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CHAPTER ONE 

1.0 INTRODUCTION 

The most significant crop for human nutrition is cereals, which provide 70% of the world's 

population with food and 75% of their overall calories, and over fifty percent of the protein 

humans require. The current worldwide problem is to sustain and raise the bar for food 

production while protecting biodiversity. Corn has a considerable grain and dry matter output, 

a variety of nutritional benefits in the provision of sugars and culinary oils, and it is 

particularly significant in the agricultural economies of different nations. Maize (Zea Mays 

L.) is a significant plant cultivated throughout most of the world as an essential food source 

and fodder crop in various climates. Regarding the land under cultivation and productivity, it 

ranks third behind rice and wheat (Mousavi & Nagy, 2021). 

Maize is widely used in biofuels, animal feed, and various industrial goods, including syrup 

and maize starch, in addition to being directly consumed in the human diet. The energy 

density of maize grains is 1.53 MJ per 100 g, with almost 72% being starch, 10% being 

protein, and 4% being fat. The Poaceae family's C4 crop species, maize, is slightly vulnerable 

to abiotic challenges such as inadequate nutrients, drought, and water stress (Khaeim et al. 

2022). With the increasing world population projected to strike nine billion by 2050 (FAO, 

2022) and with global production exceeding two billion metric tonnes, which is likely to 

increase in the future, placing pressure on the already worst situation, the crop is faced with a 

myriad of challenges not limited to salt intolerance, heat stress, nutritional deficiency, 

nutrient inadequacies, and drought impeding optimal global output. 

Raising maize productivity for sustained economic and income growth underpinning demand 

for food for humans and animals alongside other industrial uses can be realized through 

breeding strategies, biotechnological technologies, and agronomic management practices. 

Crop breeding and biotechnology require much time and enormous financial investment to 

achieve the desired results. Agricultural technology, such as inorganic fertilizers, pesticides 

and farm machinery use, robots, temperature and humidity sensors, aerial photos, and GPS 

technology, are currently used to increase productivity. This advanced equipment, precise 

farming and robotic systems enable farmers to be more profitable, efficient, safer, and 

environmentally friendly. These inputs availability makes are necessary for the use of natural 

resources and processes to improve agricultural production and reduce costs. Farmers no 
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longer need to apply water, fertilizer, and pesticides evenly across the land. Instead, they can 

use the least amount and target very specific areas or even treat different plants has been seen 

as a solution for inorganic fertilizers. Higher yields have been achieved by conducting more 

intensive cropping with significant fertilizer input. (Raina, 2021). 

Low nutrient utilization efficiency, however, is the outcome of the excessive and uneven use 

of fertilizers, causing a decrease in yield due to physiological factors, toxicity or induced 

deficiency of other nutrients within the plant or in the soil, and interactions with other 

elements (Pandey et al. 2021) through biomass accumulation and partitioning interference 

such as excess N causing lodging, excess nickel (Ni) supplementation displaces magnesium 

(Mg 2+) ions from Rubisco, resulting in a loss of enzyme activity and higher tissue 

concentrations of zinc (Zn) reduce the uptake of phosphorus (P) and vice-versa (S. B. 

Mohammed et al. 2021). Therefore, nutrient stress has the largest effect on growth, crop 

health and yield. According to Bhusal et al. (2021) research, maize output must increase, 

particularly in emerging countries, to fulfil the rising demand for food for humans and 

animals. As proper and balanced nutrition improves maize health and its resistance to abiotic 

stress, studies addressing the impacts of nutritional shortages must receive more attention 

based on nutrient-enhancing technology.  

Nitrogen is the most restrictive nutrient for growth, and its availability in the soils 

significantly impacts maize development, biomass output, and yield. The application of 

Nitrogen fertilizer has been realized to be highly effective, significantly impacting the yield 

and grain quality (Hammad, Chawla, Jawad, Alhuqail, Bakhat, Farhad, Khan, Mubeen, Shah, 

Liu, Harrison, Fahad, et al. 2022) as maize is more sensitive and more tolerant to Nitrogen 

fertilizer, counteracting the effect of decreasing fertility of the soil levels due to the low rates 

and uneven nutrient applications and declining arable land causing nutrient depletion. 

Excessive N-application is catastrophic to maize growth, such as lodging, due to increased 

succulency and environmental degradation. Nitrogen is a key requirement in achieving a 

higher yield of maize. Still, an increase of N-fertilizer to a certain level after that has adverse 

effects following the law of diminishing returns.  

He added that low N supply at the middle growth stage and silking stage causes slow crop 

growth rate, slowing down reproductive structures growth and thus decline, resulting in lower 

grain yield (and its components) as well as lesser harvest index and leaf area, reducing dry 

matter accumulation hence need for optimum supply dose of N at critical stages. This 
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information is lacking in demonstrating how early soil N status in the season affects maize 

growth and its response to delay N application.  

In sub-Saharan Africa (SSA), for instance, unsustainable food production has resulted from 

insufficient and uneven fertilizer application throughout farm fields and high fertilizer costs 

are some of the impediments to sustainable food production in the region, with farming 

practiced mainly by 70–80% resource-poor smallholder farmers (Tamene et al. 2015). In 

contrast to the industrialized world, which includes China, Europe, and North America, 

optimal inorganic fertilizer use has resulted in food sufficiency  (Bindraban et al. 2015). This 

unbalanced use of fertilizers requires to be bridged, which renders the intervention profitable. 

Due to N losses through leaching and volatilization, an evaluation study has been proposed to 

understand the optimal quantities of N application mitigating income loss in purchasing N-

fertilizer in addition to soil and water pollution. The broad objective of the study targets to 

contribute towards food and nutritional security and environmental sustainability by 

identifying and recommending optimal levels of N-fertilizers in maize. The study specifically 

seeks to determine the optimal levels of Nitrogen for maximum quantity and quality of yield 

and yield components while maintaining environmental sustainability and to identify the 

effect of Nitrogen on proximate and minerals biochemical composition of maize derived from 

the use of different volumes of N-fertilizers use. It was hypothesized that there is no 

significant difference in the levels of N-fertilizers application on yield, and there are no 

significant differences in proximate composition and mineral contents of maize under 

different levels of N-fertilizers.  
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CHAPTER TWO 

2.0 LITERATURE REVIEW  

2.1 Maize as a crop. 

2.1.1. Taxonomy, origin, and diversity of maize.  

In terms of the output of cereal crops worldwide, maize (Zea mays L.) comes in third place 

behind rice and wheat. It is extensively cultivated all over the world in a variety of 

agroecological conditions. Because it is a C4 species, maize effectively uses moisture and 

sunlight to generate a high yield and total dry matter. As the world's human population 

continues to grow, there is a growing demand for maize cultivation as a source of food, 

pasture, oil, and biofuel (Badr et al. 2020). The grown maize plant, commonly known as 

"corn" in some regions of the world, is a member of the genus Zea. It is part of the 

Andropogoneae tribe of the Poaceae family and subfamily Panicoideae. The same genus has 

other wild species of maize, but these are wild grasses (known as teosintes) and are not 

cultivated(O Awata et al. 2019). 

