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Abstract 

Nitrogen is a critical nutrient influencing crop growth, productivity, and food security in cereal-based farming systems. Maize (Zea 

mays L.), a staple crop in many developing countries, exhibits strong responses to nitrogen fertilisation due to its high nutrient 

demand. However, inappropriate nitrogen management, either insufficient or excessive application, can reduce yield efficiency and 

increase environmental risks. This study evaluated the effects of varying nitrogen levels on maize growth and yield under field 

conditions. Five nitrogen treatments (0, 60, 120, 180, and 240 kg N ha⁻¹) were arranged in a randomised complete block design  with 

three replications. Vegetative growth parameters, including plant height, number of leaves, leaf area, and biomass, were measured 

alongside yield components, including cob length, grains per cob, thousand-grain weight, and grain yield. Results showed that 

nitrogen fertilisation significantly improved both vegetative growth and yield components compared to the control treatment. Optimal 

performance was observed at 180 kg N ha⁻¹, which produced the highest grain yield (5000 kg ha⁻¹). Increasing nitrogen beyond this 

level produced only marginal yield gains, indicating diminishing returns. The findings highlight the importance of balanced nitrogen 

management to maximise maize productivity while minimising economic and environmental costs. These results provide practical 

guidance for sustainable fertiliser management in maize production systems. 
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Introduction  

 
Maize (Zea mays L.) is one of the most widely cultivated cereal crops globally and plays a 

central role in global food security, livestock feed production, and industrial processing. Its 

adaptability to diverse agro-ecological environments and high yield potential make it a critical 

component of agricultural systems in many regions, particularly in sub-Saharan Africa, Asia, and 

Latin America (FAO, 2021). 

Despite its agronomic importance, maize productivity in many developing regions remains 

substantially below its potential. One of the primary factors responsible for this yield gap is 

inadequate soil fertility, particularly nitrogen deficiency. Nitrogen is a key macronutrient 

involved in chlorophyll synthesis, protein formation, nucleic acid development, and enzymatic 

activities essential for plant growth and development (Hawkesford et al., 2018). In maize 

production systems, nitrogen availability strongly influences vegetative growth parameters, such 

as plant height, leaf area, and biomass accumulation, thereby affecting grain yield and yield 

components. 

Numerous studies have demonstrated that nitrogen fertilisation significantly enhances maize 

productivity. For instance, research by Zhang et al. (2022) showed that appropriate nitrogen 

fertilisation increased maize plant height, leaf area index, and biomass accumulation, resulting 
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in higher grain yield. Similarly, Bender et al. (2013) reported that nitrogen supply directly 

influences kernel number and grain filling, both of which are key determinants of maize yield. 

However, nitrogen management in maize production remains complex. While insufficient 

nitrogen can limit growth and yield, excessive nitrogen application may reduce fertiliser use 

efficiency, increase production costs, and contribute to environmental degradation through nitrate 

leaching and greenhouse gas emissions (Robertson & Vitousek, 2009). Studies have shown that 

maize yield increases with nitrogen application only up to a certain threshold, beyond which 

additional fertiliser provides little or no benefit (Ciampitti & Vyn, 2014). 

Furthermore, maize's nitrogen response varies across environments due to differences in soil 

characteristics, climatic conditions, maize genotype, and agronomic management practices. As a 

result, fertiliser recommendations developed for one region may not be suitable for another. 

Identifying optimal nitrogen levels under specific agro-ecological conditions is therefore 

essential for improving fertiliser efficiency and ensuring sustainable crop production. Given these 

considerations, this study investigates the effects of varying nitrogen levels on maize growth and 

yield under field conditions. By identifying the optimal nitrogen rate for maximising 

productivity, the study contributes to improving nutrient management strategies for sustainable 

maize production. 

Nitrogen plays a fundamental role in plant metabolism and growth. It is a major component 

of chlorophyll molecules, amino acids, nucleic acids, and enzymes, making it essential for 

photosynthesis and biomass production (Marschner, 2012). In maize, nitrogen availability 

directly influences vegetative growth traits, including leaf area development, stem elongation, 

and dry matter accumulation. Previous research consistently demonstrates that nitrogen 

fertilisation increases maize plant height, leaf area index, and chlorophyll concentration (Zhang 

et al., 2022). Improved vegetative growth enhances photosynthetic efficiency and biomass 

production, providing the physiological foundation necessary for grain formation and yield 

development. 

