops in the world and ranks fifth in global cereal production after wheat, rice, maize, and barley (FAO, 2020). It is a resilient and versatile crop that thrives in hot, dry environments where other cereals may fail, making it a staple for millions, especially in semi-arid and arid regions like Northern Nigeria (ICRISAT, 2019; Obilana, 2004). Sorghum serves multiple purposes: it is used for human consumption, livestock feed, and increasingly in biofuel and brewing industries. In Nigeria, particularly in Sokoto State, sorghum is not only culturally significant but also economically vital, forming a major part of the local diet and income source for smallholder farmers (NAERLS, 2022).
Despite sorghum’s adaptability, soil fertility remains a key determinant of its successful cultivation and yield. Many soils in Nigeria, particularly in the Sudano-Sahelian zones, are deficient in key macronutrients such as nitrogen (N), phosphorus (P), and potassium (K), as well as secondary nutrients like magnesium (Mg), all of which are essential for optimal plant growth (Jones et al., 2013). Fertilizers are often applied to compensate for these deficiencies, thereby enhancing seed germination, early seedling development, and overall productivity (Brady and Weil, 2017).
Among commonly used fertilizers are compound formulations such as NPK (Nitrogen, Phosphorus, and Potassium), and single nutrient fertilizers like Ammonium Sulphate [(NH₄)₂SO₄], which is rich in nitrogen and sulfur. NPK fertilizers supply multiple essential nutrients simultaneously—nitrogen contributes to chlorophyll synthesis and enzyme activation, phosphorus aids in energy transfer and root development, while potassium regulates water uptake, enzyme activation, and disease resistance (Marschner, 2012; Yara, 2021). Ammonium sulphate, on the other hand, is a fast-acting nitrogen fertilizer that promotes vegetative growth, enhances chlorophyll content, and increases leaf area index in the early stages of plant development (Havlin et al., 2014; Ayeni, 2011).
Seed germination and early seedling growth are critical phases in the life cycle of a plant and are highly sensitive to both environmental and soil nutrient conditions. These stages determine plant population density, crop stand establishment, and ultimately influence final yield (Bewley et al., 2013; Finch-Savage and Bassel, 2016). Fertilizer application during or immediately after sowing can significantly influence germination percentage, root-shoot ratio, seedling vigor, and stress tolerance (Singh and Shivay, 2003). However, inappropriate fertilizer types, concentrations, or timing can negatively affect seed germination due to osmotic stress or toxicity (Salisbury and Ross, 1992).
In Sokoto State, farmers often apply fertilizers based on traditional knowledge or economic considerations without scientific understanding of their specific effects during different crop growth stages. While both NPK is commonly used, there is insufficient comparative research on the influence on Sorghum bicolor and Triticum aestivum germination and early seedling development under local agro-climatic conditions. This necessitates a systematic investigation to inform better fertilizer management practices.
1.2 Statement of the Research Problem
Agricultural productivity in Sokoto State is significantly constrained by declining soil fertility, unpredictable rainfall, and limited adoption of improved agronomic practices (Usman et al., 2015). Fertilizers remain one of the few technologies accessible to farmers for improving crop performance, but their effectiveness depends on crop type, application method, and soil characteristics (Palm et al., 2001). In the case of sorghum and wheat, which is highly sensitive to nutrient availability during its early developmental stages, the choice and timing of fertilizer application can have profound effects on seedling vigour and yield potential.
Despite the widespread availability of NPK fertilizers, there is limited empirical data on how they influence the early stages of sorghum and wheat development in the Sahelian agro-ecological zone. Consequently, farmers often apply these inputs without adequate knowledge of optimal dosages, resulting in poor seedling establishment, reduced nutrient use efficiency, and sometimes economic losses (Nwite et al., 2013). Moreover, inappropriate fertilizer use can lead to soil acidification, nutrient leaching, and environmental degradation (Zhao et al., 2009).
Poor germination and weak seedling establishment due to low soil fertility are major limitations to sorghum and wheat production in Sokoto. Despite the known benefits of NPK fertilizers, limited research exists on their comparative effect on the early development of these cereals in this ecological zone. 
Without region-specific studies that evaluate fertilizer effects under controlled conditions, extension services lack the evidence needed to make informed recommendations. This gap in knowledge undermines ongoing efforts to improve food security and agricultural sustainability in Northern Nigeria.
[bookmark: _Toc214285870]1.3 Justification of the Study
This research is justified on several fronts. Firstly, it addresses a critical knowledge gap by evaluating the effects of one of the most commonly used fertilizers NPK on the germination and early seedling growth of Sorghum (Sorghum bicolor) and wheat (Triticum aestivum)  under the specific environmental conditions of Sokoto State. The outcome of this study will provide scientific evidence on how this fertilizers influence key developmental parameters such as germination rate, root-shoot length, and seedling vigour.
Secondly, the study aligns with national and regional goals of enhancing cereal crop production as a strategy to combat food insecurity and rural poverty (FMARD, 2021). Improving fertilizer efficiency and optimizing agronomic practices are essential to achieving these goals.
Thirdly, the findings will inform local farmers, agronomists, and policymakers on best fertilizer management practices for sorghum and wheat cultivation. It will also support extension agents in tailoring their recommendations to the needs of farmers in the region, thereby promoting more efficient and sustainable fertilizer use.
Lastly, as climate change continues to alter rainfall patterns and increase soil degradation, there is an urgent need for adaptive research that improves crop resilience. By enhancing early seedling vigour and establishment, this study contributes to building a more robust sorghum and wheat production system capable of withstanding environmental stressors.
Aim and objectives of the study 
Aim:
To investigate the effects of NPK fertilizer on seed germination and early seedling growth of Sorghum bicolor and Triticum aestivum in Sokoto State.