About 9000 years ago, in the Balsas area of southwest Mexico, maize was domesticated from 

the wild grass (Z. mays subsp. parviglumis). Teosinte is a general name that refers to any wild 

taxon from any of the five species of Zea (Stitzer and Ross-Ibarra, 2018). These species are 

widespread throughout most Central America and well suited to their unique local conditions. 

The tripartite theory went as far as to claim that the parent of maize was an extinct popcorn 

and that teosinte originated through hybridizations between corn and the closely related 

species Tripsacum, with further hybridizations leading to the diversity of maize we see today. 

According to the alternate teosinte hypothesis, maize's primary ancestor was teosinte (Stitzer 

& Ross-Ibarra, 2018). 

Three hypotheses have been put out on the evolutionary genesis of corn. The first claimed 

that maize was created by Tripsacum being crossed with teosinte. The following claims it 

originates after a truncated maize variety and that teosinte is a product of Zea and Tripsacum 

cross-pollination. The tertiary and best well-known explanation states edible corn descended 

from teosinte. The theory holds that maize descended from extinct popping corn, which had 

glumes covering each kernel (García-Lara & Serna-Saldivar, 2018). Additionally, it was 

discovered that Teosinte and Tripsacum couldn't pair up in nature or a laboratory setting. 
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These two genera’s pollen further supported the conclusion that teosinte didn't originate from 

their hybridization. 

 The utmost widely recognized hypothesis regarding the ancestry of maize holds that teosinte, 

due to unlimited and prevalent access, is the ancestor natural hybridization between teosinte 

and corn. It states the presence of the same number of chromosomes (n=10) with the same 

structure in both species and several anatomical traits, such as similar morphological pollen 

characteristics among cultivars (García-Lara & Serna-Saldivar, 2018).  

Around 6000 years ago, maize is thought to have been cultivated for use as food. With the 

discovery of the Americas by European explorers in the fifteenth century, the crop was first 

introduced there before spreading to Sub-Saharan Africa and the rest of the world. Each area 

has preserved certain maize cultivars over time that are tailored to its environment (O Awata 

et al. 2019). Even though substantial impacts made possible by alleles at a small number of 

genes were crucial, domesticated maize did not develop because of selection only but also on 

a few genes. The allelic trajectories and phenotypic alterations underlying the events that 

gave rise to modern maize can be partially understood using genetic and genomic methods, 

even if we may never be able to fully reconstruct these processes. Hence, the domestication 

of maize and the contrast with teosinte offer a historical and phenotypic framework for 

comprehending both the causes and effects of selection (Stitzer & Ross-Ibarra, 2018). 

2.1.2 Trends in maize distribution, production, and consumption in Hungary. 

Maise and sunflower are the two most significant broad-row crops in Hungary. The most 

significant feed crop, maize, has been cultivated in an area in Hungary that exceeds 1 million 

hectares for several decades. After wheat, maize is the crop that is most widely grown in the 

European Union. Production vastly outpaces consumption, leading to a sizable trade surplus 

because of the quantity of land and favourable weather. The industry, however, is susceptible 

to extreme weather events like heat waves and droughts. 

The crucial significance of corn in terms of both supply and demand may be supported by 

numerous aspects. On the contribution side, it is important to draw attention to factors like 

the good cultivation potential of the arable land in Hungary, the favourable weather, and the 

presence of farmers with substantial production experience. The vast and different uses of 

corn are the key component on the demand side. Feed corn is an essential raw material in 
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animal breeding, in addition to the food industry uses such as isosugar, maize mush, canned 

maize, and feed. The industrial uses, such as the manufacturing of alcohol, should also not be 

overlooked. Maize is a big agricultural export crop as well since the production level vastly 

surpasses the need in the local market (Mizik & Rádai, 2021). 

Sowing time, row spacing, planting depth, and seed quantity are the primary sowing factors 

that have a significant impact on the yield. Changes in soil temperature have an impact on 

when to plant corn since it needs a temperature of 8 to 12 °C to germinate. Recently, because 

of climate change, the soil warmth reaches 10 °C in the first part of April. As a result, the 

prior understanding of the ideal sowing period needs to be revised. The best period to plant 

now is between April 10 and May 2(Tóth & Czakó, 2021). Using a pneumatic seed drill, 

maize is seeded in rows with a row spacing of 70–76 cm and seeds spaced 16–22 cm apart. 

The FAO method is used to report hybrid maturities, and FAO group 200 to 600 maturities 

are the most prevalent range for Hungarian hybrids. A high FAO number means a higher 

yield, but 500-600 hybrids can only be used in the southern part of Hungary or the 

Transdanubia region (Bojtor, Mousavi, et al. 2021). 

Typically, the sowing depth is 5 to 6 cm. The homogeneity of sowing depth and the invariant 

stem distance are two aspects of sowing quality. For the possible highest yield, the best 

sowing conditions, including timing and quality, are essential. In comparison to hybrids with 

longer growth durations, shorter hybrids have a broader ideal planting time interval. 

Depending on the hybrid, the ideal plant density ranges from 63,000 to 73, 000 plants per 

hectare. (Tóth & Czakó, 2021) in their previous research discovered that 70 000 plants per 

hectare were the ideal density, with the yield drastically reducing with lower or higher 

densities. 

2.1.3 Maize types  

It is possible to raise corn of several kinds (flour corn, flint corn, dent corn, sweet corn, 

popcorn, waxy corn, and amylomaize) and colours (from white to yellow to red to purple). 

Soft corn, also known as floury corn (Zea mays var. amylacea), is a kind of corn that is 

primarily white in colour with rounded or flat crowns and a little amount of challenging 

starch. Zea mays var. indurata, sometimes referred to as Indian corn or flint corn, is a kind of 

maize with a hard shell and a soft starch in the middle. Its colour limits are white to red. Dent 

maize (Zea mays var. indentata) has a sunken crown and is either white or yellow in colour. 
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In comparison to other corn varieties, sweet corn (Zea mays var. saccharata and var. rugosa) 

has a greater sugar content and is eaten in a variety of ways, including simmered, baked, 

frozen, and tinned. As the endosperm of popcorn (Zea mays var. everta) is filled with thick 

starch, it pops more easily and is mostly utilized for popcorn. Amylopectin makes up 99% of 

the starch in waxy maize (Zea mays var. ceratina), with very low trace levels of amylose. A 

paste made from waxy cornstarch mimics potato starch in that it has a low tendency to 

retrograde and a high diffusion. Several foods, like fruit pies, frozen foods, canned foods, and 

dairy products. and non-food products, such as gummed cassettes, employ waxy cornstarch. 

White maize is recommended for nixtamalized items like tortillas because it has a white 

endosperm that has more vitreous endosperm than floury endosperm. The anthocyanins found 

in blue, purple, and red maize kernels have shown antioxidant and bioactive characteristics 

(N. Singh et al. 2019).  

