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ABSTRACT 

The main objective of the study was to determine the effect of granule NPK fertilizer 

blended with S, Urea and (NH4)2SO4 fertilizer to improve the growth and yield 

performance of maize. The field research was carried out at two different sites in 2023 

during the major and minor cropping seasons from March to July and August to 

December, 2023 respectively at the Research field of the Akenten Appiah-Menka 

University of Skills Training and Entrepreneurial Development (AAMUSTED), 

Mampong Campus. The experimental design used for the two field studies was a 

Randomized Complete Block Design (RCBD), with five (5) treatments and each 

treatment was replicated four times. The treatments were; (i) Control (No fertilizer), (ii) 

Granule (70-50-50 kg/ha NPK) + Urea Granules, (iii) Granule (70-50-50 kg/ha NPK) + S 

+ (NH4)2SO4 Granules, (iv) Granule (90-60-60 kg/ha NPK) + Urea Granules and (v) 

Granule (90-60-60 kg/ha NPK) + S + (NH4)2SO4 Granules. The results showed that 

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules, Granule (70-50-50 kg/ha 

NPK) + 20S + (NH4)2SO4 Granules and Granule (70-50-50 kg/ha NPK) + Urea Granules 

enhanced the chemical properties of the soil as compared to the control plot. Granule (70-

50-50 kg/ha NPK) + Urea Granules had fewer days to 50% silking, days to physiological 

maturity and days to 100% maturity. Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 

Granules significantly enhanced vegetative growth of maize. Granule (90-60-60 kg/ha 

NPK) + 20S + (NH4)2SO4 Granules and Granule (90-60-60 kg/ha NPK) + Urea Granules 

recorded significantly heavier grain weight per plot and higher grain yield than the control 

and the other rates of granule NPK fertilizer. Apart from the control treatment (no 

fertilizer), all the other four treatments produced a significant benefit to cost ratio. It is 

therefore recommended that farmers should use Granule (90-60-60 kg/ha NPK) + 20S + 

(NH4)2SO4 Granules and Granule (90-60-60 kg/ha NPK) + Urea Granules for heavier 

grains and more yield and benefit over the control. 
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CHAPTER ONE: INTRODUCTION 

1.0  

1.1 Background of the Study  

Maize is an important staple crop in Africa and the foremost commercial cereal in Ghana. As 

a food crop, it is produced to meet increasing urban and rural consumer demand in food-deficit 

areas of the country. According to Galani et al. (2022) about twenty-four food items are 

prepared from maize, and maize-based food accounts for 10.8% of total food expenditures by 

all households. Maize (Zea mays L.) also known as, corn is a widely cultivated cereal grain 

that holds significant importance in Ghana's agricultural sector (Adu et al., 2021). It serves as 

a staple food for a large portion of the population and plays a crucial role in the country's food 

security (Tacoli, 2020). Ghana's maize production has experienced notable growth over the 

past few decades, driven by several factors (Amponsah et al., 2021). Favourable climatic 

conditions, particularly in the northern regions of Ghana, provide suitable environments for 

maize cultivation (Ahmad et al., 2020). Additionally, government initiatives aimed at 

promoting agriculture, such as the provision of improved seeds and fertilizers, have 

contributed to increased yields (Prah et al., 2023). Maize production in Ghana primarily 

involves smallholder farmers who cultivate the crop on relatively small landholdings (Appiah-

Twumasi et al., 2020). However, commercial maize farming is also practised on a larger scale, 

particularly by agribusinesses and large-scale farmers (Htoo, 2023).  

To ensure sustainable maize production, farmers in Ghana employ various practices, including 

crop rotation, intercropping, and the use of organic fertilizers (Marfo et al., 2021). These 

practices help maintain soil fertility, reduce pest and disease incidence, and enhance overall 

crop productivity (Saha and Bauddh, 2020). Maize (Zea mays L.) is the principal staple crop, 

produced and consumed by most farming households in Ghana (Atiah et al., 2022). 

Smallholder resource-poor farmers under rain-fed conditions produce it predominantly 

(Bekuma et al., 2022). The crop is well-adapted and grows in most of the ecological zones of 

Ghana including the northern savannah. It provides a major source of calories in many parts 
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of Ghana (Derbile et al., 2022). It has nearly replaced traditional staple crops like sorghum 

and pearl millet in northern Ghana. An average maize grain yield on farmers’ fields is about 

1.7 t/ha as against an estimated achievable yield of about 6.0 t/ha (Ajayi et al., 2021). The 

major limiting factors to maize production in Ghana include drought during critical early 

stages of crop growth, low soil nutrient levels (particularly nitrogen and phosphorus), striga, 

and pest and disease infestations (Marfo-Ahenkora, 2020). According to Obour et al. (2022), 

other limitations to maize production include poor management practices such as low plant 

populations, inappropriate planting time, inadequate control of weeds, lack of credit, limited 

use of inputs (especially, fertilizer and improved seeds) as well as untimely application of 

adequate quantities of fertilizers, inadequate drying and storage facilities leading to high post-

harvest losses and poor market access. 

One of the major steps towards improving maize productivity in Ghana is the provision of 

extension advice by agricultural extension agents to farmers on good agronomic practices of 

maize during production, hence the need to compile a production guide for the crop (Tembo 

et al., 2023). This production guide therefore provides simplified good agricultural practices 

for maize production in more diverse areas of the country (Santpoort, 2020). Maize therefore 

has a high potential to address critical food security problems and could play a key role in any 

future strategy to reverse Africa's declining trend in per capita food production (Hossain et al., 

2020). The strong dependence on maize as a food and cash crop in Ghana is however of great 

concern and requires considering effective adaptation options to reduce potential negative 

impacts of climate change since much of the maize production is rain fed and its output is 

directly influenced by weather patterns. In addition, the savanna and forest-savanna 

transitional zones of Ghana, where most of the maize is produced, fall under the agro-climate 

regimes, that will likely be most impacted by climate change (Ankrah et al.,2023). According 

to Awunyo & Sackey (2018), the agricultural sector drives the social and economic 

development of Ghana and climate variability and climate change could pose a significant 
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challenge to food security. Maize (Zea mays L.) is the most important cereal crop in sub-

Saharan Africa (Food and Agriculture Organizations [FAO], 2005). Maize has been cultivated 

in Ghana since it was introduced in the late 16th century and attracted the attention of 

commercial farmers (Marfo-Ahenkora, 2020). However, it never achieved the economic 

importance attained by traditional plantation crops, such as oil palm and cocoa (Parveez et al., 

2020).  

According to Lu et al. (2022), over time, the eroding profitability of many plantation crops 

served to strengthen interest in commercial food crops. on smallholder farms, the use of 

organic inputs has great potential for improving soil productivity and crop yield, but their 

bulkiness, low nutrient content and slow nutrient release make their use less convenient 

(Biramo, 2018). At high levels of maize grain yield, organic inputs are likely to be insufficient 

and must be supplemented with inorganic fertilizers (Miner et al., 2020).  

Ghana is a major exporter of maize in Africa. In 2021, the country exported around 1.2 million 

metric tons of maize, making it the second-largest exporter of grain on the continent after 

South Africa (Agyei-Sasu, 2023). The main export markets for Ghanaian maize include 

neighbouring countries such as Burkina Faso, Togo, and Benin, as well as more distant markets 

such as Nigeria, Senegal, and Côte d'Ivoire (Pitigala and Lopez-Calix, 2021). Ghana's maize 

exports have been growing steadily in recent years, driven by increased production and 

demand from neighbouring countries. The country has also benefited from favourable weather 

conditions, improved infrastructure and reduced transportation costs, which have helped to 

increase the competitiveness of Ghanaian maize in regional markets (Abokyi et al., 2020). 
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1.2 Problem Statement and Justification 

Fertilizer application is a crucial aspect of maize cultivation, as it provides essential nutrients 

for optimal growth and yield (Itelima et al., 2018). However, according to Gao et al. (2020), 

several challenges can arise during the application process, affecting the effectiveness and 

efficiency of fertilization. one primary challenge lies in determining the appropriate fertilizer 

type and dosage. Maize requires a balanced supply of nutrients, including nitrogen, 

phosphorus, potassium, and other micronutrients (Sinha & Tandon, 2020). Selecting the right 

fertilizer blend and calculating the optimal application rate based on soil conditions, crop 

growth stage, and environmental factors is essential to avoid nutrient deficiencies or 

imbalances (Nawar et al., 2017; Wortmann et al., 2017) 

Another challenge is related to the timing and method of fertilizer application. Split 

application, where fertilizers are applied in multiple doses throughout the growing season, is 

often recommended to synchronize nutrient availability with crop demand and minimize 

nutrient losses. However, determining the optimal timing and frequency of application 

requires careful consideration of weather conditions, soil moisture, and crop growth stages 

(Davies et al., 2020). 

Furthermore, the reports of Tyagi et al. (2022) and Shanmugavel et al. (2023) suggests that 

the application method itself can pose challenges. Broadcasting, where fertilizers are spread 

over the field, is a common practice, but it can result in uneven distribution and nutrient losses 

due to factors like wind and water runoff. Localized application methods, such as banding or 

side-dressing, can improve nutrient uptake efficiency, but they require specialized equipment 

and increased labour. 

In addition, the management of fertilizer application about other agronomic practices is crucial 

(Shah et al., 2021). Factors such as irrigation, crop rotation, and pest control can influence 

nutrient availability and utilization. Integrated nutrient management approaches, which 
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combine organic and inorganic fertilizers with other sustainable practices, can help optimize 

fertilizer use and minimize environmental impacts. 

Blended basal fertilizer is a type of fertilizer that combines multiple essential plant nutrients 

in a single product. It is designed to provide a balanced and comprehensive nutrient supply to 

crops during the early stages of growth, particularly at the time of planting or transplanting 

(Qin et al., 2018; Xu et al., 2020). 