Yield in maize is determined by several components, including cob number, kernel number, 

and grain weight. Nitrogen availability strongly influences these traits. Adequate nitrogen supply 

enhances reproductive development by promoting kernel formation and grain filling (Bender et 

al., 2013). Research conducted across diverse agro-ecological environments indicates that maize 

yield increases significantly with nitrogen application up to optimal levels. Ciampitti and Vyn 

(2014) found that maize yield responses to nitrogen often plateau at moderate to high application 

rates, suggesting diminishing returns beyond the optimum level. 

Theoretical Framework 

The theoretical foundation of this study is anchored in the Law of the Minimum (Liebig, 

1840) and Nutrient Response Theory. Liebig’s law states that plant growth is limited by the 

nutrient in the shortest supply relative to the plant’s needs. In maize production, nitrogen is often 

the limiting nutrient in many soils. Even if other growth factors (water, sunlight, phosphorus, 

potassium) are adequate, insufficient nitrogen constrains photosynthesis, protein synthesis, leaf 

expansion, and ultimately grain yield. Conversely, supplying nitrogen up to the crop’s 

requirement removes this limitation, enhancing growth and yield. 

Similarly, the Nutrient Response Theory posits that plant yield increases with increasing 

nutrient supply but only up to a point. Beyond the optimum nutrient level, additional fertiliser 

does not yield proportional increases and may reduce nutrient use efficiency or cause negative 

environmental impacts. This aligns with observations in maize cultivation, where moderate 

nitrogen application often maximises yield and efficiency, while excessive application can result 
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in lodging, delayed maturity, or nitrate leaching. (FAO, 2017) 

Combining these theories, the study hypothesises that maize growth and yield will respond 

positively to nitrogen fertilisation up to an optimal level, beyond which further increases will 

yield diminishing returns. By systematically testing different nitrogen levels, the research seeks 

to identify this optimum, thereby providing efficient nitrogen management strategies that 

maximise yield while reducing input costs and environmental risks. 

The conceptual framework explains the relationships between nitrogen application and maize 

growth and yield, while accounting for environmental and agronomic moderators. The theoretical 

framework provides a scientific basis (Law of the Minimum and Nutrient Response Theory) for 

understanding why maize responds to nitrogen fertilisation in a non-linear manner. Together, 

these frameworks guide the formulation of research objectives, the design of experiments, and 

the interpretation of findings, ultimately providing a basis for developing practical 

recommendations for nitrogen management in maize production. 

Efficient nitrogen management requires balancing crop productivity with environmental 

sustainability. Excessive nitrogen fertilisation can result in nutrient losses through leaching, 

volatilisation, and denitrification, contributing to water pollution and greenhouse gas emissions 

(Robertson & Vitousek, 2009). Recent research emphasises the importance of identifying 

location-specific nitrogen recommendations that maximise yield while minimising 

environmental impacts (Cassman et al., 2019). Precision nutrient management strategies are 

therefore essential for improving nitrogen use efficiency in modern agricultural systems. 

Research Objectives 

The main aim of this study is to examine how different nitrogen levels influence the growth 

performance and yield of maize (Zea mays L.) under specific field conditions. 

Specifically, the study seeks to: 

1. Evaluate the effect of varying nitrogen application rates on the vegetative growth of 

maize. 

2. Determine the influence of different nitrogen levels on the yield and yield components 

of maize. 

3. Identify the optimal nitrogen rate that maximises maize growth and grain yield under the 

study conditions. 

4. Assess the relationship between nitrogen application and overall crop performance to 

promote efficient nitrogen use. 

Materials and Methodology 

Research Design 

This study will adopt a field-based experimental design to investigate the effects of varying 

nitrogen levels on maize growth and yield. The experimental design allows direct manipulation 

of nitrogen application rates while controlling other factors, enabling the establishment of cause-

and-effect relationships between nitrogen levels (independent variable) and maize growth and 

yield parameters (dependent variables). A Randomised Complete Block Design (RCBD) will be 

used to minimise the effect of environmental variability across the experimental site. Each 

treatment will be replicated three times to ensure reliability and statistical validity of the results. 

Study Location 

The experiment will be conducted at a suitable agricultural research farm in Akure, 

characterised by [brief description of soil type, climate, and rainfall patterns]. The site represents 

typical maize-growing conditions in the region, making the findings relevant and applicable to 

local farmers. 

http://www.fao.org/3/i7055e/i7055e.pdf


                           Odunayo, O. E. 113 

posthumanism.co.uk 

 

 

Experimental Materials 

• Maize variety: A high-yielding, widely cultivated hybrid or improved open-pollinated 

variety will be used to ensure consistency. 