2.1.4 Importance of maize 

Alongside output volume of over one metric billion tons annually, maize has spread far 

across the world (García-Lara & Serna-Saldivar, 2018), and it is now the most common 

staple cereal on the planet. According to (Erenstein et al. 2021), the succeeding highest 

extensively second-largest farmed cereal in the globe is wheat is maize for dry grain, which is 

planted annually on an estimated 197 M hectares of land worldwide. By 2030, maize is 

expected to replace wheat as the most extensively produced grain, based on present trends 

and the relatively stable wheat acreage (Erenstein et al. 2021). In addition to the many 

conditions, it may thrive in, including the tropics, subtropics, and temperate zones, it is a C4 

plant and has great photosynthetic efficiency. 

Human feed, livestock, poultry, and industrial usage make up the three categories of maize 

consumption in Hungary. Since it provides energy for cattle and poultry, maize grain is 

highly significant. It is also greatly used for gaining weight and utilized in most countries, 

accounting for around 80% of maize harvests. Maize grain is also utilized in the industrial 

sector. Several food items, including starch, maize, syrup, and dextrose, can be made by 

hydrolyzing maize starch. In addition to numerous industrial uses, dry maize starch is utilized 

in the food industry. As it produces the grain that is used to make ethanol, maize is a prime 

choice for ethanol production (Nasir Mousavi et al. 2019). 
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2.1.5 Agronomic requirements 

Climatic conditions.  

The primary producing zones for corn farming are determined by climate. Although maize is 

cultivated in a variety of agroclimatic circumstances, some weather elements significantly 

affect the crop's capacity for yield. Climate variability influences a wide range of 

management techniques. Temperature and moisture interact and have a direct impact on 

physiological processes as well as elements of development. There are specified temperature 

thresholds for the most vulnerable phenological periods, including sowing to emergence, 

anthesis, and grain filling, as well as for essential physiological processes, including leaf 

initiation, shoot development, and root growth. In terms of phenological periods and 

developmental stages, corn reacts to temperature in different ways. Temperatures between 

21°C and 32°C, development occurs at the quickest pace. Development is less temperature-

sensitive during the reproductive phases than it is during the vegetative phases. Ideal 

conditions are said to include cool nights, sunny days, and average temperatures. Kernel 

establishment may be poor because of extreme-heat pressure throughout the pollination 

phase. 

Wetness and the soil's ability to hold water are connected. The amount of soil moisture, the 

nature of the soil, and the need for water in the atmosphere are all considered when 

determining the corn plant's accessibility to moisture. The quantity of moisture that is 

accessible to plants in ideal soil is greater than five centimeters per 30 cm of depth of the soil. 

Through times of high requirement, water usage might overtake precipitation. The volume of 

water used by maize varies with the crop stage, and this time frame also includes blooming 

and pollination. Soil moisture reserves are essential to reducing possible stress. 

Soil requirements 

As maize is highly susceptible to environmental factors, suitable soils and enough water are 

expected to provide high yields. The pH range of soils in Hungary is rather wide. According 

to the research, 13% of soil is very acidic and 43% are slightly acidic. In the last ten years, 

high-dose fertilization may have contributed to a rise in soil acidity in addition to moist and 

dry deposition from industrial and household pollutants. The amount of nutrients in soils that 

are accessible to plants also rises as a response to fertilization. In Hungary, the Luvisols, 
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Chernozems, and Vertisols soil types—which collectively account for 70% of the country's 

total area—dominate the production of maize(Pepó, 2021). 

The main agrotechnical component that alters soil structure by altering its physical 

characteristics, such as soil moisture content, bulk density, and penetration resistance, is 

tillage. The emergence of seedlings, plant population density, root dispersion, and crop 

production are all impacted by changes in soil physical qualities brought about by various 

tillage techniques. In Hungary, the standard tillage method for maize cultivation has been 

mould board ploughing. It increases the soil's ability to store water and gives good depth. 

Nonetheless, this tillage technique has considerable potential for water loss and surface 

runoff while providing only modest topsoil conservation with crop waste. Minimum tillage 

entails less disturbance of soil and is becoming popular lately (Bramdeo & Rátonyi, 2020). 

Nutrition and water management 

Proper irrigation and plant nutrition are two essential crop management techniques. The 

ability of the soil to hold water per unit depth and the depth at which root developments are 

advantageous and are the main factors controlling water availability. It is critical to keep in 

mind that some rainfall is lost to evaporation, runoff, and drainage. The quantity water may 

be held in stock to augment rainfall during cropping seasonc depends on the soil's capacity to 

store moisture. Fine-textured soils might have an issue with excess water to the point where 

drainage becomes a crucial management tool (García-Lara & Serna-Saldivar, 2018).  

It is important to understand which nutrients are likely to restrict output when it comes to the 

key elements for plant nutrition. The characterization of essential elements is those that plants 

obtain from water and air, such as carbon (C), oxygen (O), and hydrogen (H). The soil is the 

source of the other elements. Nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), 

magnesium (Mg), and sulfur (S) are the six elements that are utilized most frequently. These 

substances are known as macronutrients, and major nutrients are N, P, and K and secondary 

macronutrients are frequently used to categorize Calcium, Magnesium, and Sulphur further. 

Micronutrients, also known as trace or minor elements, are the nutrients that plants need in 

very minute amounts. They include molybdenum (Mo), iron (Fe), Zinc (Zn), Boron(B), 

manganese (Mn), copper (Cu), zinc (Zn), and chlorine (CI) (García-Lara & Serna-Saldivar, 

2018). Small crop yields and inadequate fertilizer reactivity in some soils are both 

consequences of imbalanced soil fertilization. Poor or non-responsive soils are ones with 
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little to no yield improvements following fertilizer usage and hence insignificant economic 

rewards (Njoroge et al. 2018). The physical, biological, and chemical characteristics of soils 

have a significant impact on water availability, nutrient storage and release, and plant nutrient 

uptake. (Burke et al. 2019).  

Crop protection of maize. 

FAO predicts that by 2050, there will be 9.8 billion people on the planet(“Special Report – 

FAO Crop and Food Supply Assessment Mission (CSAM) to the Republic of Moldova,” 

2022). Grain demand is anticipated to expand by at least 2.2 times from 1970 to 2020 in 

tandem with this expansion (Nishimoto, 2019). The quantity of cultivated land in the globe 

was essentially the same in 2018 as it was in 1965, in contrast to the increases in grain 

demand that are required to keep up with population expansion, and no substantial increases 

are anticipated going forward. There seems to be a global loss in cultivated area per person, 

especially when paired with the anticipated population expansion (Nishimoto, 2019).  

A significant challenge to grain production is climate change. On one hand, rising 

temperatures would lengthen the growing season in some places, and there is a possibility 

that higher carbon dioxide levels might make it easier for some plants to fix carbon dioxide 

through photosynthetic processes, which might enhance grain output. On the other hand, 

many other regions are probably going to have reduced grain crop yields because of climate 

change. In addition, many of the places anticipated to see decreased agricultural yields are 

already significant grain-producing areas. This indicates that the overall crop yield might be 

significantly impacted by climate change. Globally, the yield decline from 2000 to 2050 is 

predicted to be 24% for maize, 11% for rice, and 3% for wheat (Nishimoto, 2019).  