Blended basal fertilizers typically contain a combination of macronutrients, such as nitrogen 

(N), phosphorus (P), and potassium (K), along with secondary nutrients like calcium (Ca), 

magnesium (Mg), and sulphur (S). The proportions of these nutrients vary depending on the 

specific formulation and crop requirements (Gebeyehu, 2024; Kihara et al., 2017). The 

primary advantage of using blended basal fertilizers is their convenience and efficiency (He et 

al., 2023). By combining multiple nutrients in one product, farmers can apply all the necessary 

nutrients in a single application, reducing the need for multiple fertilizer applications and 

saving time and labour. Blended basal fertilizers are commonly used in various agricultural 

practices, including field crops, horticulture, and turf management (Yilmaz, 2019). They 

provide a controlled and balanced release of nutrients, ensuring that plants have access to the 

essential elements they need for healthy growth and development. It is important to note that 

the specific composition of blended basal fertilizers can vary based on regional soil conditions, 

crop types, and specific nutrient requirements (Gebeyehu, 2024). Therefore, it is always 

advisable to consult with local agricultural experts or soil testing results to determine the most 

appropriate blended basal fertilizer for your specific needs. Blended basal fertilizers, on the 

other hand, are less prone to leaching and runoff, reducing the risk of environmental 

contamination. 

1.3 Objective of the Study  
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The main objective of the study was to determine the effect of granule NPK fertilizer blended 

with Sulphur (S), Urea and Ammonium sulphate [(NH4)2SO4] fertilizers on the growth and 

yield performance of maize. 

1.3.1 Specific Objectives 

The specific objectives were to: 

1 Evaluate the effect of granule NPK fertilizer blended with S, Urea and (NH4)2SO4 

fertilizer on soil physical and chemical properties. 

2 Assess the effect of granule NPK fertilizer blended with S, Urea and (NH4)2SO4 

fertilizer on growth and yield of maize. 

3 Determine the profitability of combined use of granule NPK with S, Urea and 

(NH4)2SO4 fertilizer on yield of maize.   



7 

CHAPTER TWO: LITERATURE REVIEW 

2.0  

2.1 Origin and Distribution  

Maize (Zea mays L.) belongs to the family Gramineae and it is believed to have originated 

from Central/Southern America, from where it spread to the Tropics. Maize was domesticated 

in Southern Mexico around 4000 BC. It was first introduced into Africa in the 16th Century 

and was reported for the first time in West Africa in 1498 by the Portuguese (Bonavia, 2013). 

Maize has an extremely wide distribution. It is grown from latitude 580 N in Canada and 

Russia, throughout the tropics, to latitude 420 S in New Zealand and South America, and in 

areas below sea level in the Caspian Plain up to areas as high as 3800 m in Bolivia and Peru. 

It is grown in all countries of Africa, and from sea-level to the mid and high altitudes of East 

and Central Africa (Wang et al., 2020). 

Archaeological and botanical evidence indicates that maize was domesticated and in existence 

in central Mexico by 5000 BC. 

The earliest dated remains are cobs discovered in Puebla state, Mexico (Jaenicke-Després et 

al., 2016). These cobs were from a very primordial maize race, possibly an intermediate 

between teosinte and all-encompassing maize races. The plants were more maize-like than 

teosinte-like, and the cobs were non-shattering and had either four or eight clusters of kernels. 

These cobs are similar to teosinte cobs. These cobs are also comparable to the majority of 

primitive stable biotypes or races of maize that are cultivated in western Mexico. Maize culture 

expanded throughout central and southern Mexico, reaching northern Chile by 2700 BC and 

New Mexico by 1200 BC. Maize culture was introduced to the Old World by Columbus in 

1493 and subsequently spread to the majority of the eastern hemisphere within a century. 

Maize's antiquity in India is not confirmed (Kalleshwaraswamy et al., 2018). It is generally 

accepted that the Portuguese introduced it to India from Europe during the early sixteenth 

century (Carvalho, 2020). In pre-Columbian periods, there is no evidence of its existence on 

the Indian plains. Watt (Kumari et al., 2022) suggested that the vernacular names for maize 
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did not provide any insight into the history of maize in India. The most frequently encountered 

name, makai or Makka, which translates to "Mecca," implies that it was introduced from 

outside of India. 
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2.2 Botany 

Maize (Zea mays L.) is classified within the tribe Tripsaceae (Maydeae) of the family 

Gramineae. It is a tall, determinate annual plant that produces broad, thin, opposite leaves, 

approximately one-tenth as wide as they are long, arranged alternately along a strong stem. 

The maize stem is upright, cylindrical, ranging from 50 cm to 3 meters in height, and 2-3 cm 

in thickness (Bilgili et al., 2023). It has loose parenchyma and features distinct nodes and 

internodes. The leaves develop alternately on opposing sides of the stalk. They possess 

diminutive hairs and the leaf count ranges from 10 to 20 (Oguchi, 2018). The top leaves of 

corn are primarily responsible for light interception and significantly contribute to the 

production of photosynthate for grain. 

The root system is robust and fibrous, extensively infiltrating the soil. The maize caryopsis 

germinates via a single embryonic root, subsequently producing seedling or seminal roots. The 

primary role of seminal roots is to provide the maize plant with water and nutrients during the 

initial 2-3 weeks of growth before the nodal roots mature and become operational. The seminal 

roots are subsequently supplanted by permanent adventitious (nodal) roots that emerge from 

the crown located at the end of the mesocotyl. The lateral roots extensively branch, spreading 

broadly and penetrating deeply (Doll, 2019). The majority of maize roots are contained inside 

the 30 cm soil layer. In addition to these roots, 'prop or brace roots' often emerge from the 

lowest aerial nodes of the stem. Upon contacting the soil, they extend their branches and 

contribute to the nourishment of the maize plants; nonetheless, their primary role is to prevent 

the plants from lodging (Duque & Villordon, 2021). 

The defining characteristic of maize is the sexual differentiation within its floral structures. 

Maize generates male inflorescences (tassels) that are located at the stem apex, and female 

inflorescences (cobs or ears) that emerge from the apex of condensed lateral branches in the 

leaf axils (Rajoo et al., 2021). The male (staminate) inflorescence, characterized as a loose 

panicle, generates pairs of free spikelets, each containing one fertile and one sterile floret. The 
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female (pistillate) inflorescence, characterized as a spike, generates pairs of spikelets on the 

surface of a densely condensed rachis (Yathish et al., 2020). Each female spikelet has two 

viable florets, one of which will develop into a maize kernel upon successful fertilization by 

wind-dispersed pollen (Rajoo et al., 2021). 

2.3 Uses and Nutritional Value  

Maize is a principal crop in Ghana, constituting over 50% of the nation's grain output and 

serving as a vital food supply. It moreover supplies animal and poultry feed and is used for 

other non-food goods, including matchsticks and biofuel. Maize serves as a source for the 

production of starch, syrup, dextrose, oil, gelatin, lactic acid, and other derivatives. Corn flour 

serves as a thickening ingredient in the creation of various foods, including soups, sauces, and 

custard powder. Corn syrup serves as an ingredient in confectionery products. Corn sugar 

(dextrose) is utilized in medicinal formulations as a sweetening component in soft drinks, 

among other applications. Corn gel, due to its moisture-retaining properties, serves as a 

bonding ingredient for ice cream cones and a dry dusting agent for baked goods (Helstad, 

2019).  

The elevated carotene concentration in yellow maize is seen highly beneficial for imparting a 

yellow hue to egg yolk and a yellow tint to milk. No other concentration has yet been identified 

as a replacement for maize in this regard. The maize cob, the core rachis to which the grains 

are affixed, remains as agricultural waste post-threshing; it has several significant agricultural 

and industrial applications (Mboya, 2020). It constitutes around 15 to 18% of the total ear 

weight and comprises 35% cellulose, 40% pentose, and 15% lignin. Their applications in 

agriculture encompass use as poultry litter and as a soil amendment. 

AliAkbari et al. (2021) indicate that the industrial applications of ground corn cob powder, 

due to its physical properties, include its use as fillers in the production of explosives, plastics, 

adhesives, rayon, resin, vinegar, and synthetic leather, as well as diluents and carriers in 
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insecticide and pesticide formulations. Due to their chemical qualities, processed cobs are 

utilized in the production of furfural, fermentable sugars, solvents, liquid fuels, charcoal gas, 

and other chemicals by destructive distillation, as well as in the manufacturing of pulp, paper, 

and hardboards. The water utilized for soaking maize grains in glucose production is employed 

for cultivating penicillin molds (Selim et al., 2021). 

Approximately 1,400 calories are present in 100 grams of maize on a dry weight basis, which 

is sufficient to maintain equilibrium. Additionally, this energy is employed to perform a 

diverse array of physiological functions. Maize or corn can be ingested as a source of energy 

in the form of breakfast cereals, such as cornflakes, chapattis, and tortillas. Maize is also rich 

in fat, which facilitates the transportation of fat-soluble vitamins A, D, E, and K. The texture 

and aroma of food are primarily determined by the fat content of maize or corn. As a result, it 

enhances the perception of flavor. Subcutaneous fat, also referred to as subcutaneous fat, 

serves as an efficient heat-insulator for the body. Furthermore, adipose content functions as a 

body reservoir for energy conservation (Schnetzler, 2018; Rachkeeree et al., 2018; Mordenti 

et al., 2021) (Table 2.1).  
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The human digestive enzyme system is unable to hydrolyze or metabolize the portion of food 

that is derived from plant cells which is referred to as dietary fiber. Dietary fiber is the second 

most significant component of maize, following lipids (Raigond et al., 2015; Dhital et al., 

2017). However, specific microorganisms in the large intestine have the ability to degrade 

components of fiber-releasing products, which can be absorbed by the body and utilized as an 

energy source. Crude fiber is the residue that remains after the treatment with heated sulphuric 

acid, alkali, and alcohol (Mehta et al., 2018). The polysaccharide cellulose, which is also a 

constituent of dietary fiber, is the primary constituent of crude fiber. Insoluble fibers are water-

insoluble and indigestible, while soluble fibers are water-soluble and indigestible. Total fiber 

is the sum of soluble and insoluble fibers. Dietary fiber is extracted and isolated from a 

synthetic fiber that has been scientifically proven to have health benefits. Furthermore, 

resistant starch serves as dietary fiber. Total fiber is the sum of dietary fiber and functional 

fiber (Surampudi et al., 2016). The influence of fiber on the gastrointestinal tract is contingent 

upon the fiber's characteristics, particle size, interaction with other dietary components, and 

Table 2. 1: Nutritive Value of Proximate Content of Maize, Dried Zea mays 

Essential amino acids Conditionally 

essential amino acids 

Non-essential amino acids 

Amino acids 
Nutritive 

value 

Amino 

acids 

Nutritive 

value 
Amino acids 

Nutritive 

value 

Histidine 2.70±0.21 Arginine 4.20±0.24 Alanine 7.73±0.46 

Isoleucine 3.67±0.22 Cysteine 1.55±0.14 Asparagine  

Leucine 12.24±0.57 Glycine 3.27±0.15 Aspartic acid 6.55±0.59 

Lysine 2.64±0.18 Proline 7.88±0.71 Glutamic acid 
19.39± 

0.70 

Methionine 2.10±0.17 Tyrosine 3.71±0.18 Glutamine  

Phenylalanine 5.14±0.29   Serine 4.58±0.44 

Threonine 3.23±0.29   Selenocysteine  

Tryptophan 0.57±0.12   Pyrrolysine  

Valine 5.41±0.71     

Source: Bathla et al. (2020) 
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bacterial flora. Furthermore, the cell wall of the constituent in maize contains a significant 

quantity of insoluble fiber.  