Specific Objectives:
I. To determine the germination percentage and germination rate of Sorghum bicolor and Triticum aestivum seeds treated with NPK fertilizer.
II. To assess the effects of NPK on early seedling growth parameters such as shoot length, root length, and fresh/dry biomass.
III. To identify the more effective fertilizer treatment in promoting early growth performance of Sorghum bicolor and Triticum aestivum under the environmental conditions of Sokoto.
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[bookmark: _Toc214285873]2.1 Botanical Description of Sorghum bicolor
Sorghum (Sorghum bicolor L.) is the fifth most important cereal crop in the world, overcome only by wheat, rice, maize and barley in production. Sorghum shows high production performance in a wide range of adverse edaphoclimatic conditions (Arouna, and Pucci, 2020; Espitia-Hernández et al., 2020; Rashwan, et al., 20201; Chen, 2021). Sorghum has been extensively used as animal feed and human food, mainly in arid and semi-arid areas of Africa, Asia and Latin America (Espitia-Hernández et al., 2020; Kimani et al., 2020; Palacios, et al., 2021; Teferra et al., 2019). It has been used as a staple for millions of people in several countries, mainly in Africa and Asia. Recently, this cereal has gained momentum in developed countries, due to its high nutritional value, health promoting properties, and potential use in the production of gluten-free foods which are especially important for people with celiac disease (Arouna et al., 2020; Espitia-Hernández et al., 2020; Gaytán-Martínez, 2020; Kimani et al., 2020).
Sorghum varieties vary based on genetics, color, and chemical composition (Dykes & Rooney, 2006; Dykes, Hoffmann Jr., Portillo-Rodriguez, Rooney and Rooney, 2014). Sorghum classification based on the presence/absence of a pigmented testa and its association with condensed tannin is widely used as an agronomic trait, resulting in tannin-free and tannin sorghum. This phenotypic characteristic is controlled by B1B2 genes and affected by the spreader gene S. Tannin-free sorghums (type I), without a pigmented testa, have low levels of phenols, and no condensed tannin, whereas tannin-sorghums (types II and III), have a pigmented testa and contain condensed tannin (Palacios et al., 2021; Xiong et al., 2019). Tannin sorghum varieties play important agronomic roles as it is a chemical barrier against pathogens, herbivores, insects, birds (Dykes and Rooney, 2006; Kimani et al., 2020; Palacios et al., 2021). 
Sorghum has been valued as a potential source of dietary fiber (Gaytán-Martínez, 2020; Rashwan et al., 2021) and minerals – magnesium, iron and zinc (Espitia-Hernández et al., 2020; Kimani et al., 2020; Paiva et al., 2017). In addition, sorghum is rich in bioactive compounds, which are responsible for health effects including the prevention of oxidative stress, obesity, dyslipidemia, cardiovascular disease, and hypertension (Gaytán-Martínez, 2020; Lee et al., 2020). These beneficial effects can be associated with the presence of phenolic compounds and biologically active amines. In fact, phenolic compounds have anti-inflammatory, anti-carcinogenic and anti-diabetic properties and can prevent oxidative stress (Espitia-Hernández et al., 2020; Gaytán-Martínez, 2020; Ghimire, Seo, Yu, Kim, and Chung, 2021; Kimani et al., 2020; Luo et al., 2018; Ofosu et al., 2021; Teferra et al., 2019). Anatomically, sorghum displays Kranz anatomy, indicative of C4 photosynthesis, which confers high efficiency in carbon fixation and water-use. This makes it more productive in hot, dry environments compared to C3 crops like wheat (Zhao et al., 2016).
Physiologically, sorghum is capable of closing its stomata rapidly to prevent moisture loss. Its epicuticular wax layer and sunken stomata reduce transpiration, traits that make it ideal for regions experiencing unpredictable rainfall (Yohannes et al., 2020).
Its growth stages span from germination, seedling, tillering, panicle initiation, flowering, and grain filling, with the duration influenced by cultivar and environmental conditions. The crop's adaptability to diverse soils and its photoperiod insensitivity contribute to its broad cultivation across ecological zones (IITA, 2021).
[bookmark: _Toc214285874]2.1.1 Taxonomy
Sorghum bicolor (L.) Moench belongs to the family Poaceae (grass family). It is the most cultivated species within the Sorghum genus due to its adaptability and economic value (Kebede et al., 2012).
· Kingdom: Plantae
· Clade: Angiosperms
· Clade: Monocots
· Order: Poales
· Family: Poaceae
· Genus: Sorghum
· Species: Sorghum bicolor (L.) Moench
Sorghum is divided into several races: bicolor, guinea, durra, kafir, and caudatum, with many intermediate forms. These races have adapted to diverse environments and reflect centuries of farmer selection (Upadhyaya et al., 2016).
[bookmark: _Toc214285875]2.1.2 Morphology
Sorghum bicolor is an erect annual grass that can reach heights between 1.5–4 meters. The stem is solid and may be sweet or dry depending on the variety. Leaves are linear, alternately arranged, and grow up to 100 cm long and 5–10 cm wide (Girma et al., 2015).
The inflorescence is a panicle that may be loose or compact. Grains are caryopses, variable in size and color. The root system is fibrous, supporting its ability to tolerate drought and nutrient-poor soils (Obilana et al., 2013).
[bookmark: _Toc214285876]2.2 Botanical Description of Wheat (Triticum aestivum)
Triticum aestivum, commonly known as bread wheat, is a globally cultivated temperate cereal crop in the Poaceae family. It has an erect growth habit with slender stems that produce multiple tillers. Each tiller supports a spike or ear composed of spikelets, which contain two to five florets capable of producing grains (Shewry & Hey, 2015).
Wheat roots are fibrous and shallower compared to sorghum, making them more sensitive to topsoil fertility. Its leaves are long, narrow, and bluish-green, with parallel venation and a well-developed ligule. Wheat is a C3 plant, thus less efficient in water and nitrogen use under high temperature and low rainfall conditions (Kazan & Lyons, 2016; Zhao et al., 2017).
The crop grows optimally at temperatures between 15–25°C and requires fertile loamy soils with adequate nitrogen and phosphorus. Growth stages include germination, tillering, stem elongation, heading, anthesis, and grain filling. The crop is typically photoperiod-insensitive, allowing for flexible planting across zones.
[bookmark: _Toc214285877]2.2.1 Taxonomically, wheat is classified as:
Kingdom: Plantae
Phylum: Angiosperms
Class: Monocotyledonae