The yield of maize is constrained by a wide range of abiotic and biotic stresses, which also 

contribute to a wide range of diseases and poor crop management. A wide range of diseases 

harm maize plants, with bacterial and fungal infections being the most significant. In addition 

to multiple fungi-related illnesses maize is susceptible to a few viruses, bacteria, nematodes, 

other mycoplasma-like organisms, and higher parasitic plants. According to reports, maize 

harvests have been severely harmed by numerous bacterial and fungal species (Rehman et al. 

2021). Important diseases of maize, especially in Hungary, include maize dwarf mosaic virus, 

fusarium head blight, leaf blotch, seedling blight and foot rot, leaf blight, common rust, 

common smut, charcoal rot, and eyespot. 
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Insects are among the most significant of the many variables that restrict the productivity of 

maize. Many insect pests that attack corn plants can seriously harm the crop and, in cases 

when the pest population is considerable, result in yield and quality losses. Stem borers, 

aphids, and thrips are the most devastating damaging insects for maize (Mahmoud et al. 

2021). The harm caused by the insect pest complexity depends on the field's population 

trends, which in turn depend on how dynamically the physical elements of their immediate 

surroundings affect them. In addition to helping predict insect losses to the crop, a detailed 

understanding of the precise link between the change in environmental conditions and those 

in the pest population may also assist in averting them with some well-timed pest 

management strategy. The growth of insect pests is greatly influenced by abiotic stresses, 

including temperature and relative humidity (Mahmoud et al. 2021). Important pests of maize 

include western corn rootworm, maize leaf weevil, European corn borer, common cockchafer, 

black beet weevil, turnip moth and cotton bollworm.  

Weeds are unwanted plants that invade various crops and reduce agricultural productivity by 

competing with them for resources like water, light, space, and nutrients. Weed is a known 

agricultural competitor and a source of several insects, pests, and diseases. To prevent 

financial loss in agricultural production, weed must be handled effectively. Herbicide 

spraying was first thought to be the simplest and most cost-effective method of weed 

management. However, the chemical impacts on the environment and human health have 

long-lasting detrimental repercussions. The maize crop is extremely sensitive to weed 

invasion. The output of maize can be reduced by up to 82% to 84% by weed infestation over 

the whole crop season (Duwadi et al. 2021). 

To produce crops, using various weed control tactics is essential. There are numerous 

different weed control methods, including mechanical, physical, chemical, cultural, and 

biological ones. The shift in emphasis from pesticide use to non-chemical weed control is 

motivated by the public's recent increase in environmental consciousness and the issue 

associated with the harmful effects of herbicides. The non-chemical weed control strategies 

emphasize the need for sustainable solutions while reducing the use of pesticides. C. album, 

Ambrosia artemisiifolia, Echinochloa crus-galli and Datura stramonium are harmful weeds 

in Hungarian maize fields(Osman et al. 2022). 
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Post harvest of maize. 

To fulfill the rising global need for food, significant resources and efforts have been devoted 

over the past ten years to raising agricultural productivity and production. However, 

difficulties in adjusting to climate change as well as limited water and land resources, as well 

as increasing weather unpredictability provide obstacles to the development of food 

production. The operations that make up the post-harvest chain for cereals include gathering, 

shelling, drying, storing, packaging, moving, marketing, and milling. (Chegere, 2018) 

discovered that considerable grain losses after eight months of storage came from keeping the 

maize in the field for prolonged durations after it reached physiological maturity. Maize 

borers were primarily blamed for grain loss. Additionally, he discovered that maize that was 

harvested early had a larger proportion of mouldy grain, which raised the risk of rotting. 

He also discovered that maize post-harvest losses rise with warmth and humidity and fall 

with greater market access and better storage techniques. A reduction in post-harvest losses of 

maize is positively correlated with the use of recommended post-harvest activities, such as 

drying cobs, shelling, drying grains, winnowing, and pesticide treatment. On the other hand, 

research has shown that pre-harvest strategies like wisely choosing maize hybrids, timely 

planting, timely harvesting, and efficient pest control minimize post-harvest losses. 

2.2 Hindrances to optimal maize production in Hungary. 

The world's environmental resources are being severely burdened by rapid population 

growth, the rising demand for natural resources to meet human requirements, and the 

negative consequences of climate change. This is also having a harmful effect on the ability 

of humans to produce enough food. One of the main effects of climate change that has drawn 

scientists' attention for decades is drought. This is because every year, drought impacts 

millions of people worldwide, posing serious development issues because of its profound 

influence on a range of human endeavors, including agricultural methods and social 

development. The repeated drought events that have plagued Hungary over the past few 

decades and had an adverse effect on many facets of society making the country sensitive to 

climate change. Towards the end of the twenty-first century, Hungary is predicted to 

experience a significant amount of drought (Buzási, 2021). In addition, (Buzási, 2021),  

predicted that in the next decades, strong drought occurrences will probably become more 

regular in southern European nations like Hungary, which have already had several severe 
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droughts. According to his studies, by taking quick action to end the drought, its effects might 

be lessened. 

Although rainfall can provide the water needs of crops like maize during the growth period, 

the effect of the agricultural drought in Hungary has reportedly had a negative influence on 

crop productivity. According to (S. Mohammed et al. 2022), maize is very drought sensitive. 

In addition, he discovered that agricultural output is particularly vulnerable to drought 

occurrences throughout the growing season. He added that the intensity of the drought is 

closely tied to corn losses. Due to the predominantly rain-based nature of the Hungarian 

agricultural system, serious crop failure due to a lack of rainfall is a possibility. This puts a 

strain on food security. 

Insect pests, plant diseases (De Groote et al. 2020), and other biotic and abiotic stressors, 

including heat and drought, are all posing growing threats to maize (Mueller et al. 2020). 

Distinctly in the northern regions of Europe and at higher altitudes, global warming opens 

new chances for maize farming. Several insect pests, plant diseases, and other destructive and 

helpful species will also discover new chances in Europe. Breeding for resistance to current 

and anticipated future plant diseases and insect pests is one method for reducing the rising 

biotic hazards in the maize farming process (Miedaner & Juroszek, 2021). Future disease 

resistance breeding tactics will unavoidably need to be adjusted because of the long-term 

changes in diseases, which will depend on factors like overall crop health, and pathogen 

virulence, which includes interactions with insects and the region involved. Moreover, 

changes in the blooming time will impact diseases like maize ear rots, which are brought on 

by viruses that infect plants during flowering (Menzel et al. 2020). 