The physiological effect of the insoluble fiber present in maize or corn is to prevent 

constipation, diverticulitis, and perhaps even cancer of the large intestine. The daily energy 

requirements of humans are met by maize, which is also regarded as a nutrient booster due to 

its presence of carbohydrates, lipids, proteins, and insoluble fibers (Risso et al., 2023).  

The 8-11% of protein content in maize is composed of proteins such as albumin, globulin, 

nonnitrogen substance, and prolamin. Additionally, maize's protein quality is influenced by its 

genotype and agronomic practices. Corn's protein quality is inferior to that of other cereal 

carbohydrates, including wheat, barley, and rice. Rai et al. (2018) have conducted recent 

research that has shown that genetic modification can improve the protein composition of 

maize. Zein is the maize protein that is deficient in the essential amino acids tryptophan and 

lysine. The opaque-2 gene is also beneficial for enhancing the protein quality of maize and 

reducing the concentration of zein by up to 30%. The protein content of maize is essential for 

the growth and maintenance of tissues, the formation of essential body compounds, the 

transport of nutrients, the regulation of water balance, the maintenance of an optimal pH, 

defense, and detoxification (Dhaliwal et al., 2022).  

The primary component of maize grain is starch, which contributes over 70% of the cereal 

kernel's weight. The starch in maize is primarily composed of two glucose polymers, with 

amylose accounting for 30% of its starch content. The remaining 70% is composed of amylose 

pectin. According to Bathla (2019), waxy maize is entirely composed of amylopectin. Maize 

is characterized by a branch-like structure as a result of its pectin content. Glucose and fructose 

constitute the monosaccharide of maize, while a small amount of sucrose is present in the 

disaccharide. The sugar and starch contents of maize are illustrated in Table 2.2.   
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Table 2. 2: Starch and Sugar Content in Maize 

2.4 Climatic and Soil Requirements 

Maize is adapted to a wide range of environments, but it is a crop of warm regions where 

moisture is adequate. Maize is generally less suited to semi-arid or equatorial climates, 

although drought-tolerant cultivars adapted to semi-arid conditions are now available (Prasad 

et al., 2020). The crop requires an average daily temperature of at least 200 C for adequate 

growth and development; the optimum temperature for growth and development is 25-300 C; 

temperatures of above 350 C reduce yields. Frost is not tolerated. Maize requires abundant 

sunlight for optimum yields. The time of tasselling is influenced by photoperiod and 

temperature; maize is considered as a quantitative short-day plant. Maize is less drought- 

resistant than sorghum, pearl millet and finger millet (Prasad et al., 2020).  

In the tropics, it does best with 600-900 mm well-distributed rainfall during the growing 

season (Alameraw, 2020). It is especially, sensitive to drought and high temperatures around 

the time of tasselling (Waqas et al., 2021).  

Maize can be grown on wide range of soils, but performs best on well-drained, well-aerated, 

deep soils containing adequate organic matter and well supplied with nutrients. The high yield 

of maize is a heavy drain on soil nutrients and maize is therefore, often grown as a first crop 

in rotation. It can be grown in a pH of 5-8, but 5.5-7 is optimal. It does not tolerate water 

logging and is sensitive to salinity (Jaidka et al., 2019; Ndunguru, 2015).  

S/N Nutrient Nutritive Value 

1.Total available CHO 61.01 ± 0.76 

2.Total starch 59.35±0.83 

3.Fructose 0.16±0.03 

4.Glucose 0.80±0.01 

5.Sucrose 0.70±0.03 

6. Total free sugars 1.66±0.04 

Source: Bathla et al. (2020)  
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2.5 Varieties 

2.5.1 Obatanpa 

The type of variety of Obatanpa maize is Open Pollinated Variety (OPV), it has a maturity 

period of 110days and its potential yield is estimated at 4.6 t/ha. The seed colour is white and 

its days to 50% silk is 5, the average plant height is 175 cm, ear height 80 cm, the colour of its 

tassel is cream purple. The tassel arrangement is open and alternate with purple silk color and 

green with shade stem color. Obatanpa has an average of 15.2 cm cob length, 4.8 cm cob 

diameter, 1.3 cm of kernel dent with straight arrangement. It is well known as quality protein 

maize (QPM). It is also excellent for enhanced nutrition and health of humans, poultry and 

livestock. 

2.5.2 Mamaba 

Type of variety is three-way cross hybrid, it has 110 days maturity period and its potential 

yield is 6.5 t/ha. The seed colour is white, and has 51 days to 50%. The plant height is 187cm 

with 89 cm ear height, cream with purple shade tassel colour. The tassel arrangement of 

Mamapa maize variety is mid-open and alternate with purple silk colour. Stem colour is 

greenish with about 18.9 cm, and 4.5 cm cob diameter, 1.2 cm kernel depth and flint type and 

straight arrangement. Excellent for enhanced nutrition and health of humans and it is drought 

tolerant. 

2.5.3 Dadaba 

Dadaba is also a three-way cross hybrid type, with 110 days maturity. The potential yield of 

Dadaba maize is 6.5 t/ha. The seed colour is white with average days 50% silking to be 51 and 

plant height of 187 cm with 89 cm ear height and cream with purple shade tassel colour. The 

tassel arrangement is mid-open and alternate, silk colour is purple and with green stem colour, 

18.9 cm cob length, 4.5 cm cob diameter, and kernel arrangement: is straight with flint type. 

It is excellent for enhanced nutrition and health of humans drought tolerant. 



16 

2.5.4 CSIR-Abontem 

This variety is OPV, the maturity period ranges from 75 to 80 days with a potential yield of 

4.7 t/ha. It yellow seeds, 54 days to 50% silking, 162 cm height, 82 cm ear height and creamy 

purple shade tassels. The tassel arrangement of CSIR-Abontem maize is open and alternate 

with purple silks, green with purple shade stem, 15.5 cm cob length, 4.4 cm, 4.4cm cob 

diameter, 1.1 cm kernel depth with straight arrangement and flint or dent type. This variety is 

good for feed poultry and livestock. 

2.5.5 CSIR-Omankwa 

It is also OPV and has a maturity period of 90 days. Its potential yield is estimated at 5.0 t/ha, 

with white seeds, 54 days to 50% silking and an average plant height of 182 cm, 91 cm ear 

height, purple shade tassels, open and alternate tassel arrangement, purple silks, green with 

purple shade stem, and a cob length of 15.7 cm, 4.5 cm cob diameter, kernel depth of 1.2 cm 

and kernel arrangement to be straight and flint or dent type. 

2.5.6 CSIR-Etubi 

CSIR-Etubi is also a three-ways cross hybrid with a maturity period of 110 days. Its potential 

yield is estimated at 6.5 t/ha. It has white seeds, 54 days to 50% silking, 188 cm plant height, 

95 cm ear height, cream-coloured tassels, open and alternate tassel arrangement silks with 

purple colour. It has greenish stem and 15.8 cm cob length, 4.0 cm cob diameter and kernel 

depth of 1.2 cm, kernel arrangement is straight and flint type. CSIR-Etubi is Excellent for 

enhanced nutrition and health of humans. Drought and Lodging resistant. Good 

Synchronization between single cross parent and inbred lines. 

2.5.7 Opeaburo 

Opeaburo is a maize variety developed in Ghana, known for its resilience and suitability for 

local farming conditions. Opeaburo is bred to withstand dry spells, making it ideal for regions 



17 

with erratic rainfall. It typically matures within 80 to 85 days, allowing for quicker harvests 

and flexibility in crop rotation. It produces substantial vegetative growth, which can be 

beneficial for fodder or soil enrichment. While not always the highest-yielding, Opeaburo 

performs well under both optimal and stressed conditions, it shows strong ear development, 

which contributes to its overall productivity. 

2.6 Production Estimates 

The trend suggests that the developing world will require more maize than the industrialized 

world as a result of population growth and urbanization, despite the fact that the industrialized 

world still produces and consumes more maize. By 2050, the demand for maize in the 

developing world will double, and the maximum level of maize production in the developing 

world will occur in 2025. It is estimated that 140 million hectares of maize are cultivated 

globally, with 96 million of those hectares situated in developing countries (Erenstein et al., 

2022). However, only 46% of the world's maize is produced in developing countries. The 

considerable disparity between the global share of land and the global share of agricultural 

output is believed to be a result of the low average yield in the developing world. According 

to the Food and Agricultural Organization, the global average maize production is 4 t/ha; 

however, the average yield in Africa is only 1.7 t/ha. The average yield of agricultural fields 

in Ghana is approximately 1.6 t/ha. The yields of the US agricultural system are 65 percent 

greater than the global average. The disparity in crop yields between the developed and 

developing nations is primarily due to the vast differences in agricultural techniques and 

climatic conditions.  