Order: Poales
Family: Poaceae
Genus: Triticum
Species: T. Aestivum
[bookmark: _Toc214285878]2.3 Comparative Morphology and Physiology of Sorghum bicolor and Triticum aestivum
Despite both belonging to the same family (Poaceae), S. Bicolor and T. Aestivum exhibit differences in morphology and physiology. Sorghum has thicker stems, broader leaves, and a more robust root system adapted to dry climates, while wheat has a finer structure suited to cooler and moist environments (Upadhyaya et al., 2016).
Photosynthetically, sorghum employs a C4 pathway, which provides greater water-use and photosynthetic efficiency. Wheat’s C3 metabolism, in contrast, is less efficient under high temperatures but performs well in temperate climates (Yohannes et al., 2020). As a result, sorghum is better suited to marginal lands, while wheat requires more intensive input management.
Root system architecture also differs. Sorghum’s roots penetrate deeper into the soil, accessing subsoil moisture and nutrients, while wheat’s roots concentrate in the topsoil. This makes wheat more responsive to top-dressings and more vulnerable to drought (Ahmed et al., 2020).
Growth habit and phenology are also key differentiators. Sorghum’s long growth cycle and heat tolerance enable extended field duration, whereas wheat matures more rapidly and is sensitive to heat during grain filling. Understanding these differences is critical when comparing their response to fertilizers and field management strategies (Zhao et al., 2017).
[bookmark: _Toc214285879]2.4 Importance of Seed Germination and Early Seedling Growth
The success of any cereal crop depends on rapid and uniform seed germination, followed by vigorous seedling growth. These early stages determine plant establishment, competitiveness, and final yield. Delays or uneven germination can lead to reduced stand density and increased susceptibility to pests and diseases (Aliyu et al., 2019).
Seedling vigor is influenced by intrinsic seed properties, soil temperature, moisture, and nutrient availability. Nutrient-deficient soils, which are common in sub-Saharan Africa, often result in poor germination rates and weak seedlings, especially in cereals like sorghum and wheat (Ibrahim et al., 2021).
Improved germination has been linked to seed priming and appropriate fertilizer application. For instance, early nitrogen supply boosts chlorophyll formation, while phosphorus is essential for energy metabolism during germination (Olaniyan et al., 2021).
In both sorghum and wheat, early seedling performance predicts resilience to drought and weed competition. Early nutrient access supports root elongation and shoot development, leading to faster canopy closure and better resource capture (Ahmed et al., 2020).
Thus, optimizing fertilizer input during early growth is crucial to improving productivity, particularly under rainfed conditions and on marginal soils.
[bookmark: _Toc214285880]2.5 Effect of NPK on Germination and Early Seedling Growth of Cereal Crops
NPK fertilizers play a fundamental role in supporting early cereal growth. Nitrogen supports leaf and protein development, phosphorus is key for root growth and energy transfer, while potassium strengthens cell walls and enhances stress resistance (Olanrewaju et al., 2018).
In wheat, phosphorus application at sowing significantly increases emergence rates and tiller formation. Similarly, in sorghum, balanced NPK application has been shown to enhance both shoot and root biomass at early stages (Aliyu et al., 2019; Ibrahim et al., 2021).
However, the optimal rate of NPK varies by species and environment. Excessive nitrogen can promote lush vegetative growth at the expense of root development and may increase disease vulnerability, especially in wheat (Kazan & Lyons, 2016).
Several studies have emphasized split applications of NPK to improve nutrient use efficiency. For instance, starter doses at planting followed by top dressing improve synchronization with plant demand (Zhao et al., 2017). The timing and method of fertilizer application are also critical to reduce losses due to leaching or volatilization.
Therefore, tailored NPK management is vital to support rapid germination and vigorous seedling growth in both S. Bicolor and T. Aestivum, particularly in regions like Sokoto with challenging edaphic conditions. 
[bookmark: _Toc214285881]2.6 Economic Importance of Sorghum bicolor
Sorghum plays a vital socio-economic role, particularly in developing countries. It is ranked as the fifth most important cereal crop globally after maize, rice, wheat, and barley. In Nigeria, it is a staple in many households and forms a core part of food security strategies, especially in the northern states (FAO, 2021).
The grains are used in the preparation of traditional foods such as tuwo, pap, couscous, and local beverages like burukutu and pito. Its stover is fed to livestock, and the entire plant is used as silage. The by-products from sorghum processing are also utilized in the manufacture of poultry feeds and alcoholic beverages, especially in breweries (Ajeigbe et al., 2021).
Sorghum has gained global recognition for its nutritional attributes. It is gluten-free, rich in phenolic compounds, and has antioxidant, anti-inflammatory, and anti-carcinogenic properties (Zhao et al., 2016). This has made it a desirable grain in health-conscious markets, including among people with celiac disease and diabetes.
In terms of industry, sorghum serves as a feedstock for biofuel production, particularly ethanol. Its high biomass production and fermentable sugars make it suitable for energy generation (Upadhyaya et al., 2016). The crop's economic potential is further demonstrated by its ability to grow on marginal lands, requiring fewer inputs than other cereals.
Furthermore, sorghum cultivation supports rural livelihoods, providing employment to thousands of farmers, transporters, and processors. Its integration into agricultural value chains has fostered economic resilience in vulnerable communities (Ndanitsa et al., 2022).
[bookmark: _Toc214285882]2.6.1 Food and Nutrition
Sorghum is the fifth most important cereal globally and a staple food for over 500 million people, especially in Africa and South Asia (FAOSTAT, 2021). In Nigeria, it is a dietary staple in the northern states where it is used in dishes like tuwo and local beverages such as kunu and burukutu.
Nutritionally, sorghum is rich in carbohydrates (70–75%), protein (10–12%), fiber (2–5%), and essential micronutrients such as iron and zinc (Onyeka et al., 2020). Some varieties also contain antioxidants, contributing to health benefits (Adugna, 2020).