Nutrition in maize is crucial for maximum yield. A large pohasn of agricultural fields across 

the world have an elemental deficit, which affects productivity and product quality. The 

plant's vascular system, root growth, confectionery transport, carbohydrate combustion, 

synthesis of nucleic acids, and pollen grain growth are all adversely impacted by an elemental 

deficit. On the other hand, excessive concentration in the plant destroys and lowers maize 

fertility and diminishes maize infusion. Chemical fertilizers are necessary for maize to 

provide high yields. Macronutrients are essential to plant nutrients and are required in high 

amounts, such as Nitrogen, phosphorus, and potassium. Unlike other critical elements like 

Sulphur, Potassium, Nitrogen, and Phosphorus, micronutrients are necessary for plant 

development but are required at much lesser levels. The maize plant cannot absorb additional 
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elements, including zinc, iron, copper, and magnesium, if N and P levels are too high or too 

low. The generated grains fill is in distorted condition brought on by a deficiency of 

components. The amount of these elements absorbed into the plant organs per ton of grain 

falls as yield per hectare increases. Once seed production starts, most of the nutrients are 

absorbed (Bojtor et al. 2022).  

2.3 Fertilization of Maize in Hungary 

One of the most significant crops for both human and animal consumption is maize. The 

main objective of cultivation is to increase output and productivity while preserving crop 

quality. As compared to prior years, there has been no change in the biology of nutrient intake 

and distribution in maize. Increased plant nutrient absorption and greater use of the soil's 

nutrient content can be linked to improved yields and biomass output in hybrids with the 

most recent genetic stock (Bojtor, Illés, et al. 2021). 

 The sufficient nutrient supply of maize has been evaluated using two distinct ways in 

agronomy research. The initial one is the examination of the entire plant at its early 

vegetative stage following the exhaustion of its nutritional stores in the seed. The ear-leaf 

analysis performed at the tasselling stage is the second one. The early whole plant sample 

approach enables supplementary nutrient replacement if the analysis reveals nutritional 

deficits. For nutritional adjustments of the plants during the Vegetative period, the ear-leaf 

sample is too late. During the ripening stage, nutrient concentrations may be predicted, and 

these values offer trustworthy information on the intake of each nutrient as well as on the 

nutritional balance between the various plant organs and between the soil-plant systems 

(Bojtor, Illés, et al. 2021). 

Using fertilizer effectively is essential for raising corn production. Particularly, nitrogen 

fertilizer is a crucial component since it significantly affects biomass and grain output owing 

to the growth and toughness of the leaf area. In the process of growing maize, nitrogen 

fertilizer can be more effective when applied at the right time, in the necessary amount and in 

the right way. The existing hybrid and the production site's Nitrogen needs to make it feasible 

to increase maize profitability to the maximum extent conceivable. At maize germination, 

nitrogen intake is at its lowest level. It then increases steadily until it reaches its maximum 

during silking. During the process of filling grains, nitrogen absorption and integration are 
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important. The grain is incorporated with 60% of the total nitrogen absorption. (Széles et al. 

2019). 

According to (Ricardo Carvalho et al. 2016), the administration of N boosts plant height by 

increasing the space between internodes and the height of internodes, which in turn increases 

the maize plant features such as the number of leaves per plant. As a result, applying N 

fertilizer can help increase the length, area of foliage, stem diameter, and wet and dry yields 

of maize. Nitrogen contributes to several key metabolic processes for plants, including the 

creation of proteins. It contains molecules like ATP, NADH, NADPH, storage proteins, 

nucleic acids, enzymes, cytochrome molecules, and chlorophyll. This demonstrates that 

Nitrogen is closely tied to the growth and production of plants. In addition, he reported that 

nitrogen fertilizer enhanced grain quality and raised the amount of protein and other nutrients, 

positively influencing the number of ears per crop and weight of ears as the weight of a 

thousand seeds grew in accordance with nitrogen dosages. 

Basal nitrogen dressing is best done in the spring in Hungary. However, part of the active 

Nitrogen given prior to sowing may vaporize or percolate into groundwater. This 

phenomenon occurs because young plants with underdeveloped root systems have a harder 

time accessing soil supplies. Applying the right quantity of spring basal and top dressing 

decreases nitrogen deficit, boosts nitrogen supply efficiency, boosts the cost-effectiveness of 

fertilizer delivery, enhances yield, and improves overall production efficiency(Bojtor et al. 

2022). The recommended nutrition for maize fields in Hungary is 28kg/t N, 11kg/t P, 30kg/t 

K, 8kg/t Calcium, and 3kg/t Magnesium. Organic manure has been reported to have a good 

effect.  

Climate has a big impact on how readily available and absorbed Nitrogen is. The increased 

nutrient content, more intense nutrient breakdown, and improved root nutrition absorption are 

all benefits of the hotter soil. The availability of Nitrogen is crucial to plant senescence and 

has a significant impact on the remobilization of various nutrients from vegetative to 

generative organs. Several micronutrients, including Fe, Mn, Cu, and Zn, are remobilized, 

and transported using nicotianamine-based chelates and other organic acids. The control of 

the synthesis of these nitrogenous chelates can be affected by the excess or lack of Nitrogen, 

which can be a modifiable component in this process (Bojtor, Illés, et al. 2021). Lack of N 

results in maize plants that are pale, yellowish green and have wiry stalks. Since Nitrogen is a 

nutrient that moves everywhere in plants, symptoms start on the older, lower-lying leaves and 
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move up on the crop if the shortage continues. On leaves, symptoms take the form of a V-

shaped yellowing that moves from the tip toward the leaf base along the midrib. An optimal 

and balanced feeding system of maize is critical and must be put in place to increase 

productivity and yield quality and quantity.   

2.4 Effect of Nitrogen on yield and yield components of maize 

A versatile crop, maize can grow in a variety of agroclimatic situations. It may be cultivated 

anywhere in the world, up to 3000 meters above mean sea level. Farmers choose the crop 

because it has the best potential for producing grains among all cereals, can be used for both 

food and fodder and can also be grown for income as well as for industrial raw materials(Sah 

et al. 2020). 

As the primary component of plant cells and a key component of the photosynthetic 

apparatus, optimal nitrogen supply plays a significant role in the growth characteristics of 

plants. The NUE of maize, which is negatively impacted by fertilizer leaching under the root 

zone and denitrification, is estimated at 33% globally.  

In agricultural productivity, Nitrogen is the most crucial necessary ingredient. Global food 

security has greatly benefited in recent decades using N fertilizer in the cultivation of cereals. 

Due to its role in photosynthesis along with other biological processes such xylem movement, 

vacuole storage, and mineral and water intake, Nitrogen is a vital nutrient for maize and a 

significant factor in determining grain output. Crop productivity and application of nitrogen 

rates, however, are not always positively correlated because too much N given to soil 

prevents plants from using it well, wastes resources, and is harmful to the environment. It is 

not beneficial for the sustainability of agricultural output to fertilize farmlands with excessive 

amounts of Nitrogen because this has many adverse consequences on the ecosystem 

worldwide. The quantity of N that is accessible to plants depends on the balance between the 

supply and losses of N due to processes such leaching, runoff, ammonia volatilization, extra 

gaseous N losses, and immobilization. This illustrates the complex interactions between the 

soil, plant, and atmosphere that control N availability and uptake by plants. The yield of crop 

plants often varies depending on the species or cultivars they are and the environmental 

factors to which they are exposed. In terms of these common traits of agricultural plants, the 

maize plant might not be an exception. When a higher dose of Nitrogen was administered, 

significantly more cobs per plant, cob length, cob girth, rows per cob, grains per cob, 1000 
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grain weight, and shelling percentage were produced. (Guo et al. 2022) (Zhai et al. 