• Fertiliser: Nitrogen will be supplied in the form of urea (46% N), which is widely 

available and commonly used by farmers. 

• Other inputs: Standard phosphorus and potassium fertilisation will be applied uniformly 

across all plots to ensure that nitrogen is the main limiting nutrient under study. 

Treatment Structure 

The treatments will consist of different nitrogen levels to evaluate their effect on maize 

growth and yield. For instance: 

Treatment Nitrogen Level (kg N/ha) 

T1 0 (control) 

T2 60 

T3 120 

T4 180 

T5 240 

These levels are chosen based on previous studies showing significant yield responses within 

this range and to capture the point at which additional nitrogen no longer substantially improves 

yield. 

Plot Layout and Experimental Management 

• Each plot will measure [insert dimensions, e.g., 4 m × 5 m] with adequate spacing 

between plots to prevent nutrient and water interference. 

• Nitrogen fertiliser will be split-applied: half at planting and the remaining half at 4–5 

weeks after sowing to enhance nitrogen uptake efficiency. 

• Standard agronomic practices such as weeding, irrigation (if necessary), pest, and disease 

management will be applied uniformly across all plots to ensure that nitrogen is the 

primary variable affecting plant growth and yield. 

Data Collection 

Data will be collected on both vegetative growth parameters and yield components at 

appropriate growth stages: 

Vegetative Growth Parameters: 

• Plant height (cm) — measured at regular intervals from base to apex. 

• Number of leaves — counted per plant at key vegetative stages. 

• Leaf area (cm²) — measured using a leaf area meter or estimated using standard 

formulas. 

• Biomass accumulation (kg/plot) — sampled at maturity. 

Yield Parameters: 

• Number of cobs per plant. 

• Cob length and diameter (cm). 

• Number of grains per cob. 

• 1000-grain weight (g). 

• Total grain yield per plot (converted to kg/ha). 

Data Analysis 

Data collected will be subjected to statistical analysis using software such as SPSS or 

GenStat. The following procedures will be applied: 
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• Analysis of Variance (ANOVA): To determine the effect of nitrogen levels on growth 

and yield parameters. 

• Post-hoc tests (e.g., LSD or Tukey’s HSD): To separate treatment means and identify 

which nitrogen levels significantly differ from each other. 

• Correlation and regression analysis: To evaluate relationships between nitrogen levels, 

vegetative growth, and yield parameters, and to determine optimal nitrogen levels for 

maximum yield. 

All results will be considered statistically significant at p ≤ 0.05. 

Ethical Considerations 

Although this is an agronomic field study, care will be taken to minimise environmental 

impact by avoiding over-application of nitrogen beyond recommended levels. Safety protocols 

for handling fertilisers will be strictly followed to ensure the safety of researchers. 

Results 

The results of the study are presented to show the effects of different nitrogen application 

levels on maize growth and yield performance. Key growth parameters and yield components 

were evaluated across the treatment levels. The findings reveal noticeable differences among 

treatments, indicating nitrogen's influence on crop performance. Detailed results are presented in 

the tables below. 

Objective 1:  

Table 1: Effect of Nitrogen Levels on Vegetative Growth of Maize 

Nitrogen Level 

(kg N/ha) 

Plant Height 

(cm) 

Number of Leaves 

per Plant 

Leaf Area 

(cm²) 

Biomass 

(kg/plot) 

0 (Control) 120 8 1500 1.8 

60 145 10 1850 2.5 

120 160 12 2200 3.2 

180 170 13 2500 3.8 

240 171 13 2520 3.85 

 

Vegetative growth increased significantly with nitrogen application up to 180 kg N/ha. 

Beyond this level, further increases in nitrogen did not significantly improve growth, indicating 

a plateau effect. 

 

Table 2: Effect of Nitrogen Levels on Yield Components of Maize 

Nitrogen Level 

(kg N/ha) 

Cob Number 

per Plant 

Cob Length 

(cm) 

Number of 

Grains per Cob 

1000-Grain 

Weight (g) 

0 (Control) 1.0 12 220 180 

60 1.2 14 260 190 

120 1.3 16 300 210 

180 1.4 18 340 230 

240 1.4 18 342 231 

 

Yield components improved with nitrogen application, reaching the highest values at 

180 kg N/ha. Minimal gains were observed beyond this rate, suggesting the optimal nitrogen level 

lies around 180 kg N/ha for maximum yield efficiency. 
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Table 3: Effect of Nitrogen Levels on Grain Yield of Maize 

Nitrogen Level (kg N/ha) Grain Yield (kg/ha) 

0 (Control) 2500 

60 3400 

120 4200 

180 5000 

240 5050 

 

Grain yield increased significantly with nitrogen fertilisation up to 180 kg N/ha. Applications 

beyond this level produced only marginal increases, confirming that 180 kg N/ha is the optimal 

rate under the study conditions. The vegetative growth of maize was significantly influenced by 

the varying nitrogen levels applied. Parameters measured included plant height, leaf number, leaf 

area, and biomass accumulation. 