[bookmark: _Toc214285883]2.6.2 Livestock Feed
Sorghum leaves and stalks serve as valuable forage for livestock. Sorghum silage and hay are important in dryland animal production systems due to their high biomass and digestibility (Gashu et al., 2022).
[bookmark: _Toc214285884]2.6.3 Industrial and Bioenergy Applications
Sorghum is increasingly used in the bioethanol industry. Sweet sorghum varieties contain high sugar content in stalks, ideal for fermentation into ethanol (Raji et al., 2016). Sorghum starch is also utilized in the brewing, food, textile, and pharmaceutical industries (Aminu et al., 2020).
[bookmark: _Toc214285885]2.6.4 Environmental and Socioeconomic Role
Due to its drought tolerance, sorghum ensures food security in marginal areas affected by climate variability. It requires fewer inputs and grows well on degraded soils, offering resilience and economic opportunities to smallholder farmers (Yusuf et al., 2020; ICRISAT, 2019).
[bookmark: _Toc214285886]2.7 Environmental Conditions for Sorghum Cultivation 
Sorghum thrives in a wide range of soil types, but it performs best in well-drained loamy soils with moderate fertility. It can tolerate soil pH ranging from 5.5 to 8.5 but prefers slightly acidic to neutral soils (FAO, 2020). The crop is especially adapted to regions with annual rainfall between 300–700 mm, making it ideal for semi-arid environments such as Sokoto State (Usman et al., 2015). Temperature also plays a crucial role in its growth, with optimal germination occurring between 25°C and 35°C. It prefers loamy to sandy soils with a neutral to slightly acidic pH but tolerates saline and alkaline soils better than maize (Olanite et al., 2017). Its deep rooting system enhances its drought resilience (Kombiok et al., 2021).
[bookmark: _Toc214285887]2.8 Seed Germination and Early Seedling Growth 
Seed germination is a physiological process by which a seed emerges from dormancy and begins to grow into a seedling. It involves water absorption, enzyme activation, and mobilization of stored food reserves (Bewley et al., 2013). Early seedling growth refers to the period shortly after germination, characterized by root elongation, shoot emergence, and leaf development. These stages are crucial as they determine the establishment, uniformity, and ultimate yield potential of the crop (Finch-Savage and Bassel, 2016).
Several internal and external factors affect seed germination, including seed viability, moisture availability, temperature, light, and nutrient availability (Salisbury and Ross, 1992). Nutrients, particularly nitrogen, phosphorus, potassium, and magnesium, are key elements that support enzymatic activities, energy transfer, cell division, and chlorophyll formation during this stage (Marschner, 2012).
[bookmark: _Toc214285888]2.9 Status of Sorghum Cultivation in Nigeria
Nigeria is Africa’s largest sorghum producer and ranks among the top producers globally. The crop is primarily cultivated in the savannah regions of the North, including Sokoto, Zamfara, Kano, Bauchi, and Borno states (NAERLS, 2020). These areas possess the agro-climatic conditions favorable for sorghum production, such as long dry seasons and sandy loam soils.
According to IITA (2021), sorghum occupies approximately 4.5 to 5 million hectares in Nigeria, with an estimated annual production exceeding 7 million metric tons. The crop is mostly grown under rainfed conditions by smallholder farmers with limited access to irrigation facilities.
Sorghum farming is deeply rooted in local traditions and is often intercropped with legumes such as cowpea or groundnut to enhance soil fertility and reduce pest incidence. The predominance of traditional farming systems, however, poses challenges in terms of yield optimization and quality control (Ajeigbe et al., 2021).
Despite its widespread cultivation, there exists a yield gap between actual farm-level output and the crop’s genetic potential. This has been attributed to limited adoption of improved varieties, poor agronomic practices, and post-harvest losses (Olanrewaju et al., 2018).
Recent government and private-sector initiatives have focused on enhancing the value chain through improved seed dissemination, access to extension services, and market linkages. Programs like the Agricultural Transformation Agenda and Anchor Borrowers' Program have positively impacted sorghum production (Ndanitsa et al., 2022).
[bookmark: _Toc214285889]2.10 Trends in Sorghum Cultivation in Nigeria
Over the last decade, trends in sorghum cultivation in Nigeria have been influenced by climatic variability, policy interventions, and market dynamics. Between 2015 and 2020, data from the National Bureau of Statistics indicate that production volumes have shown a gradual increase due to interventions in seed supply and fertilizer distribution (NAERLS, 2020).
The introduction of improved drought-resistant varieties, such as SAMSORG series, has contributed to yield stabilization in drought-prone regions. However, inconsistencies in rainfall distribution and emerging pest pressures (e.g., armyworm) have occasionally offset production gains (Upadhyaya et al., 2016).
Furthermore, increased demand for sorghum by the brewing industry and the feed sector has incentivized commercial-scale farming, particularly in regions closer to urban markets. This has led to increased mechanization and investment in sorghum processing infrastructure (Ajeigbe et al., 2021).
Trends also show a gradual shift in cropping systems, with some farmers replacing sorghum with maize or rice due to perceived better market returns and government subsidies. Nevertheless, sorghum remains a staple among subsistence farmers due to its resilience and cultural acceptability (IITA, 2021).
Despite fluctuations, the overall outlook for sorghum production remains positive, provided that issues related to input affordability, climate adaptation, and infrastructure are adequately addressed (Ndanitsa et al., 2022).
[bookmark: _Toc214285890]2.11 Factors for the Declining Areas Under Sorghum Cultivation
Several factors contribute to the declining land area under sorghum cultivation. Key among them is the perception of sorghum as a subsistence crop with lower economic returns compared to maize or rice. This has led many farmers, especially youths, to shift to more lucrative crops (Akinola et al., 2017).
Land degradation and soil fertility decline have also reduced sorghum productivity, discouraging continued cultivation. The lack of sustainable land management practices exacerbates soil erosion and nutrient loss, especially in the northern regions of Nigeria (Ndanitsa et al., 2022).