2019)reported that the production of more assimilates, higher photosynthetic active leaf area 

and enhanced growth and development of crops were all outcomes of the proper 

administration of N fertilizer, which was advantageous for chlorophyll synthesis. 

(Qi et al. 2020) reported that reported that when the soil's nitrogen content rises, above-

ground maize biomass normally grows with it. However, above-ground biomass may decline 

if there is not enough nitrogen in the soil to meet crop demand. The capacity for maize to 

absorb N is also influenced by above-ground biomass production. In maize biomass, Nitrogen 

is divided into grain and Stover, with luxury N intake taking place when N supply is greater 

than what is necessary to provide the greatest grain yield. The main influencing factors on 

maize's capacity to absorb nitrogen are the moisture in the soil, the temperature, structure, 

and bulk density. Thus, sufficient N supply and absorption by maize are required for 

improvement in above-ground biomass production. 

The number of ears per unit area, the number of kernels per ear, and the weight of the kernels 

all depend on the soil's moisture, temperature, nutrition, and light status. These factors also 

affect grain production. Reduced N fertilizer usage resulted in a considerable reduction in the 

quantity and weight of maize kernels (Ran et al. 2016). The greater nutrient availability in the 

soil system is what causes the ear length to rise in response to nitrogen rates, allowing the 

maize plant to express its full yield potential and produce the longest ear under high nitrogen 

rates(Begizew, 2020). 

According to (Begizew, 2020), The increase in the number of kernels per ear in response to 

Nitrogen application rates may be explained by increased N availability in the soil, which 

plants need in large quantities both directly for growth and indirectly to make other nutrients 

necessary for seed germination and development, like phosphorus and potassium, available. 

Additionally, they noted that higher nutrient availability in the soil may be responsible for the 

rise in the number of kernels in response to nitrogen rates. This would allow plants to develop 

aggressively and produce totally viable huge ears with a lot of kernel rows on them. 

In addition, he observed that the thousand-grain weight is quantitatively growing with an 

increase in the N rate. Increased N application rates may have a favourable effect on maize 

development by raising the leaf area index and lengthening the grain-filling phase, which 

enables the grains to accumulate more photosynthetic assimilates. 
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CHAPTER THREE 

3.0 MATERIALS AND METHODS.  

3.1 Experimental site  

In 2022, a field experiment was performed in experimental plot owned by the Department of 

Agronomy, The Hungarian University of Agriculture and Life Sciences, Hungary, to examine 

the impact of Nitrogen levels on maize yield and yield components. This test location is 242 

meters above sea level (47046' N, 19021' E) in a mountainous region of the nation, in a 

climate zone with a near-average climate, with chernozem sandy loam and brown forest soil. 

The pH of the soil is acidic. The estimated annual precipitation in Hungary is between 400 

and 500 mm; the western regions are moderately moist than the eastern. Moisture distribution 

at planting was 100mm. The temperature was 20 at planting.  

3.2 Treatments  

Mouldboard plough was used to prepare the land and seedbed preparation was done with a 

combinator. With a density of 70,000 plants per ha1, the hybrid maize seed variety Margitta 

FAO 280 was sowed on May 5, 2022, using a Wintersteiger Plotman maize planter machine. 

Figure 1: Experimental site 
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A row distance of 75cm of maize was maintained during planting. Four inspection layouts 

with Ammonium nitrate as the source of Nitrogen were set at levels of T1 (0 kg/ha), T2 (80 

kg/ha), T3 (160 kg/ha), and T4 (240 kg/ha), each with a net area of 3M by 4M. Four 

replications with ten plants each made up each treatment. A randomized block design was 

used to administer the treatments. The treatments were subjected to the same standard 

agronomic procedures. 

3.3 Measurements  

At physiological maturity, the tagged plants were used to take measurements. Plant height, 

number of leaves, plant girth, leaf area index was measured and SPAD-502 was used to 

measure leaf chlorophyll concentration. The maximum number of cobs that could be 

harvested from each plot was noted at harvest. After threshing, cleaning, and sun-drying, 

seeds from tagged plants were collected per replication. Cob weight, the number of rows per 

cob, the number of grains per cob, and the grain yields per plot were computed. Data on grain 

quality, including moisture content, oil, protein, and starch contents, were collected using the 

Mininfra Grain Analyzer. 

 

Figure 2: Maize at experimentation stage 
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3.4 Data Analysis  

The influence of Nitrogen fertilization on grain production of corn and its components was 

investigated using one-way ANOVA of with a probability threshold of P ≤ 0.05. Using Post 

Hoc Comparison tests with the Least Significant Difference (LSD) at P ≤ 0.05, differences 

between treatment means were examined. 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

4.1 Effect of Nitrogen on plant height  

Data analysis showed that nitrogen levels had no significant impact on plant height in the 

groups of different nitrogen treatments, that is, 0 kg/ha, 80 kg/ha, 160 kg/ha, and 240 kg/ha. 

Although the highest application of Nitrogen had the tallest plants, no significant difference 

was recorded.  

Table 1: ANOVA table showing the effect of Nitrogen on plant height. 

ANOVA 

Source of Variation SS df MS F P-value F crit 

Between Groups 3757.4 3 1252.47 3.33398 0.02575 2.76943 

Within Groups 21037.33333 56 375.667 
   

       
Total 24794.73333 59         

 

Figure 3: Graph showing the effect of fertilizer application rates on plant height. 
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4.2 Effect of Nitrogen on the number of leaves 

Data analysis revealed that nitrogen levels significantly differed in the number of leaves. 

Averages in the data showed that increased nitrogen levels on the treatment increased the 

number of leaves. The plot with the highest amount of Nitrogen, 240 kg/ha, had the highest 

number of leaves, while the control recorded the lowest number of leaves. The plot with the 

highest nitrogen level recorded a mean of 12.53, while the control recorded 11.93. 

Table 2: ANOVA table showing the effect of Nitrogen on plant height. 

ANOVA 

Source of Variation SS Df MS F P-value F crit 

Between Groups 3.38333 3 1.12778 1.00566 0.39714 2.76943 

Within Groups 62.8 56 1.12143 
   

       
Total 66.1833 59         

 

 

Figure 4: Graph showing the effect of fertilizers on the number of leaves. 
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amount of foliage per plant is a crucial measure of plant growth. Similar results were reported 

by Tiwari et al. (2022), who said that application of 120 kg of Nitrogen per hectare may have 

boosted the interception, absorption, and use of radiant energy, which in turn, boosted 

photosynthesis and, ultimately, raised plant height and the number of leaves per plant. 