In Ghana, the overwhelming majority of rural households in every region of the country, with 

the exception of the savannah zone, cultivate maize. It is frequently cultivated in a system that 

includes other cereals (sorghum, millet) and legumes (groundnut, cowpea) (Macauley & 

Ramadiita, 2015). In Ghana, as in other African countries, maize is cultivated by both men 
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and women. Maize is the primary staple meal in agricultural regions of Ghana. The majority 

of maize is converted into indigenous dishes and ingested directly by humans. It is an essential 

source of nutrition for infants (Rouf-Shah et al., 2016). It is frequently administered to 

weaning children in lieu of protein supplements, such as milk, eggs, or legumes, which are 

more costly. It is also a critical industrial raw material and an ingredient in animal nutrition. It 

is a significant feed ingredient for livestock and poultry. Maize is ingested in Ghana in a variety 

of ways. In the northern region, it is typically consumed as a thick porridge, comparable to the 

way sorghum and millet are consumed. In the southern region, it is frequently used to prepare 

porridges and other solid foods that are prepared with fermented or unfermented dough. 

2.7 Crop Propagation 

Maize is propagated by seeds and direct sowing is common. Sowing is preferably done early 

in the season, as soon as soil conditions and temperature are favourable and rain is well 

established. Small holders plant maize by hand while mechanical planting is practised on large 

commercial farms (Santos et al., 2019; Nurk et al., 2017).  

Planting may be done on hills or in rows, on flat land or on ridges. The land may also be 

ploughed and harrowed before planting on commercial farms. The usual depth of ploughing 

is 8-10 cm and ploughing is done just before or at planting time. The seed rate is up to 25 

kg/ha in sole cropping, and 10-15 kg/ha in intercropping. Seed is dropped in the plough furrow 

or in holes made with a planting stick, cutlass or hoe. 

When maize is sown in rows, the spacing is usually 75-90 cm between rows and 25-50 cm 

within the rows with 1-3 seeds per hole, resulting to a plant density of 40,000-80,000 plants/ha. 

The sowing depth is commonly 3-8 cm, depending on soil conditions and temperature. 

Sometimes animal manure or fertilizers are applied at the time of planting (Simachew, 2020). 

Maize may be grown as a sole crop or an inter-cropping with other food crops such as common 

bean (De-Ron et al., 2018), cowpea (Biruk et al., 2021), pigeon pea (Saidia et al., 2019), 
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groundnut (Okpanachi et al., 2022) and yam (Udom et al., 2019). In some parts of tropical 

Africa maize is planted twice a year. In areas where the rainy season is shorter, the crop is 

planted only once, although a second planting is possible under irrigation, on residual moisture 

on heavy soils or on hydromorphic soils.  

2.8 Cultural Practices 

Maize is very sensitive to weed competition during the first 4-6 weeks after emergence and 

weed control are very important. Weeding is mostly done by hand, requiring at least 25 man-

days/ha. Chemical weed control is gaining importance in tropical Africa, because hand 

weeding is time-consuming and expensive as a result of increase scarcity of labour (Kumar et 

al., 2015). Most maize production in tropical Africa is rainfed. Occasionally it is grown on 

bunds in irrigation schemes. Maize usually responds well to fertilizers. A maize crop yielding 

2 t grains and 5 t stover per ha removes 60kg N, 10kg P and 70 kg K per ha from the soil. 

Nitrogen uptake is slow during the first month after planting, but increases to a maximum 

during formation of the inflorescences. Maize has high demand for nitrogen, which is often 

the limiting nutrient and should be applied in 2 doses; the first dose at planting or 2-3 weeks 

after emergence and the second about 2 weeks to tasselling. is not easily taken up by maize 

but many tropical soils are deficient in available phosphate. It is advisable to apply organic 

manure before ploughing to improve upon soil structure and supply nutrients. 

Smallholder farmers in tropical Africa apply little or no fertilizer to the maize crop. When they 

do, it is usually only once, about 4 weeks after planting when the crop is knee high. Maize is 

grown in rotation with groundnut, common bean, cowpea, cotton and tobacco (Ichami et al., 

2019; Baijukya et al., 2020). Rotation with soya bean is gaining popularity (Du et al., 2018), 

it increases maize yields by providing nitrogen and by reducing insects or pest’s attack.  

In the United States maize is often grown in rotation with soya bean. The most important 

fungal diseases of maize in tropical Africa are the rot affecting the female inflorescences, the 



20 

stalk and the leaves. Whiles the most important virus disease is the maize streak virus (MSV), 

which is restricted to Africa and may cause 100% yield loss. Host-plant resistance is the most 

effective disease control measure. The most serious pests are cutworms, stem borers, cob 

borers and leaf hoppers. Occasionally termites and locust also infest maize fields. Application 

of insecticides may be necessary to control these pests. Cultural methods also exist and include 

early planting and burying or burning crop residues. Biological method using natural enemies 

can also be used. (Pande et al., 2017; Arif et al., 2018). 

2.9 Fertilizer Use in Maize Production 

Nutrient concentrations are important to understand plant maintenance and growth, 

specifically if certain nutrients are limiting in grain or vegetative material. Many crops have a 

maximum potential yield which is never actually achieved due to limiting factors, often which 

are nutrients (Liliane et al., 2020). An adequate supply of nutrients should be observed in 

maize grain as well as in the fodder material not harvested. If nutrient supply is not limiting to 

yield production, light interception could become a more limiting factor than available 

nutrients. There are three main processes that plants take up nutrients from the soil via their 

roots: root extension, mass-flow and diffusion. Mass-flow is the primary mechanism that 

supplies nitrogen (N) to the roots, whereas diffusion is the primary mechanism that supplies 

phosphorus (P) and potassium (K) to the roots. Diffusion occurs from lower gradient at the 

root-soil interface from the uptake of nutrients by the roots. However, diffusion is a slow 

process, especially for nutrients like phosphorus that may react with the soil along this 

gradient. Mass flow can be much quicker, but depends on the amount of water taken up by a 

plant. Roots also grow in the soil and come in direct contact with soil nutrients. Most estimates 

consider roots to take up only about 1% of soil volume, but even with a generous 3% pore 

space estimate, maize roots only come in contact with 6 to10% of the nutrient requirement of 

N, P, and K for a 7846 kg ha-1 grain yield. Consequently, over 90% of nutrient uptake is via 

mass flow for N or diffusion for K and P. Soil N is available to plants as nitrate and ammonium 
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(Liliane et al., 2020). However, soil nitrate must be reduced to ammonium before being used 

in the plant. Soil nitrate and ammonium is important in agriculture because high levels could 

reduce the amount of added fertilizer required for a crop 

Muthaura et al. (2017) reported that maize has strong exhausting effect on the soil and it is 

generally observed that maize fails to produce good yield in soils without fertilizer application. 

The use of synthetic nitrogen fertilizers has increased steadily in the last 50 years, rising almost 

20-fold to the current rate of 100 million tonnes of nitrogen per year. Kitonyo et al. (2018) 

reported that nitrogen is the most limiting essential nutrient for maize production in the humid 

and sub-humid tropics. The need for adequate and balance nutrition for maize is very 

important. The application of NPK fertilizers significantly increased plant height, stem girth, 

number of leaves, leaf area index, dry matter accumulation and yield of maize (Achiri et al., 

2017). 

Maize is fast growing and it has a relatively high demand for nutrients, particularly N, P and 

K which are necessary for high yield. reported that higher grain yield was obtained by applying 

4.5 t/ha of mineral fertilizer which supplies 18 kg N, 1.8kg P and 27 kg K per hectare (Suganya 

et al., 2020). Agbede et al. (2017) reported that the most cultivated soils do not supply more 

than 20-25 % of the NPK requirements and thus adequate NPK is necessary if high yields are 

to be realized. Maize usually responds well to fertilizers and the maize crop can yield 2 tonnes 

grains and 5 tonnes stover per hectare by utilizing about 60 kg N, 10 kg P and 70 kg K per 

hectare from the soil. 

Low soil fertility is a major constraint to maize production in smallholder farms. This is mainly 

attributed to the mining of nutrients due to cropping without external addition of adequate 

nutrients (Cairns et al., 2021). Crop yields have been reduced by as much as 50% in sub-

Saharan Africa due to low nutrient input and excessive nutrient losses by erosion and crop 

extraction. An average of 22 kg N (nitrogen), 3 kg P (phosphorus), and 15 kg K (potassium) 
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ha−1 is lost annually. In the tropics, water and nitrogen (N) are the major factors that limit the 

grain yield of maize (Zea mays L.). About 50% of tropical lowland maize grown suffer with a 

substantial reduction in grain yield because of periodic drought stress and low N supply. 

Nitrogen deficiency stress in maize delays shoot elongation and also leaf growth and the 

flowering of tropical maize (Tapera, 2017). Grain yield was found to be positively associated 

with shoot biomass and N content at anthesis under conditions of N deficiency (Liu et al., 

2020). According to Rizzo et al. (2024), high yielding maize production systems require an 

adequate supply of potassium (K) to meet production potential. A mature maize crop can 

contain up to 300 kg K ha-1 in aboveground plant material.  