Another critical factor is the limited access to improved seeds and fertilizers. Most smallholder farmers rely on saved seeds, which have low vigor and susceptibility to pests and diseases. Inadequate extension services further hinder the adoption of best agronomic practices (Olaniyan et al., 2021).
Climate change has led to erratic rainfall, prolonged dry spells, and increased pest incidence, all of which negatively impact sorghum cultivation. Migration due to insecurity and urbanization has also reduced the available labor force and land for farming (Ahmed et al., 2020).
Market constraints, such as lack of storage facilities and price volatility, make sorghum farming unattractive. Addressing these multifaceted challenges requires integrated policies that improve input supply, extension support, climate resilience, and value addition (Ajeigbe et al., 2021).
[bookmark: _Toc214285891]2.12 Importance of Fertilizers in Crop Production 
Fertilizers are materials that supply one or more essential plant nutrients. They are broadly classified into organic and inorganic fertilizers. Inorganic fertilizers such as MPK and ammonium sulphate are widely used for their high nutrient concentration and immediate availability to plants (Brady and Weil, 2017). The application of fertilizers at the early stages of plant growth is critical for promoting root development, seedling vigour, and subsequent crop productivity (Palm et al., 2001).
The efficiency of fertilizer use depends on several factors including soil type, weather conditions, application method, and the physiological stage of the crop. Misuse or overuse can lead to environmental problems such as eutrophication, leaching, and soil acidification (Zhao et al., 2009).
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[bookmark: _Toc214285893]3.0 Materials And Methods
[bookmark: _Toc214285894]3.1 Study Area
The study was conducted at the Physiology Laboratory and the Biological Garden, both located within the Department of Biological Sciences, Usmanu Danfodiyo University Sokoto, Nigeria. Sokoto lies in the Sudan Savannah zone of Northwestern Nigeria, characterized by a semi-arid climate with long dry seasons and short wet seasons. The area experiences average annual rainfall of 500–800 mm, a mean temperature range of 30°C–45°C, and a relative humidity of about 20–50% during the dry season (NIMET, 2022).
The Physiology Laboratory provided a controlled environment for germination studies, while the Biological Garden offered natural growth conditions for evaluating early seedling performance under field-like conditions.
[bookmark: _Toc214285895]3.2 Source of Plant Material and Fertilizers
Healthy seeds of Sorghum bicolor and Triticum aestivum were obtained from the Sokoto State Agricultural Development Project (SADP). The seeds were selected based on uniformity, viability, and absence of mechanical damage.
The fertilizers used are NPK fertilizer (Nitrogen–Phosphorus–Potassium) fertilizer, sourced from an agrochemical store in Sokoto 
[bookmark: _Toc214285896]3.3 Experimental Design
The experiment was laid out using a Completely Randomized Design (CRD) for the laboratory study and a Randomized Complete Block Design (RCBD) for the garden study. Each treatment was replicated three times to ensure statistical reliability.
Treatment Structure:
i. Control (no fertilizer)
ii. NPK (at 50 kg/ha equivalent)
iii. NPK  (at 100 kg/ha equivalent)
iv. NPK (at 150 kg/ha equivalent)
[bookmark: _Toc214285897]3.4 Germination Test Procedure (Lab Study)
The germination test was conducted under laboratory conditions following ISTA guidelines (2016). Seeds were sterilized with 1% sodium hypochlorite to prevent fungal contamination. 25 seeds per treatment were placed in Petri dishes lined with moistened filter paper. Dishes were incubated at 25°C with constant moisture and observed for 7 days.
Germination Percentage (GP) was calculated using the formula:  
Total number of seeds 
Germination Percentage (GP) % = -------------------------------------- X 100 
           Number of germinated seeds 
[bookmark: _Toc214285898]3.5 Seedling Growth Evaluation (Field Study)
Seedlings were raised in the Biological Garden using plastic pots filled with 5 kg of sterilized loamy soil. Seeds were sown at a depth of 2–3 cm. Fertilizers were applied one week after germination (WAG). Watering was done every morning to maintain optimum soil moisture. Growth parameters measured include shoot height (cm), root length (cm), number of leaves, leaf area (cm²), fresh and dry weight (g). At the end of the 4th week, seedlings were harvested and oven-dried at 70°C for 48 hours for dry weight determination.
[bookmark: _Toc214285899]3.6 Soil Analysis
Soil samples were collected from the study site before planting and analyzed for soil pH, texture, Organic matter content, nitrogen, phosphorus, and potassium content. Analysis was conducted in the Soil Science Laboratory, Faculty of Agriculture, UDUS.
[bookmark: _Toc214285900]3.7 Statistical Analysis
Data were subjected to Analysis of Variance (ANOVA) using SPSS Version 25. Treatment means were separated using Duncan’s Multiple Range Test (DMRT) at a 5% significance level (p < 0.05).
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CHAPTER FOUR
[bookmark: _Toc214285902]RESULTS
[bookmark: _Toc214285903]4.1 Effect of NPK Fertilizer on Germination Percentage (%) of Sorghum bicolor and Triticum aestivum
The results indicate that NPK application significantly enhanced germination percentage in both Sorghum bicolor and Triticum aestivum. Germination improved steadily from 0 g to 4 g NPK but declined slightly at 6 g, indicating that moderate fertilizer concentration favors metabolic activity during germination, while excessive salt concentration may hinder water imbibition (Bewley et al., 2013; Finch-Savage and Bassel, 2016).
At the 4 g NPK treatment, the highest final germination percentages were observed for both Sorghum bicolor (96.30 ± 2.61%) and Triticum aestivum (95.00 ± 2.70%), while the lowest germination was observed in the control (85.50 ± 3.30% for sorghum and 82.60 ± 3.00% for wheat). This indicates that moderate NPK fertilization significantly enhanced seed germination rate and uniformity (p < 0.05). The slight decline in germination at 6 g NPK likely results from osmotic stress and excess salt accumulation around the seed, hindering water imbibition (Marschner, 2012). 
Overall, Sorghum bicolor exhibited slightly higher germination percentages than Triticum aestivum, reflecting its natural adaptation to low-nutrient and semi-arid environments typical of Sokoto State (ICRISAT, 2019; IITA, 2021)