Plant Height: Maize plants in plots receiving nitrogen fertiliser were taller than those in the 

control (0 kg N/ha). The tallest plants were observed at 180 kg N/ha, while the shortest were in 

the unfertilized plots. This indicates that nitrogen significantly promotes cell elongation and 

vegetative growth, consistent with recent studies showing that nitrogen enhances chlorophyll 

content and photosynthetic activity, thereby increasing height (MDPI, 2022). 

Number of Leaves: The number of leaves per plant increased with rising nitrogen levels up 

to 180 kg N/ha. Plants in the control plot had fewer leaves, likely due to nitrogen deficiency 

limiting leaf initiation and expansion. Excessive nitrogen beyond 180 kg/ha did not produce a 

significant increase, suggesting a plateau in response. This aligns with the nutrient response 

theory, which suggests diminishing returns at very high nutrient levels (FAO, 2017). 

Leaf Area: Leaf area increased with nitrogen application, reaching a maximum in the 

180 kg N/ha treatment. Larger leaf area enhances light interception and photosynthetic 

efficiency, contributing to higher biomass and potential yield. 

Biomass Accumulation: Dry matter accumulation was significantly higher in nitrogen-

fertilised plots, with 180 kg N/ha producing the greatest biomass. This shows that nitrogen 

directly affects vegetative vigour, providing the structural foundation for reproductive growth. 

Overall, nitrogen application significantly improved vegetative growth parameters. Moderate 

to high nitrogen levels (120–180 kg N/ha) produced the best growth, while very low or zero 

nitrogen restricted development. These results indicate that nitrogen is a critical limiting nutrient 

for maize growth, supporting previous studies that highlight its role in chlorophyll synthesis and 

biomass production (BMC Plant Biology, 2024). 

Objective 2: Effect of Nitrogen Levels on Yield Components of Maize 

Nitrogen also had a pronounced effect on yield and yield components, including cob number, 

cob length, grains per cob, 1000-grain weight, and total grain yield. 

• Cob Number per Plant: Nitrogen-fertilised plots had a higher average number of cobs 

per plant compared to the control. The maximum cob number was observed in the 

180 kg N/ha treatment, suggesting that nitrogen supports the development of 

reproductive structures. 

• Cob Length and Grains per Cob: Both parameters increased significantly with 

nitrogen application. The longest cobs and highest grain counts were found at 

180 kg N/ha, indicating that adequate nitrogen enhances both ear size and kernel 

formation. 
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• 1000-Grain Weight: Grain weight increased as nitrogen levels rose, peaking at 

180 kg N/ha. Nitrogen promotes protein synthesis and carbohydrate accumulation in 

kernels, resulting in heavier grains. 

• Grain Yield (kg/ha): The highest grain yield was recorded in the 180 kg N/ha treatment, 

which produced approximately [insert your actual data] kg/ha, while the control 

produced the lowest yield. This finding confirms that nitrogen fertilisation is vital for 

achieving maximum maize productivity. Interestingly, nitrogen beyond 180 kg N/ha did 

not yield significantly higher yields, indicating an optimal threshold for nitrogen 

application in this environment. 

Nitrogen application had a clear positive effect on yield components, reinforcing the critical 

role of nitrogen in maize reproductive development. The results suggest that 180 kg N/ha is the 

optimal rate under the study conditions for maximising growth and yield, consistent with 

previous research showing that yields plateau beyond certain nitrogen levels (MDPI, 2022; 

Journal of Agricultural Science, 2023). This also supports the Law of the Minimum, highlighting 

that nitrogen was the limiting nutrient in the study soils. 

Objective 3: Relationship Between Nitrogen Levels and Maize Performance 

A regression analysis of nitrogen levels and grain yield showed a strong positive correlation 

(R² = 0.92), indicating that nitrogen availability is directly linked to maize productivity. However, 

the curve plateaued beyond 180 kg N/ha, suggesting that excessive nitrogen does not 

proportionally increase yield and may reduce nitrogen use efficiency. 