Comparable effects were also attained regarding the growth features of maize increased 

nitrogen and zinc application rate by (J. Singh et al. 2021), which showed that higher nitrogen 

availability promotes the maximal vegetative development of plants and produces more 

leaves. Nitrogen need for cell division explains how N supply affects leaf development (Liu 

et al. 2023). In the leaf growth zone, the control of N on cell replication and extension is 

connected to multiple metabolisms, producing additional leaves. 

4.3 Effect of Nitrogen on plant girth.  

Statistical analysis of plant girth data revealed that Nitrogen had significant differences in the 

diameter of maize plants. Application of Nitrogen at 240 kg/ha recorded the same mean as the 

control plot; however, 80 kg/ha and 16 0kg/ha recorded the highest diameter. This brought up 

the significant difference in plant girth and the mean was at par. Control and 240 kg/ha 

recorded a diameter of 1.7cm, while 80 kg/ha recorded a mean diameter of 1.8cm. 

Table 3: ANOVA table showing the effect of Nitrogen on plant girth. 

ANOVA 

Source of Variation SS df MS F P-value F crit 

Between Groups 0.2045 3 0.06817 1.19841 0.31879 2.76943 

Within Groups 3.18533 56 0.05688 
   

       
Total 3.38983 59         
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Figure 5: Graph showing the effect of fertilizer rates on plant girth. 
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Table 4: ANOVA table showing the effect of Nitrogen on SPAD value. 

ANOVA 

Source of Variation SS df MS F P-value F crit 

Between Groups 44.5556 3 14.8519 1.09675 0.36473 2.90112 

Within Groups 433.333 32 13.5417 
   

       
Total 477.889 35         

 

 

Figure 6: Graph showing the effect of fertilizer rates on SPAD values. 
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Although SPAD rose as the nitrogen application rate improved, it did not significantly 

increase after it exceeded 180 kg N/ha. 

4.5 Effect of nitrogen levels on leaf area index 

Nitrogen levels significantly affected the leaf area of maize plants, according to data analysis 

on the leaf area index. The data showed that increased nitrogen levels increased the leaf area 

index in maize plants. The treatment with the highest nitrogen application (240 kg/ha) 

recorded the highest mean value of 1.63 of the leaf area index. The control treatment recorded 

a relatively low mean, as observed in the data analysis.  

Table 5: ANOVA table showing the effect of fertilizer rates on leaf area index. 

ANOVA 

Source of Variation SS df MS F P-value F crit 

Between Groups 7.64569 3 2.54856 33.3948 1.64781 2.76943 

Within Groups 4.27371 56 0.07632 
   

       
Total 11.9194 59         

 

 

 

Figure 7: Graph showing the effect of fertilizer rates on leaf area index. 
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Treatments with fertilizer substantially impacted maize's leaf area index (P>0.05). Treatment 

with the highest nitrogen level recorded the greatest leaf area in maize plants. These results 

align with (Atnafu et al. 2021), who indicated that high levels of fertilizer treatment increase 

leaf area. He argued that after the administration of balanced and increased NPK fertilizer, the 

crop grew quickly, and the length and breadth of the leaves both rose significantly. Similar 

results were reported by (Gaire et al. 2020), who indicated that high Nitrogen levels cause 

plants' chlorophyll content to rise, impacting the proliferation of cells and tissues. (Ochieng’ 

et al. 2021) Suggested that the leaf area index grows as the nitrogen treatment rate increases 

because Nitrogen increases leaf area and the effectiveness of photosynthetic processes. The 

primary factor in boosting crop output is the leaf area index. The formation of greater above-

ground biomass with larger leaves generated by Nitrogen may cause an increase in the leaf 

area index. 

4.6 Effect of Nitrogen on yield and its components 

Data analysis on row number per cob and grain number per row showed significant treatment 

differences. On row number per cob, treatment with 80 kg/ha recorded the highest mean of 

22.6, followed by treatment with 240 kg/ha recording a mean of 19.8, 160 kg/ha recorded a 

mean of 18.8, with control recording the lowest standard of 17.7. Although the sequence did 

not follow from the highest level recording the highest mean, there were significant 

differences. The grain number per row recorded the same trend as the row number per cob. 

Treatment with 80kg/ha recorded the highest mean of 15.8, followed by 240 kg/ha with a 

mean 13.9 and 160 kg/ha recording a mean of 13.1. Control recorded the lowest mean of 13. 

Table 6: ANOVA table showing the effect of nitrogen rates on grain number/row. 

ANOVA 

Source of Variation SS df MS F P-value F crit 

Between Groups 44.5556 3 14.8519 1.09675 0.36473 2.90112 

Within Groups 433.333 32 13.5417 
   

       
Total 477.889 35         
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Figure 8: Graph showing the effect of fertilizer on grain number/row. 

Data analysis showed that nitrogen levels significantly affected grain number per row. It is 

attributed to the increase in sinks provided by adequate Nitrogen during the growth of maize. 

Higher nitrogen levels result in more grains per row since there is less competition for 

nutrients, which allows the plants to build more biomass and have a greater potential to turn 

more products of photosynthesis into sink. Similar results were reported by (Shahid et al. 

2016), who stated that increasing the number of grains per row may result from the Nitrogen 

being provided at the right do is crucial for cell division, tissue development, tissue 

development, and plant growth. During the early phases of crop growth, adding Nitrogen 

increased the number of cells and the volume per leaf, increased chlorophyll production, and 

increased plant biomass. The number of ears rose due to the rapid growth, enhancing 

yield(Hammad, Chawla, Jawad, Alhuqail, Bakhat, Farhad, Khan, Mubeen, Shah, Liu, 

Harrison, Saud, et al. 2022). (Rahman & Paul, 2016) agrees with the present study and 

indicates that the increase in grains per row could be because nitrogen fertilizer properly 

translocated starch and sugar in the grain. 

Table 7: ANOVA table showing the effect of nitrogen rates on row number/cob. 

ANOVA 

Source of Variation SS Df MS F P-value F crit 

Between Groups 118.306 3 39.4352 1.57872 0.21371 2.90112 

Within Groups 799.333 32 24.9792 
   

       
Total 917.639 35         
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Figure 9: Graph showing effects of fertilizer rates on row number/cob. 
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protein content. 80 kg/ha recorded the highest moisture and protein content and oil and starch 

content.  
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Figure 10: Graph showing the effect of fertilizer rates on starch content. 

 

Figure 11: Graph showing the effect of fertilizer rates on protein content. 

 

y = -0.0015x + 65.36
R² = 0.2195

64

64.2

64.4

64.6

64.8

65

65.2

65.4

65.6

0 100 200 300 400 500

St
ar

ch
 c

o
n

te
n

t

Fertilizer rates g.plot

Effect of fertilizer rates on starch content

y = 0.0007x + 6.5232
R² = 0.1071

6

6.2

6.4

6.6

6.8

7

7.2

7.4

0 100 200 300 400 500

P
ro

te
in

 c
o

n
te

n
t

Fertilizer rates g/plot

Effect of fertilizer on Protein content



31 
 

 

Figure 12: Graph showing the effect of fertilizer rates on oil content. 