There are several factors that impact on the ability of a soil to meet the K demands of a growing 

maize crop, including: the soil solution K concentration, the capacity of the soil to buffer the 

soil solution K concentration, soil moisture content, soil texture and structure, and the 

distribution of soil K reserves. In many cases, one or more of these factors may restrict the 

supply of K to maize crops (Rawat et al., 2016). Phosphorus is one of the most important 

nutrients for higher yield in larger quantity and controls mainly the reproductive growth of 

plants. Generally, P is the second most crop-limiting nutrient in most soils. It is second only 

to nitrogen in fertilizer use. Plant growth behaviour is influenced by the application of 

phosphorus (Gerenfes & Negasa, 2021). It is needed for growth, utilization of sugar and starch, 

photosynthesis, nucleus formation and cell division, fat and albumen formation. Fosu-Mensah 

& Mensah (2016) reported significant effect of P application on grain yield whereas Muthaura 

et al. (2017) observed significant effect of P application on dry matter yield and individual 

plant characteristics like height, number of leaves and leaf area. 
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2.10 Plant Nutrient Partitioning 

2.10.1 Nitrogen 

Nitrogen absorption during maize development often exhibits an S-shaped uptake pattern, 

characterized by a lag phase between two intervals of accelerated nitrogen uptake. The initial 

fast buildup of nitrogen transpires between V12 and V18, coinciding with the determination 

of yield potential. This is succeeded by a lag phase during which nitrogen uptake by the plant 

diminishes around the period of pollination. A subsequent elevated accumulation rate 

transpires during the grain-fill phase. Approximately two-thirds, or 50 to 70%, of nitrogen (N) 

is necessary for pollination (VT/R1), suggesting that the time of N delivery should precede 

pollination (Bender et al., 2012b). Nitrogen absorption averages around 8.73 kg N/ha per day 

in certain growth stages (Yue et al., 2022; Battaglia et al., 2019).  

Maize fodder (stalk and leaves) is projected to extract 3.40 kg of nitrogen per ton of fodder 

and 12.5 kg of nitrogen per megagram of grain (AGR-1, 2014). A total of 286.7 kg N/ha was 

extracted for yields of 12 Mg/ha, with 165.7-kilogram N/ha eliminated via the grain. The N 

requirement signifies that 13.8 kg of nitrogen was extracted for 1 Mg of maize grain. Nitrogen 

is transportable within plant tissues, evident in cases of deficit when it is remobilized from 

older tissues initially. Nitrogen deficit can also be assessed by monitoring nutrient 

concentration during vegetative development to see if sufficient nitrogen is available for 

reproductive growth. Nitrogen concentration will decrease during reproductive growth when 

nitrogen is remobilized from leaves and stalks to the grain. Visual manifestations of nitrogen 

deprivation include yellowing, resulting from the depletion of nitrogen proteins in chlorophyll 

inside the leaves. Chlorosis often manifests first in older leaves, located lower on the plant, 

whereas younger leaves retain their green coloration due to the mobility of nitrogen throughout 

the plant. Chlorosis may evolve to necrosis in cases of severe deficiency, starting at the leaf 

tip and advancing throughout the midvein in a distinctive V-shaped pattern (Parveen et al., 

2018). 
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2.10.2 Phosphorus 

Phosphorus is initially sequestered in vegetative tissues, such as leaves and stalks, and is then 

remobilized to the grain post-pollination (Wang & Ning, 2019). Maize fodder is projected to 

absorb 1.59 kg of P2O5 every Mg of fodder and 0.181 kg of P2O5 each bushel (25.4 kg) of 

grain harvested (Mousavi, 2022). P demand is around 50% of total P needs during pollination, 

equating to roughly 2.35 kg P2O5 ha-1 needed daily, somewhat less than N. A corn production 

of 12 Mg ha-1 necessitated 113.7 kg P2O5 ha-1, with 89.9 kg P2O5 ha-1 extracted by the grain, 

equating to approximately 7.49 kg P2O5 per Mg of grain yield (Hossain, 2022). 

2.10.3 Potassium 

Potassium absorption resembles nitrogen, exhibiting greater need during vegetative 

development compared to the grain filling stage. Maize fodder is projected to absorb around 

3.63 kg of K2O per ton of fodder and to eliminate around 0.159 kg of K2O for each bushel 

(25.4 kg) of grain harvested. During the development stages, maize necessitates around 6.05 

kg of K2O per hectare daily, with nearly two-thirds of the total potassium required at the time 

of pollination. Maize yields of 12 Mg ha-1 necessitated 201.9 kg K2O ha-1, with 65.7 kg K2O 

ha-1 extracted in the grain. Thus, the nutrient removal coefficient is 0.26, which is lower than 

that of nitrogen or phosphorus, indicating that a greater quantity of potassium is returned to 

the soil with crop residue compared to nitrogen or phosphorus. 

2.10.4 Sulphur 

Sulfur is a critical nutrient that is necessary for the proper growth and development of plants 

(Zenda et al., 2021). Protein disulfide bonds, amino acids, vitamins, and cofactors are 

structurally composed of sulfur. The plants are unable to access the majority of the sulfur in 

the soil, as it is present in organic matter. The primary source of sulfur for plants is the anionic 

form of sulfur (SO4
2−), which is typically present in minimal quantities in the soil. It is readily 

leached from the soil due to its water-soluble nature. Sulfur and sulfur-containing compounds 
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function as signaling molecules in the regulation of stress and in the execution of typical 

metabolic processes (Miller & Schmidt, 2020). Additionally, they function as mediator 

molecules in the crosstalk of intricate signaling networks. By employing their specialized 

sulfate transporters, plants directly absorb sulfate from the soil. Furthermore, plants also utilize 

the sulfur transporter of a symbiotically associated organism, such as bacteria and fungi, to 

extract sulfur from the soil, particularly in situations where sulfur levels are low. Therefore, 

sulfur is a critical element of plant metabolism, and its analysis in various dimensions is 

essential for the enhancement of the overall health of plants, dependent animals, and humans. 

Crop quality and yield are adversely affected by sulfur deficiency. Although mild sulfur 

deficiency may have a negligible impact on yield, it can have a substantial impact on quality 

(Narayan et al., 2023). 

2.11 Effect of NPK Fertilizer on Maize Growth and Yield  

one of the primary constraints to agricultural productivity in the cereal-dominated savannas of 

sub-Saharan Africa (SSA) is nutrient limitation, particularly Nitrogen (N). The risk associated 

with year-to-year variability in weather and prices is reduced, and net returns are generally 

increased by moderate additions of N. The application of mineral N fertilizer alone is 

responsible for approximately 50% of the annual global food harvest (Heffer & Prudhomme, 

2016). The N fertilizer requirements for optimal crop production can be estimated by utilizing 

estimates of internal N requirements (Morris et al., 2018). N and P are the two most prevalent 

limiting nutrients in Africa, and they respectively serve as significant constraints on food 

production (Du et al., 2020). The response of maize to starter fertilizer is typically attributed 

to the presence of N or P in the mixture. Battisti et al. (2022) found that NPK starter mixtures 

increased maize yield in a variety of tillage systems, even in soils with P and K levels that 

were considered optimum or higher. Nevertheless, it is impossible to accurately predict the 

total nitrogen requirement of a crop. With no-till, maize yield increases to starter-applied K 

were greater than those with tillage (Chlingaryan et al., 2018). 
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2.12 Effect of NPK Blended with other Macro or Micronutrients on Maize Growth 

and Yield 

Bulk Blended NPK compound fertilizer is abbreviated as BB Fertilizer. BB fertilizer is a 

compound fertilizer that is combined with a single fertilizer or compound fertilizer in a specific 

proportion. The total nutrient can be produced in accordance with the buyer's specifications, 

which can satisfy the nutritional and growth requirements of crops, enhance the quality of crop 

products, and increase income and other attributes (Li et al., 2022). The characteristics of BB 

fertilizer are as follows: simple to use, low cost, moderate granule intensity, no agglomeration, 

low moisture, and granule uniformity. The formulation of BB Fertilizer, which includes 

Nitrogen (N), Phosphate (P2O5), and Potassium (K2O), can be adjusted to accommodate the 

needs of the crop, the fertility of the local soil, the growth stage of the crop, and other factors 

(Uddin et al., 2020).  

Consequently, BB Fertilizer is more scientific and specifically designed for balanced 

fertilization. Medium Element (Ca, Mg, S) and Trace Element (Fe, Zn, Cu, Mn, B, Mo) or 

(EDTA-Fe, EDTA-Zn, EDTA-Cu, EDTA-Mn) can be applied as special fertilizers. 

The NPK bulk blending fertilizer can be employed as a top-dressing fertilizer (Mbhele, 2017). 

The application of top dressing is adaptable and should be implemented in accordance with 

the various stages of crop growth, as indicated by the absence of certain nutrients. Water 

soluble bulk blending fertilizer is a common example of a quick-acting top-dressing fertilizer. 

In general, the methods include water flushing, burying, distributing, and drip irrigation. NPK 

bulk blending fertilizer may be implemented as either a base fertilizer or a basal dressing. It is 

administered to the soil prior to the sowing or transplanting of the plant. The purpose of base 

fertilizers is to provide the soil with the necessary nutrients for the entire growth stage, thereby 

enhancing the soil's quality. This approach is more appropriate for the cultivation of 

commodities that are densely populated. Additionally, NPK bulk blending fertilizer may be 

employed as seed fertilizer (seed manure). Seed fertilizers are implemented concurrently with 
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seeding or seed mixtures. It is the most cost-effective fertilization method. Fertilizer is applied 

to the seed's vicinity or mingled with the seed during sowing or transplanting to provide 

nutrients for the early growth of crops. It is crucial to rigorously regulate the quantity and 

selection of fertilizer varieties, as the fertilizer is directly applied to the seed's vicinity (Walia 

et al., 2024).  

Substantial per-hectare losses of N, P, and K in approximately 100 million hectares of 

cultivated land in Africa over the past 30 years (700, 100, and -450 kg ha-1 30 years-1 for N, 

P, and K, respectively). In the balances of NPK, the primary plant nutrients, are considered to 

be valuable indicators of the sustainability of cultivation systems. According to Dagne (2016) 

the shortest mean days to 50% tasseling (85.25), silking (87.25) and maturity (154.25) of 

maize were recorded for blended fertilizers, whereas the longest records were obtained from 

the control. Blended fertilizers had improved grain nutrient uptakes and agronomic efficiency 

of maize. It was also apparent that much of the nutrients applied were assimilated by the grain 

than that achieved by the stover. 

2.13 Effect of Ammonium Sulphate and Urea on Growth and Yield of Maize  

The kind of N-containing inorganic fertilizer is sulphate of ammonia. The fertilizer comprises 

ammonium (NH4) as a 21 percent nitrogen (N) and sulphate (SO4) as a 24 percent sulfur (S). 