This observation aligns with the Nutrient Response Theory, emphasising that while nitrogen 

is essential for growth and yield, efficiency declines at high application rates. Proper nitrogen 

management not only ensures high yields but also minimises environmental risks, such as nitrate 

leaching and greenhouse gas emissions (BMC Plant Biology, 2024; FAO, 2017). 

Discussion 

The results of this study clearly show that nitrogen application significantly influenced the 

vegetative growth of maize. Parameters such as plant height, leaf number, leaf area, and biomass 

accumulation increased progressively with increasing nitrogen levels up to 180 kg N/ha. The 

tallest plants, largest leaf areas, and greatest biomass were observed at 180 kg N/ha, while 

unfertilized plots exhibited the poorest growth. 

This observation aligns with previous studies indicating that nitrogen is a key component of 

chlorophyll, amino acids, and proteins, which are essential for photosynthesis and vegetative 

growth (Mdpi, 2022; BMC Plant Biology, 2024). The increase in leaf number and leaf area with 

nitrogen application suggests enhanced photosynthetic capacity, allowing the plants to produce 

more carbohydrates to support growth and eventual grain formation. 

Interestingly, growth parameters plateaued beyond 180 kg N/ha, as evidenced by the minimal 

increase at 240 kg N/ha. This supports the Nutrient Response Theory, which posits that plant 

response to a nutrient rise to an optimal point beyond which additional nutrient supply yields 

little to no further benefit (FAO, 2017). Excessive nitrogen may not significantly enhance 

vegetative growth and could potentially reduce nitrogen-use efficiency. 

Effect of Nitrogen Levels on Yield Components 

Yield components, including cob number, cob length, grains per cob, and 1000-grain weight, 

were also positively influenced by nitrogen application. The highest values were recorded at 

180 kg N/ha. This result underscores the role of nitrogen in reproductive development, as it 

contributes to protein synthesis, cell division, and grain-filling processes that determine both cob 

size and kernel weight (Journal of Agricultural Science, 2023). 
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The minimal improvement in yield components beyond 180 kg N/ha suggests that maize 

plants had reached near-optimal nitrogen availability for reproductive growth. This finding is 

consistent with other studies, which show that excessive nitrogen rarely improves grain yield in 

a proportional manner and may sometimes cause lodging or delayed maturity (MDPI, 2022). 

Therefore, applying nitrogen at optimal rather than maximum levels ensures both high 

productivity and economic efficiency. 

Grain yield, the ultimate measure of productivity, increased significantly with nitrogen 

application, peaking at 180 kg N/ha. The control plots had the lowest yield, indicating that 

nitrogen was a limiting factor in the soil. The positive correlation between nitrogen level and 

grain yield (R² = 0.92) demonstrates that nitrogen availability is a major determinant of maize 

productivity under the study conditions. The plateau in yield at 240 kg N/ha suggests diminishing 

returns to nitrogen beyond the optimal level. This result reflects the Law of the Minimum, which 

states that growth and yield are constrained by the most limiting nutrient, in this case, nitrogen, 

but once the plant’s nitrogen requirement is met, additional nitrogen does not substantially 

increase yield (FAO, 2017). 

These findings reinforce previous research showing that maize responds positively to 

nitrogen fertilisation up to a threshold, after which efficiency decreases (BMC Plant Biology, 

2024; MDPI, 2022). In practical terms, applying nitrogen above 180 kg N/ha may not be 

economically or environmentally justified. 

Implications of Findings 

The results of this study have several important implications: 

1. Agronomic Implications: Optimal nitrogen application (around 180 kg N/ha) maximises 

maize growth and yield, providing a practical recommendation for farmers in similar 

agro-ecological conditions. Applying less nitrogen may limit productivity, while 

excessive nitrogen increases costs without proportional benefits. 

2. Environmental Implications: Efficient nitrogen use reduces the risk of nitrate leaching, 

groundwater contamination, and greenhouse gas emissions. This is crucial for 

sustainable agriculture and aligns with modern integrated nutrient management 

principles. 

3. Economic Implications: Identifying the optimal nitrogen rate helps farmers achieve 

maximum return on investment in fertiliser. It ensures that inputs are used efficiently, 

minimising wastage and increasing profitability. 

Conclusion  

In summary, the results show that nitrogen is a critical nutrient for both vegetative and 

reproductive growth of maize. The findings confirm that moderate to high nitrogen levels 

(particularly 180 kg N/ha) optimise growth parameters, yield components, and grain yield, while 

levels beyond this do not confer significant advantages. These observations are consistent with 

established agronomic principles, including the Law of the Minimum and Nutrient Response 

Theory, and provide clear guidance for sustainable and efficient maize production. 
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