[bookmark: _Toc214285904]Table 4.1: Effect of NPK Fertilizer on Germination Percentage (%) of Sorghum bicolor and Triticum aestivum
	Treatment
	1 DAS
	2 DAS
	3 DAS
	4 DAS
	5 DAS
	Final Germination (%)

	Sorghum (0 g)
	45.60 ± 2.51c
	63.30 ± 2.88c
	75.20 ± 3.00c
	80.10 ± 2.96c
	84.00 ± 3.11c
	85.50 ± 3.30c

	Sorghum (2 g)
	55.40 ± 2.88b
	72.80 ± 3.00b
	86.60 ± 2.94b
	91.20 ± 3.00b
	94.00 ± 2.88b
	95.30 ± 3.00b

	Sorghum (4 g)
	62.30 ± 2.92a
	79.60 ± 3.05a
	92.70 ± 3.22a
	95.60 ± 2.85a
	96.10 ± 2.70a
	96.30 ± 2.61a

	Sorghum (6 g)
	48.10 ± 2.64bc
	68.50 ± 2.90bc
	80.20 ± 2.88bc
	84.40 ± 3.05bc
	85.00 ± 2.95bc
	85.70 ± 2.85bc

	Wheat (0 g)
	43.20 ± 2.45c
	59.80 ± 2.85c
	73.10 ± 3.00c
	77.30 ± 2.90c
	80.00 ± 3.10c
	82.60 ± 3.00c

	Wheat (2 g)
	51.40 ± 2.80b
	68.70 ± 3.10b
	84.00 ± 3.12b
	89.40 ± 3.00b
	92.30 ± 2.70b
	93.80 ± 2.88b

	Wheat (4 g)
	59.70 ± 2.95a
	75.80 ± 3.22a
	89.30 ± 3.15a
	93.00 ± 2.80a
	94.70 ± 2.60a
	95.00 ± 2.70a

	Wheat (6 g)
	47.60 ± 2.70bc
	64.10 ± 2.90bc
	78.20 ± 3.00bc
	82.00 ± 2.85bc
	83.40 ± 2.75bc
	84.20 ± 2.80bc


Keys:DAS means Days after sowing. Values that do not share same superscript were significantly different (p≤0.05) 
[bookmark: _Toc214285905]4.2 Effects of NPK Fertilizer on Early Seedling Growth Parameters
Plant height increased steadily across the six-week growth period in both crops. The highest seedling heights were observed under 4 g NPK treatment, reaching 52.30 ± 4.50 cm in sorghum and 41.60 ± 3.60 cm in wheat at 6 weeks after planting (WAP). The control plants exhibited the shortest heights (29.00 ± 3.25 cm and 27.00 ± 3.00 cm, respectively).
This trend indicates that NPK fertilizer significantly promoted vegetative growth, particularly between 2–5 WAP, which corresponds to the period of rapid stem elongation. At higher fertilizer concentration (6 g), a slight reduction in height was observed, implying that nutrient imbalance or excess salt concentration might have inhibited root function or reduced water absorption (Marschner, 2012). 
Furthermore, Sorghum bicolor showed higher overall height values than Triticum aestivum, suggesting that sorghum utilizes soil nutrients more efficiently and possesses greater physiological plasticity under semi-arid conditions (Upadhyaya et al., 2016). 






[bookmark: _Toc214285906]Table 4. 2: Effect of NPK Fertilizer on Seedling Height (cm) of Sorghum bicolor and Triticum aestivum
	Treatment
	1WAP
	2WAP
	3WAP
	4WAP
	5WAP
	6WAP

	Sorghum (0 g)
	11.40 ± 1.35c
	17.23 ± 2.40c
	21.50 ± 3.12c
	25.40 ± 2.61c
	27.10 ± 3.11c
	29.00 ± 3.25c

	Sorghum (2 g)
	13.60 ± 1.54b
	21.40 ± 2.89b
	27.30 ± 2.96b
	33.20 ± 2.88b
	38.10 ± 3.22b
	42.80 ± 3.55b

	Sorghum (4 g)
	15.70 ± 1.60a
	25.90 ± 3.05a
	33.40 ± 3.54a
	41.50 ± 3.60a
	47.20 ± 4.12a
	52.30 ± 4.50a

	Sorghum (6 g)
	12.00 ± 1.24bc
	18.40 ± 2.15bc
	23.50 ± 2.88bc
	29.00 ± 3.00bc
	31.40 ± 3.10bc
	33.10 ± 3.25bc

	Wheat (0 g)
	9.80 ± 1.12c
	13.50 ± 1.78c
	18.40 ± 2.23c
	22.00 ± 2.34c
	25.20 ± 2.89c
	27.00 ± 3.00c