The main limiting nutrient in maize productivity in the West African savannas (WAS) is 

nitrogen (N), which is supplied to the plants by the sulphate of ammonium (NH4) levels 

(Masood et al., 2023). According to estimates, low-N stress causes a 10–50% yearly reduction 

in maize output (Ertiro et al., 2022). 

Numerous factors contribute to nitrogen deficiency in West Africa, such as the application of 

suboptimal amounts of inorganic fertilizer due to high prices (Kihara et al., 2020) and fertilizer 

availability, poor weed control in farmers' fields (Rodenburg & Johnson, 2009), and the 

leaching of soil N below the root zone as a result of torrential rainfall (Osman, 2018). For 
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maize crops, less than 20 kg Nha-1 is typically treated. According to Tofa et al., 2022), when 

nitrogen was not provided, maize yields in Nigerian savannas were severely reduced. As a 

nitro-positive crop, maize requires comparatively more nitrogen to provide a healthy yield. 

Therefore, it is essential to employ the most N possible from an appropriate and effective 

source. 

Because it is a crucial component of structural and functional proteins, chlorophyll, and 

nucleic acids (RNA and DNA), as well as being necessary for the appropriate use of 

carbohydrates, nitrogen plays a major role in crop growth (Boulter, 2012). As the amount of 

N increases, so do the leaf area index, leaf area duration, rate of leaf expansion, photosynthetic 

rate, radiation interception, and radiation usage efficiency. According to Tariq et al. (2023), 

adequate nitrogen delivery also improves the content of crude protein. 

The number of leaves and plant height both significantly impacted the pace at which urea was 

applied. The results demonstrated that the treatment with the greatest urea application (200 

kg/ha) at 6WAP, when tassel commencement occurred, had the highest vegetative growth, 

which declined at the eighth week. According to Wagan et al. (2017), this might be explained 

by the decrease in the rising nitrogen days to silking levels. The days to silking were also 

shortened by nitrogen levels, according to Ning et al. (2017). According to Zhang et al. (2021), 

the plants' vegetative height peaked at 6WAP, which may be explained by improved nitrogen 

availability and its stimulating influence on vegetative development, which leads to an 

increase in mutual shading and internodal extension. Wang et al. (2024) claim that crops grown 

on nitrogen-deficient soils display extremely unique N-deficiency symptoms, such as poor 

growth and produces disruption in physiological/biochemical properties of plants. The control 

group had the lowest result in all the weeks, which supported their findings. 

Two weeks after urea application, there were no significant changes (p<0.05) in the number 

of leaves across the treatments; however, there were significant differences (p<0.05) when 
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compared to the control. In the fourth week following application, urea at 100 kg/ha promoted 

leaf growth, and the quantity of leaves was substantially different from the control and other 

treatments. When compared to the control, there were similarly significant changes (p˂0.05) 

at the sixth week; however, no significant differences (p<0.05) were seen among the treatments 

after eight weeks following urea administration. 

This rise might also be attributed to the availability of nitrogen, which frequently causes plants 

to grow taller and produce more nodes and internodes, which in turn causes plants to produce 

more leaves in their early stages. 

Plots treated with 200 kg/ha of treatment had the highest results on the leaf area in every week, 

followed by those treated with 150 and 100 kg/ha. Out of all the weeks, the control group's 

performance was the lowest (Ikeh et al., 2023). 
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CHAPTER THREE: MATERIALS AND METHODS 

3.0  

3.1 Description of Experimental Site/Location 

Two field experiments were conducted from March to July 2023 during the major cropping 

season and from August to December 2023 during the minor cropping season. The research 

was conducted at the Multi-purpose Crop Nursery of the Akenten Appiah-Menka University 

of Skills Training and Entrepreneurial Development (AAMUSTED), Mampong Campus. 

Asante Mampong is situated in the Forest Savannah transitional zone of Ghana at an elevation 

of 435 meters above sea level (Geodatos, 2020). The average annual precipitation of Asante 

Mampong is around 1270 mm, exhibiting a bimodal distribution. The major rainy season 

occurs from early April to July, while the minor rainy season spans from September to 

November. A short dry period occurs in August, but the principal dry season starts in 

December and ends in March. The experimental area has an average annual temperature of 

around 27 °C, typically fluctuating between 22 °C and 30 °C (GSS, 2014). 

The soil at the experimental site originates from Voltaian sandstone, categorized as Chromic 

Luvisol according to Asiamah (1987) classification system, and is part of the Bedease Series 

under the Savannah Ochrosol class. It is a deep red, sandy loam devoid of stones. It possesses 

excellent drainage, friability, and substantial water retention, along with favourable texture 

and structure. The pH is around 6.5. The plant cover of Asante Mampong is characterized as 

transitional, including a dense layer of grass. The experimental location is populated by plant 

species including giant-star-grass (Cynodon plectostachyus), wire weed (Sida acuta), 

centrosema (Centrosema pubescens), Guinea grass (Panicum maximum), and nutgrass 

(Cyperus rotundus). 
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3.2 Experimental Design and Treatment 

The experimental design used for the two field studies was a Randomized Complete Block 

Design (RCBD), with five (5) treatments and each treatment was replicated four (4) times. 

The treatments were as listed below: 

A total field size of 29.0 m × 26.0 m (754 m2) was demarcated, ploughed, harrowed, lined and 

pegged. Each experimental plot measured 5 m x 5 m and 2.0 m was left between blocks and 

1m between plots.  

Maize seed used as planting material for the experiment was Obatanpa and was supplied by 

the International Fertilizer Development Center on FERRARI project. The Obatanpa maize 

variety is white dent maize seed with maturity period between 120 days, open- pollinated, 

quality protein maize (QPM) variety, resistant to certain pests and diseases (maize streak virus, 

rust and blight). Obatanpa maize variety has a relatively higher yield (3.2 t/ha) than other 

maize varieties. (Okai et al., 2015). 

  

T1-Control (No fertilizer) 

T2-Granule (70-50-50 kg/ha NPK) + Urea Granules 

T3-Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granules 

T4-Granule (90-60-60 kg/ha NPK) + Urea Granules 

T5-Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules 
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3.3 Cultural and Management Practices  

3.3.1 Land Preparation and Planting 

The experimental site was ploughed, harrowed, lined and pegged and levelled to obtain the 

desire germination and growth of crop. The Obatanpa maize seed was planted on the flat land 

after the plots have been prepared. Maize seeds were sown on 15th April, 2023 during the 

major cropping season and on the 2nd September 2023 during the minor cropping season at the 

depth of 4 cm to 6 cm, 3 seeds were sown per hill at a spacing of 75 cm x 40 cm and seedlings 

were thinned to two (2) plants per hole ten (10) days after emergence. Each experimental plot 

had six (6) rows with twenty-four (24) plants per row. The total number of plants per 

experimental plot was one hundred and forty-four (144) plants. Maize seedling emerged at six 

(6) days after sowing and eight (8) days later vacant holes were refilled. 

3.3.2 Weed Control  

Weed control was conducted three (3) times. The first weeding was done manually with a hoe, 

two weeks after seedling emergence. The second and third weeding were done with a hoe 

before tasseling and before harvesting. This was to prevent weeds from competing with the 

maize crop for soil nutrients and water. Weed removal by hand was carried out on weeds close 

to maize plants during weed control. 

3.3.3 Fertilizer Application  

The inorganic fertilizer was administered to each plot in accordance with the treatment at 2 

weeks after planting, at a rate determined by the specified ratio of NPK granule fertilizer and 

other blended fertilizer as top dressing. The fertilizer was administered directly to the crop via 

the side placement method and incorporated into the soil using a dibber and a hand fork. Urea 

and ammonium sulphate granule, with Sulphur was administered 6 weeks after planting by the 

side placement technique, according to treatment.  
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3.3.4 Pest and Disease Control 

The incidence of pests and diseases was frequently monitored by regular visits to the 

experimental site to inspect for pests, including rats, birds, stem borers, and fall army worms. 

Insecticide (Porselen 5% SG) was administered at a dosage of 30 g per 15L of water using a 

CP 15 knapsack sprayer to control fall army worm infestation observed four weeks after 

planting (4WAP) and biweekly thereafter. 

3.4 Data Collected  

Data was collected on soil physical and chemical properties, phenology, vegetative growth, 

yield and yield components of maize. The following records were taken: 

3.4.1  Soil Sampling and Analysis 

Soil samples were taken from five randomly selected locations on each experimental plot at a 

depth of 0-20 cm. Soil samples from each plot were combined and thoroughly mixed in a 

container, air-dried, and passed through a 2.0 mm sieve to achieve a fine texture, following 

which sub-samples were placed in labeled plastic bags. The labelled soil samples were 

subsequently taken to the KNUST Soil Science Laboratory in Kumasi to assess the physical 

and chemical properties of the soil. This was done for each experimental site before planting 

and after harvest. 

3.4.1.1 Soil pH 

The pH of the soil was determined using a Suntex pH (mv) Sp meter (701) for soil: water ratio 

of 1:2.5 as was used by Apori & Byalebeka (2021). A 20 g soil sample was weighed into a 

100 ml beaker. To this 50 ml distilled water was added and the suspension was stirred 

continuously for 20 minutes and allowed to stand for 15 minutes. After calibrating the pH 

meter with buffer solutions of pH 4.0 and 7.0, the pH was read by immersing the electrode 

into the upper part of the suspension. 



34 

3.4.1.2 Total Nitrogen 

The total nitrogen content of the soil was assessed utilizing the Kjeldahl digestion and 

distillation method as outlined by Silva (2016). Ten grams of soil and fifty milliliters of runoff 

were measured into a 500 mL Kjeldahl digestion flask, to which one spatula of a combination 

including copper sulfate, sodium sulfate, and selenium was added, followed by 30 mL of 

concentrated H2SO4. The mixture was heated vigorously to provide a permanent clear green 

hue in the soil. The digest was cooled and transferred to a 100 mL volumetric flask, then 

diluted to the mark with distilled water. A 10 mL aliquot of the digest was transferred to a 

Tecator distillation flask, and 20 mL of 40% NaOH solution was added. Steam from a Foss 

Tecator device was let to enter the flask. The distilled ammonium was collected in a 250 mL 

flask containing 10 mL of 4% boric acid with a mixed indicator of bromocresol green and 

methyl red. The distillate was titrated using 0.1 N HCl solutions. A blank digestion, 

distillation, and titration were performed without soil to verify the absence of nitrogen residues 

in the reagents and water utilized. 