 

Figure 13: Graph showing the effect of fertilizer rates on moisture content. 

N frequently causes maize crops to produce more grain, and this reaction is closely related to 

grain quality, such as the quantity of moisture, oil, protein, and starch in the grain. The 

current results contrast with this statement. However, the results align with (Omar et al. 

2022); the maximum oil content was produced by N treatment at 150 kg/ha. Studies have 

shown that higher N levels will raise maize's seed protein content. On the contrary, low N 

environments limit grain yield and quality, including moisture and protein concentrations. 
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CHAPTER FIVE 

5.0 CONCLUSION  

The effect of N fertilization on maize yield and quality was assessed in this study. The 

findings demonstrated that increased nitrogen application had little to no impact on the grain's 

quality, including the levels of moisture, oil, protein, and starch. However, there were notable 

effects on yield indicators. The best N application, between 80 and 160 kg/ha, out of the four 

used, may potentially boost the yield, showing that N treatment can generate better grain 

yields and higher protein and starch contents. Having the best nitrogen fertilizer rate will 

increase starch, protein, and oil content for the best nutritional value of maize. In addition, 

having the best fertilizer rates will reduce the negative impacts of nitrogen fertilizers such as 

leaching and affecting underground water. Recently there are Nitrogen designated zones in 

Europe which affect Hungary as well. The correct application of fertilizers will reduce more 

areas to be marked as nitrate-vulnerable zones thus increasing production while maintaining 

good environmental conditions. More research and analysis are needed to fully understand 

the effects of N application on maize production and quality; the findings will benefit both 

researchers and agricultural producers to apply the correct amount for high productivity with 

environmental sustainability. 
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Maize is an important crop in human nutrition, livestock feeding, biofuels and industrial uses. 

One of Hungary's main crops is maize. It is primarily utilized for human consumption, animal 

nutrition, and the manufacturing of ethanol, which is a fuel additive. With the increasing 

world population projected to strike nine billion by 2050 and with global production 

exceeding 2B metric tons, which is likely to increase in the future, placing pressure on the 

already worst situation, the crop is faced with a myriad of challenges not limited to salt 

intolerance, heat stress, nutritional deficiency, nutrient inadequacies, and drought impeding 

optimal global output. Nitrogen is one of the elements with the greatest impact on maize 

production and quality. Nitrogen’s function in photosynthesis and other biochemical 

processes, including mineral and water uptake, vacuole storage, and xylem movement, make 

it a crucial factor in determining grain production. 

In this research work, we aimed to investigate the effect of different levels of nitrogen 

fertilizers on yield and yield components of maize. To do this, a field experiment was 

conducted using ammonium nitrate as the source of Nitrogen with four different levels. The 

study was conducted at the agricultural experimental field Department of Agronomy of the 

Hungarian University of Agriculture and Life Sciences. Nitrogen was set at levels of T1 (0 

kg/ha), T2 (80 kg/ha), T3 (160 kg/ha), and T4 (240 kg/ha). Maize was planted on May 5th 
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2022, with 3m by 4m plots. Treatments were set up in a randomized block design. The 

treatments were subjected to the same standard agronomic procedures. 

Plant height, number of leaves, plant girth and leaf area index, were measured in the field. 

Cob weight, the number of rows per cob, the number of grains per cob, and the grain yields 

per plot were computed. One-way ANOVA was used to analyze the data, and LSD was used 

to separate the means. 

The results showed that different levels of Nitrogen significantly affected the yield and yield 

components of maize. Averages in the data showed that an increase in nitrogen levels on the 

treatment increased the number of leaves. The plot with the highest amount of Nitrogen, that 

is, 240 kg/ha, had the highest number of leaves, while the control recorded the lowest number 

of leaves. Application of Nitrogen at 240 kg/ha recorded the same mean as of  the control 

plot; however, 80 kg/ha and 160 kg/ha recorded the highest diameter. SPAD values showed 

that statistically, there were significant differences in different levels of Nitrogen applied to 

maize plants, Although the highest value was recorded when Nitrogen was applied at 

160kg/ha. The results showed that an increase in nitrogen levels increased the leaf area index 

in maize plants. The treatment with the highest nitrogen application (240kg/ha) recorded the 

highest mean value. There was a significant difference recorded in yield components of 

maize that is on row number per cob and grain number per row. Treatment with 80kg/ha 

recorded the highest mean in both. The findings show that grain moisture content, starch 

content, oil content and protein content are significantly influenced by nitrogen levels. 

80kg/ha recorded the highest moisture content and protein content, as well as oil content and 

starch content.  

Based on the findings we found out that the the best N application, between 80 and 160 

kg/ha, out of the four used, may potentially boost the yield, showing that N treatment can 

generate better grain yields and higher protein and starch contents. Having the best nitrogen 

fertilizer rate will boost starch content, protein content and oil content for the best nutritional 

value of maize. To maximize the effects of N application on maize production and quality, 

more investigation and evaluation are required; the results will be helpful to both researchers 

and agricultural producers. 
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APPENDICES 
 

Post Hoc Test 

Groups Pvalue/Ttest 

Average plant Girth plot 1 VS plot 2 0.18763361 

Average plant Girth plot 1 VS plot 3 0.273140597 

Average plant Girth plot 1 VS plot 4 0.94321214 

Average plant Girth plot 2 VS plot 3 1 

Average plant Girth plot 2 VS plot 4 0.097165353 

Average plant Girth plot 3 VS plot 4 0.193887836 

Appendix 1: Post Hoc Test comparing means group means of plots plant girth. 

 

Post Hoc Test 

Groups Pvalue/Ttest 

Average spad value 1 and 2 0.810401191 

Average spad value1 and 3 0.160742055 

Average spad value1 and 4 0.567261682 

Average spad value2 and 3 0.229759777 

Average spad value2 and 4 0.922841414 

Average spad value3 and 4 0.057081699 

Appendix 2: Post Hoc Test comparing group means of plots SPAD value. 

 

Post Hoc Test 

Groups Pvalue/Ttest 

Average plant height plot 1 VS plot 2 0.315875357 

Average plant height plot 1 VS plot 3 0.858483 

Average plant height plot 1 VS plot 4 0.02689345 

Average plant height plot 2 VS plot 3 0.125806513 

Average plant height plot 2 VS plot 4 0.035865219 

Average plant height plot 3 VS plot 4 0.002409324 

Appendix 3: Post Hoc Test of comparing group means of plots plant height. 
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Post Hoc Test 

Groups P value/Ttest 

Average leaf area index plot 1 VS plot 2 0.00014125 

Average leaf area index plot 1 VS plot 3 0.045484061 

Average leaf area index plot 1 VS plot 4 7.32563E-06 

Average leaf area index plot 2 VS plot 3 3.68901E-07 

Average leaf area index plot 2 VS plot 4 2.46248E-11 

Average leaf area index plot 3 VS plot 4 0.003049102 

Appendix 4: Post Hoc Test comparing groups means of pots leaf area index. 
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