	Wheat (2 g)
	11.90 ± 1.35b
	17.10 ± 1.96b
	22.80 ± 2.54b
	27.30 ± 2.72b
	30.80 ± 3.12b
	33.20 ± 3.36b

	Wheat (4 g)
	13.50 ± 1.50a
	21.60 ± 2.30a
	29.10 ± 2.92a
	33.80 ± 3.00a
	37.90 ± 3.40a
	41.60 ± 3.60a

	Wheat (6 g)
	10.80 ± 1.28bc
	14.80 ± 1.90bc
	19.40 ± 2.42bc
	24.10 ± 2.65bc
	27.50 ± 2.88bc
	29.80 ± 3.00bc


Keys:WAP means Weeks after Planting. Values that do not share same superscript were significantly different (p≤0.05)
[bookmark: _Toc214285907]4.3 Effects on Number of Leaves
Leaf number serves as a vital indicator of plant vigor and photosynthetic potential. In this study, both Sorghum bicolor and Triticum aestivum exhibited significant increases in leaf number with increasing NPK levels up to 4 g. At  WAP, sorghum recorded 11.67 ± 0.58 leaves, while wheat produced 11.00 ± 0.58 leaves at the same treatment. However, a reduction in leaf number at 6 g was observed for both species, suggesting nutrient imbalance or ionic stress that may have reduced meristematic activity (Ojo et al., 2021).
Comparatively, sorghum produced more leaves than wheat at every growth stage, reaffirming its higher nutrient-use efficiency and adaptation to nutrient-poor soils (ICRISAT, 2019; FAO, 2021).












[bookmark: _Toc214285908]Table 4.3: Effect of NPK Fertilizer on Number of Leaves of Sorghum bicolor and Triticum aestivum
	Treatment
	1WAP
	2WAP
	3WAP
	4WAP
	5WAP
	6WAP

	Sorghum (0 g)
	3.00 ± 0.58b
	4.33 ± 0.58b
	6.33 ± 0.58b
	7.00 ± 1.00b
	8.00 ± 1.00b
	9.00 ± 1.00b

	Sorghum (2 g)
	4.00 ± 0.58a
	5.67 ± 0.58a
	7.67 ± 0.58a
	8.33 ± 0.58a
	9.33 ± 0.58a
	10.33 ± 0.58a

	Sorghum (4 g)
	4.67 ± 0.58a
	6.67 ± 0.58a
	8.67 ± 0.58a
	9.67 ± 0.58a
	10.67 ± 0.58a
	11.67 ± 0.58a

	Sorghum (6 g)
	3.33 ± 0.58b
	4.67 ± 0.58b
	6.67 ± 0.58b
	7.33 ± 0.58b
	8.33 ± 0.58b
	9.33 ± 0.58b

	Wheat (0 g)
	2.67 ± 0.58b
	4.00 ± 0.58b
	5.67 ± 0.58b
	6.67 ± 0.58b
	7.00 ± 0.58b
	8.00 ± 0.58b

	Wheat (2 g)
	3.67 ± 0.58a
	5.33 ± 0.58a
	6.67 ± 0.58a
	8.00 ± 0.58a
	9.00 ± 0.58a
	9.67 ± 0.58a

	Wheat (4 g)
	4.33 ± 0.58a
	6.33 ± 0.58a
	8.00 ± 0.58a
	9.33 ± 0.58a
	10.00 ± 0.58a
	11.00 ± 0.58a

	Wheat (6 g)
	3.00 ± 0.58b
	4.33 ± 0.58b
	6.00 ± 0.58b
	7.00 ± 0.58b
	7.67 ± 0.58b
	8.67 ± 0.58b


Keys: Values that do not have same superscript were significantly different (p≤0.05)
[bookmark: _Toc214285909]4.4 Effect of NPK Fertilizer on Fresh and Dry Weight
Fresh and dry biomass accumulation followed a pattern similar to that of plant height and leaf number. The highest fresh and dry weights were observed at 4 g NPK, where Sorghum bicolor recorded 13.80 ± 1.32 g (fresh) and 6.90 ± 0.60 g (dry), while Triticum aestivum had 12.60 ± 1.25 g (fresh) and 6.20 ± 0.60 g (dry). 
Conversely, at the 6 g treatment, both fresh and dry weights declined, possibly due to osmotic inhibition and salt accumulation in the root zone (Zhao et al., 2017). The trend agrees with Usman et al. (2021), who found that moderate NPK application increases shoot biomass and yield, but excessive levels cause metabolic stress and reduced tissue hydration.
Sorghum bicolor consistently recorded higher biomass values than Triticum aestivum, implying that sorghum is more efficient at nutrient assimilation and water utilization under the semi-arid conditions of Sokoto State (Ajeigbe et al., 2021; IITA, 2021).









[bookmark: _Toc214285910]Table 4.4: Effect of NPK Fertilizer on Fresh and Dry Weight (g) of Sorghum bicolor and Triticum aestivum
	Treatment
	Fresh Weight (g)
	Dry Weight (g)

	[bookmark: _GoBack]Sorghum (0 g)
	8.22 ± 1.01c
	3.65 ± 0.42c

	ssssSorghum (2 g)
	11.40 ± 1.20b
	5.45 ± 0.55b

	Sorghum (4 g)
	13.80 ± 1.32a
	6.90 ± 0.60a

	Sorghum (6 g)
	9.70 ± 1.15bc
	4.12 ± 0.52bc

	Wheat (0 g)
	7.80 ± 0.90c
	3.20 ± 0.35c

	Wheat (2 g)
	10.10 ± 1.10a
	4.80 ± 0.50b

	Wheat (4 g)
	12.60 ± 1.25a
	6.20 ± 0.60a

	Wheat (6 g)
	8.80 ± 1.00bc
	3.90 ± 0.45bc


Keys: Values that do not have same superscript were significantly different (p≤0.05)