It was mathematically expressed as: 

 

Where; a = mL HCl used for sample titration b = mL HCl used for blank titration 1.4 = 14 x 

10-3 x 100 % (14 = atomic weight of N) N = normality of HCl V = total volume of digest s = 

mass air-dried soil sample taken for digestion in grams (10.0 g) or volume of runoff sample 

taken for digestion in mL (50mL) t = volume of aliquot taken for distillation (10.0 mL). 

3.4.1.3 Available Phosphorus 

A 2.0 g soil sample was weighed into a 50 ml shaking bottle and 20 mL of Bray-1 extracting 

solution was added. The sample was shaken for one minute and then filtered through Whatman 

filter paper. 10 ml of the filtrate was pipetted into a 25 mL volumetric flask and 1 mL each of 

molybdate reagent and reducing agent were added for colour development. The percent 
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transmission was measured at 650 nm wavelength on a spectrophotometer. The concentration 

of P in the extract was obtained by comparison of the results with a standard curve 

(Lumbanraja et al., 2017). 

3.4.1.4 Soil Exchangeable Potassium 

Potassium in the soil extract was determined by flame photometry (Ullah et al., 2022). 

Standard solutions of 0, 2, 4, 6, 8 and 10 ppm K+ and Na+ were prepared by diluting 

appropriate volumes of 100 ppm K+ and Na+ solution to 100 mL in volumetric flask using 

distilled water. Photometer readings for the standard solutions were determined and a standard 

curve constructed. Potassium concentrations were read from the standard curve. 

3.4.1.5 Organic Carbon  

Organic carbon content was determined by the dichromateacid oxidation method (Rao et al., 

2019). Ten milliliters (10 mL) each of concentrated sulphuric acid, 0.5 N potassium 

dichromate solution and concentrated orthophosphoric acid were added to 0.05 g of sample in 

Erlenmeyer flask. The solution was allowed to stand for 30 minutes after addition with distilled 

water. It was then back titrated with 0.5 N ferrous sulphate solutions with diphenylamine 

indicator. The organic carbon content was calculated from the equation: 

% 𝐶𝑎𝑟𝑏𝑜𝑛 =
N ∗ (a ∗ b) ∗ 3 ∗ (10)3 ∗ 100 ∗ 1.3

w
 

where: N = normality of ferrous sulphate a = mL ferrous sulphate solution required for sample 

titration b = mL ferrous sulphate solution required for blank titration w = weight of ovendried 

sample in gram 0.003 = equivalent weight of carbon 1.3 = compensation factor allowing for 

incomplete combustion. 
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3.4.2 Phenological Data 

 Days to 50% Emergence  

This was determined as the number of days required for 50% of the plants within the 3 m × 3 

m area from the four central rows per plot to emerge from the planting date. 

 Percentage Crop Establishment  

The percentage plant establishment was calculated by counting the number of plants that had 

established within the 3 m × 3 m area from the four central rows per plot (harvestable area) at 

twenty-one days after planting, and the percentage was then estimated. 

 Days to 50% Tasseling 

This was determined as the number of days until 50% of the plants within a 3 m × 3 m area 

from the four central rows per plot (harvestable area) have tasseled from the planting date.  

 Days to 50 % Silking 

This was determined as the number of days from the planting date until 50% of the plants 

within the 3 m × 3 m area (harvestable area) to silk. 

 Days to 50% and 100% Maturity 

This was determined as the number of days required for 50% of the plants within the 3 m x 3 

m area (harvestable area) to reach full maturity from the planting date. The days to 100% 

maturity was also determined as the number of days required for 100% of the plants within 

the 3 m x 3 m area (harvestable area) to reach full maturity from the planting date. 
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3.4.3 Vegetative Growth Data  

 Plant Height 

Plant height was measured on five randomly selected tagged plants per plot from the 

harvestable area, from the base to the apical leaf, using a meter rule four weeks after planting 

(4 WAP), and at two-week intervals until at tasseling stage and the mean recorded. 

 Stem Diameter 

The stem diameter was measured using a vernier caliper at the widest point of five randomly 

selected tagged plants from the harvestable area per plot, four weeks after planting (4 WAP), 

and thereafter at 14-day intervals until at tasseling stage and the mean recorded. 

 Number of Leaves Per Plant 

The total leaf count per plant was recorded individually for five (5) randomly selected tagged 

plants from the harvestable area per plot at four weeks after planting (4 WAP) and thereafter 

at two-week intervals until tasseling stage and the mean estimated.  

 Dry Matter Accumulation 

Six (6) plants were randomly selected and uprooted from the rows outside the harvestable area 

and were separated into root and shoot. The dry root and shoot weight were determined using 

electronic weighing scale and then oven drying at 70oC to constant weight. This was done two 

weeks before and after tasseling. 

 Leaf Chlorophyll Content  

The leaf chlorophyll content was measured on the fifth and sixth leaf of five (5) randomly 

selected tagged plants from the 3 m x 3 m area within the four (4) central rows per plot using 

the calibrated SPAD meter at four (4) weeks after planting and at two (2) weeks interval until 

eleven weeks after planting and the mean was computed. 
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 Leaf Area  

The leaf length was measured from the base (where the leaf blade meets the petiole or stem) 

to the tip of the leaf and leaf width was measured at the widest part of the leaf using meter 

rule. Leaf area was measured using the formular LA = LW × 0.75, where LA= total leaf area 

per corn plant modified from Montgomery (1911), W= width of leaf and L is length of leaf 

and multiplied by a factor (0.75) (Elings, 2000). 

 Internode Length 

The internode length was measured on five randomly selected tagged plants in the harvestable 

area per plot between the fifth and sixth nodes using a meter stick from 30 DAP at two-week 

intervals until 72 DAP, and the mean was estimated. 

3.4.4 Physiological Growth Parameters  

 Crop Growth Rate 

The crop growth rate was measured using the formular the formular; CGR =(1/GA) X ((W2-

W1)/(T2-T1)), Where CGR= Crop growth rate; W1=total dry matter at first harvest; W2= 

Total dry matter at second harvest; T1 = Days of observation at first harvest; T2= Days of 

observation at second harvest and was obtained in g m-2 day-1. 

 Relative Growth rate 

The relative growth rate was measured using the formular; RGR =((LnW2-LnW1)/(T2-T1)), 

Where RGR = Relative growth rate; W1=Total dry matter at first harvest; W2= Total dry 

matter at second harvest; T1= Days of observation at first harvest; T2=Days of observation at 

second harvest; In=Natural log and was obtained in g m-2 day-1. 
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3.4.5 Yield and Yield Components 

 Number of Plants Harvested 

The total number of plants harvested from the 3 m × 3 m area within the four middle rows of 

each plot was counted, and the mean was recorded. 

 Number of Lodged Plants Per Plot  

The total count of lodged plants from the harvestable area for each plot on the day of harvest 

was determined, and the average was recorded.  

 Number of Cobs Per Plot  

The total number of cobs from the 3 m × 3 m area within the four middle rows per plot was 

counted and the average was recorded. 

 Number of Seeds Per Cob 

The total number of seeds from the five (5) randomly selected cobs from the harvestable per 

plot was counted and the mean estimated.  

 100-Seed Weight 

The weight of one hundred seeds was determined by randomly selecting seeds from matured 

shelled cobs in the harvestable area and the weight determined using an electronic weighing 

scale, and the mean was recorded. 

 Total stover Weight Per Plot  

At harvest, the total number of plants from the 3 m × 3 m rea within the four middle rows of 

each plot was collected and bundled. The complete bundle was weighed using an electronic 

weighing scale, and the average was estimated. 
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 Dehusked Cob Weight Per Plot 

The total number of unhusked cobs from the 3 m × 3 m area within the four middle rows per 

plot was dehusked, weighed using an electronic weighing scale, and the average was recorded. 

 Cob Length 

The cob length was measured on the five (5) randomly selected cobs from the harvested area 

per plot from the base to the tip of the cob using a meter stick and the mean was recorded.  

 Cob Diameter 

The diameter of the cob was measured using a vernier caliper at the widest part of five 

randomly selected cobs per plot after harvest and dehusking, and the mean was estimated. 

 Grain Weight Per Plot 

The total weight of grain harvested from the 3 m × 3 m area within the four central rows of 

each plot was weighed using electronic weighing scale after harvest, dehusking and drying 

and the mean value recorded in kgm-2. 

 Grain Yield  

Grain yield was assessed from sixty-four (64) plants within the 3 m x 3 m area within the four 

central rows of each plot. Grains were extracted from cobs after harvest using a manual grain 

remover and subsequently sun-dried to achieve uniform moisture content. The dried grains 

were weighed using an electronic weighing scale, and their yield per plot was estimated in 

t/ha. 

Grain yield (t/ha) = ( 
10000m2 x Q grain (kg)

Harvest area (m2)
) /1000 (Makarova et al., 2020). 
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 Harvest Index 

Harvest index is the ratio of grain yield to plant biomass produced at harvest. It was determined 

by dividing the grain yield by the total biomass yield. 

HI =GY/TY  

where: HI = harvest index, GY = grain yield, TY = Total biomass yield  

3.5 Statistical Analysis/Data Analysis 

The data was analyzed using analysis of variance (ANOVA) with GenStat statistical package 

(2008) version 11.1 (VSN International Ltd). Significant differences between treatment means 

were separated using the Tukey’s Honestly Significant Difference (HSD) test at a 5% 

probability level. Correlation matrix analysis was used to determine the relationship between 

some vegetative growth parameters and yield and yield components of maize. 
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CHAPTER FOUR: RESULTS 

4.0  

4.1 Climatic Conditions at the Experimental Sites 

The climatic conditions at the experimental site during 2023 major and 2023 minor cropping 

seasons are presented in Appendix 2 and Appendix 3 respectively. In 2023 major cropping 

season, a total monthly rainfall of 784.00 mm was recorded from March 2023 to July 2023 

(Appendix 2). The highest rainfall occurred in April (258.8 mm) and July (198.9 mm). At 6:00 

hours and 15:00 hours the mean monthly relative humidity was 90.4% and 63% respectively. 