[bookmark: _Toc214285911]CHAPTER FIVE
[bookmark: _Toc214285912]5.1 Discussion
The results of this study demonstrated that the application of NPK fertilizer significantly influenced seed germination and early seedling growth of Sorghum bicolor (sorghum) and Triticum aestivum (wheat). Across all measured parameters—germination percentage, seedling height, number of leaves, and biomass accumulation—plants treated with moderate concentrations (particularly 4 g of NPK) exhibited superior performance compared to the control and higher fertilizer levels. These results are in agreement with earlier studies that reported improved physiological performance of cereals under optimal fertilizer regimes (Adetunji et al., 2019; Ojo et al., 2021).
From Table 1, germination percentage increased with NPK concentration up to 4 g, after which a decline was observed at 6 g treatment. This pattern suggests that while NPK enhances germination by improving nutrient availability for embryo activation, excessive doses may increase soil osmotic pressure, thus impairing water uptake necessary for seed imbibition (Marschner, 2012). The findings corroborate those of Ayeni (2011) and Sabo et al. (2020), who found that moderate fertilizer applications enhance seed germination through improved nutrient bioavailability. Conversely, excessive fertilization may lead to ion toxicity and reduce germination efficiency (Nduka et al., 2020). Notably, Sorghum bicolor responded slightly better than Triticum aestivum under similar conditions, reflecting species-specific tolerance to nutrient concentration and soil chemistry (Aliyu et al., 2018).
As indicated in Table 2, seedling height of both Sorghum bicolor and Triticum aestivum increased significantly with NPK levels up to 4 g, with Sorghum bicolor attaining a maximum mean height of 52.30 cm at 6 WAP. This result confirms that nitrogen and phosphorus from NPK play vital roles in cell division, elongation, and chlorophyll synthesis (Brady and Weil, 2017). The reduced height observed at 6 g could be attributed to excessive nitrogen, which promotes vegetative growth at the expense of root balance and increases susceptibility to nutrient stress (Ojo et al., 2021). These findings align with Usman et al. (2021), who reported that optimal NPK levels enhance plant vigor, whereas overfertilization disrupts metabolic homeostasis. Similar trends were reported in wheat by Singh and Sharma (2020), who found that NPK significantly enhanced tiller formation and internode elongation under moderate doses.
The number of leaves (Table 3) followed a similar trend, increasing progressively up to 4 g NPK treatment. This increase in leaf production reflects improved nitrogen supply, essential for chlorophyll and protein synthesis (Ayoola et al., 2018). The reduction at 6 g treatment may be due to osmotic inhibition and nutrient imbalance, consistent with the findings of Ukaegbu and Obasi (2019). The higher leaf count in Sorghum bicolor compared to Triticum aestivum could also suggest greater adaptability to nutrient fluctuation in tropical soils. Furthermore, as observed by Oyeleke et al. (2022), optimal NPK levels enhance leaf area expansion and stomatal conductance, facilitating efficient photosynthetic carbon assimilation.
The fresh and dry weights (Table 4) increased significantly at 2 g and peaked at 4 g of NPK, declining thereafter at 6 g. This pattern indicates that moderate NPK application optimizes carbohydrate synthesis and translocation to biomass accumulation (Oladejo et al., 2019). The decline at 6 g may result from high soil salt concentration leading to reduced nutrient uptake efficiency (Marschner, 2012). The results are consistent with those of Ibrahim et al. (2021), who reported that excessive NPK application can impair dry matter partitioning due to oxidative stress and metabolic imbalance. Additionally, the better biomass performance in Sorghum bicolor compared to Triticum aestivum may reflect its higher nutrient-use efficiency under semi-arid conditions typical of Sokoto State (Ahmed et al., 2020).
Overall, Sorghum bicolor performed better than Triticum aestivum under the same experimental conditions. This aligns with the report of Bello et al. (2022), who found that sorghum exhibits stronger physiological adaptation to nutrient variability and high soil temperature than wheat. The result indicates that under the environmental conditions of Sokoto State, sorghum may utilize NPK nutrients more effectively, while wheat’s performance could be enhanced through integrated soil fertility management strategies combining organic and inorganic sources (Sharma et al., 2021).
[bookmark: _Toc214285913]5.2 Conclusion
The study concludes that the application of NPK fertilizer significantly enhances seed germination and early seedling growth of Sorghum bicolor and Triticum aestivum, with optimal performance observed at 4 g NPK concentration. Beyond this threshold, growth parameters decline due to nutrient toxicity and osmotic stress. Among the two cereals, Sorghum bicolor exhibited greater growth efficiency and tolerance to higher fertilizer concentration, suggesting its higher adaptability to the semi-arid soils of Sokoto State. Therefore, moderate fertilization regimes should be adopted to optimize growth performance while maintaining soil health and environmental sustainability.
[bookmark: _Toc214285914]5.3 Recommendations
1. Optimal Fertilizer Application: Farmers cultivating Sorghum bicolor and Triticum aestivum in Sokoto State should apply NPK at approximately 4 g per pot (equivalent to moderate field application rates), as this level maximizes seedling vigor and biomass accumulation.
2. Integrated Nutrient Management: Combining NPK with organic manure or compost is recommended to enhance soil structure and nutrient retention, preventing long-term soil degradation.
3. Soil Monitoring: Regular soil testing should be conducted to determine nutrient status and avoid overfertilization, which could lead to nutrient leaching and reduced productivity.
4. Adaptive Crop Selection: Since Sorghum bicolor showed higher tolerance and productivity under semi-arid conditions, it should be prioritized in nutrient-poor regions, while wheat cultivation should include supplementary organic amendments.
5. Further Research: Future studies should evaluate the interactive effects of NPK with other soil amendments (such as biochar and poultry manure) and investigate long-term implications on yield and soil health.
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