The monthly relative humidity ranged between 55% to 92%. The mean monthly minimum and 

maximum temperatures varied from 22.76°C to 31.72°C (Appendix 2).  

During the 2023 minor cropping season, a total of 786.90 mm of rainfall was recorded between 

August and December, with the highest amounts in October (286.4 mm) and August (213.4 

mm) (Appendix 3). The average monthly relative humidity was 88% at 6:00 hours and 61.60% 

at 15:200 hours, ranging from 44% to 93%. The average monthly temperatures varied from a 

minimum of 22.4°C to a maximum of 34.5°C during this period (Appendix 3). 

4.2 Soil Properties  

4.2.1 Initial Soil Chemical and Physical Properties at the Experimental Sites  

The initial chemical and physical properties of the background soil for both cropping seasons 

are shown in Table 4.1. During the 2023 major cropping season, the soil pH was 5.25, 

indicating acidity. The levels of available P, N, Ca, Mg, Na, Al, and H were low (Appendix 1). 

However, the contents of K, organic carbon, and organic matter were moderate (Appendix 1). 

During the 2023 minor cropping season, the background soil had an acidic pH of 5.36. The 

levels of available P, Al, H, and Na were low (Appendix 1). However, the contents of K, Ca, 

Mg, N, organic carbon, and organic matter were moderate. The soil at both experimental sites 

was classified as sandy loam (Table 4.1). 
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Table 4. 1: Initial chemical and physical properties of the background soils  

Soil Samples  

pH 

(H2O 

1:1) 

 

P 

mg/kg 

 

N 

(%) 

Exch. Bases (cmol/kg) Exch. Acidity  % 

OC 

% 

OM 

EC 

(µS/cm) 

K Ca Mg Na Al H  

(cmol/kg)  

Major Season 5.25 3.835 0.104 0.345 1.22 0.78 0.059 0.251 0.285 1.246 2.148 205 

Minor Season 5.36 4.824 0.113 0.358 2.08 1.12 0.044 0.236 0.258 1.045 1.802 56 

 Particle size analysis  

 % Sand % Clay % Silt Textural class  

Major Season 74.88 19.44 5.68 Sandy loam  

Minor Season 75.76 19.92 4.32 Sandy loam  

Season 1: 2023 major cropping season  Season 2: 2023 minor cropping season 

 
 

 

 

4.2.2 Final Soil Chemical and Physical Properties at the Experimental Seasons  

The final soil chemical properties after harvesting of maize plant is presented in Table 4.2 and 

Table 4.3. Generally, there were significant (p<0.05) differences in nutrient status and pH of 

the soil as affected by the treatments in both major and minor seasons. All the fertilizer treated 

plots increased the nutrient status and the pH of the soil as compared to the control plot across 

both cropping seasons. In 2023 major cropping season, the highest soil pH (5.84) and Ca (2.42) 

content was recorded when Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules was 

applied followed closely by Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granule and 

treatments (Table 4.2). The soil applied with Granule (90-60-60 kg/ha NPK) + Urea Granules 

recorded the highest content of available P and Na. Application of Granule (70-50-50 kg/ha 

NPK) + S + (NH4)2SO4 Granules recorded the highest total N, K, Mg, EC after harvesting of 

the maize plants. Application of Granule (70-50-50 kg/ha NPK) + Urea Granules had higher 

H, Organic carbon and Organic matter as compared to the control and other amended soils 

(Table 4.2). Highest Al was recorded in the unamended plot.  

In 2023 minor cropping season, the highest soil pH as well as Na and Al contents were 

recorded by Granule (90-60-60 kg/ha NPK) + Urea Granules . The soil applied with Granule 

(70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granules recorded the highest available P, total N, 
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Mg and EC. Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules treated soils 

produced the highest content of Ca, H, Organic matter and Organic carbon. Highest K content 

was recorded by Granule (70-50-50 kg/ha NPK) + Urea Granules treated plot (Table 4.3). 

4.3 Phenology of Maize  

4.3.1 Days to 50% Emergence  

The results on days to 50% emergence as affected by different rates of Granules NPK fertilizer 

during 2023 major and 2023 minor cropping seasons are presented in Table 4.3. In 2023 major 

cropping season there were significant (P<0.05) differences between treatments in days to 

50% emergence. Maize plants that received Granule (90-60-60 kg/ha NPK) + Urea Granules 

emerged (4.00 days) two days (2) earlier than maize plants grown on unamended plot (6.00 

days) (Tables 4.3). 

In 2023 minor cropping season there were significant (P<0.05) differences between treatments 

in days to 50% seedling emergence. Maize plants grown on Granule (90-60-60 kg/ha NPK) + 

Urea Granules recorded the least (4.50 days) number of days to 50% seedling emergence and 

emerged almost two (2 days) earlier than maize plants grown on unamended plot . Across both 

cropping seasons the days to 50% seedling emergence ranged from 4.00 – 7.00 days (Tables 

4.3). There were no significant (P>0.05) differences between season and treatment x season 

interactions in days to 50% seedling emergence.  
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  Table 4. 2: Final chemical and physical properties of the soil of treatments after harvesting of maize 

 pH Available 

P 

N (%) Exch. Bases (cmol/kg) Exch. Acidity % OC % OM EC 

(µS/cm) 

Treatment    K Ca Mg Na Al H    

  2023 Major cropping season 

Control (No fertilizer)  5.25  3.835  0.104  0.345  1.22  0.78  0.059  0.251  0.285  1.246  2.148  205  

Granule (70-50-50 kg/ha NPK) + Urea 

Granules 

5.65  4.536  0.115  0.435  2.40  1.80  0.055  0.233  0.295  1.502  2.589  166  

Granule (70-50-50 kg/ha NPK) + 20S + 

(NH4)2SO4 Granules 

5.74  6.512  0.129  0.462  1.64  2.16  0.044  0.241  0.214  1.268  2.185  226  

Granule (90-60-60 kg/ha NPK) + Urea 

Granules 

5.62  9.01  0.116  0.448  1.88  0.52  0.059  0.265  0.254  1.385  2.387  180  

Granule (90-60-60 kg/ha NPK) + 20S + 

(NH4)2SO4 Granules 

5.84  8.773  0.119  0.428  2.42  0.18  0.051  0.247  0.231  1.287  2.219  185  

HSD (0.05) 0.13 0.08 0.01 0.01 0.13 0.09 0.01 0.01 0.02 0.01 0.01 10.75 

CV (%) 0.91 0.46 5.51 1.34 2.65 3.26 11.26 2.69 2.95 0.43 0.25 2.04 

T1: Control (No fertilizer); T2: Granule (70-50-50 kg/ha NPK) + Urea Granules; T3: Granule (70-50-50 kg/ha NPK + 20S + (NH4)2SO4 Granules; T4: Granule (90-

60-60 kg/ha NPK) + Urea Granules; T5: Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules 
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  Table 4. 3: Final chemical and physical properties of the soil of treatments after harvesting of maize 

 pH Available 

P 

N (%) Exch. Bases (cmol/kg) Exch. Acidity % OC % OM EC 

(µS/cm) 

Treatment    K Ca Mg Na Al H    

  2023 Minor cropping season 

Control (No fertilizer)  5.36  4.824  0.113  0.358  2.08  1.12  0.044  0.236  0.258  1.045  1.802  56  

Granule (70-50-50 kg/ha NPK) + Urea 

Granules 

5.84  5.174  0.118  0.422  2.10  1.30  0.040  0.258  0.247  1.092  1.883  59  

Granule (70-50-50 kg/ha NPK) + 20S + 

(NH4)2SO4 Granules 

5.88  7.33  0.137  0.405  2.20  1.40  0.055  0.261  0.265  1.170  2.017  104  

Granule (90-60-60 kg/ha NPK) + Urea 

Granules 

5.99  6.293  0.116  0.418  2.60  1.25  0.063  0.274  0.258  1.112  1.916  82  

Granule (90-60-60 kg/ha NPK) + 20S + 

(NH4)2SO4 Granules 

5.77  7.175  0.122  0.378  2.66  1.10  0.055  0.258  0.274  1.482  2.555  79  

HSD (0.05) 0.10 0.08 0.01 0.01 0.08 0.08 0.01 0.01 0.01 0.01 0.01 10.76 

CV (%) 0.69 0.48 4.74 1.49 1.27 2.37 10.45 2.28 2.25 0.51 0.29 5.00 

T1: Control (No fertilizer); T2: Granule (70-50-50 kg/ha NPK) + Urea Granules; T3: Granule (70-50-50 kg/ha NPK + 20S + (NH4)2SO4 Granules; T4: Granule (90-60-

60 kg/ha NPK) + Urea Granules; T5: Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules  
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4.3.2 Percentage Crop Establishment  

Percentage crop establishment as affected by different rates of Granules NPK fertilizer during 

2023 major and 2023 minor cropping seasons is presented in Table 4.3. There were significant 

(P<0.05) differences between treatments in percentage crop establishment across both 

cropping seasons. The percentage crop establishment ranged from 73.00 % - 98.25 % during 

2023 major and 2023 minor cropping seasons. Maize plants that received Granule (70-50-50 

kg/ha NPK) + 20S + (NH4)2SO4 Granules recorded significantly higher (98.25% and 97.51%) 

number of established plants than maize plants grown on unamended plots (73.00% and 

74.76%) and Granule (70-50-50 kg/ha NPK) + Urea Granules (85.55% and 80.26%) across 

both cropping seasons. Treatment x season interactions did not significantly (P>0.05) 

influence percentage crop establishment. However, percentage crop establishment in 2023 

major cropping season was significantly higher than those in 2023 minor cropping season 

(Table 4.3).  

Table 4. 4 Effect of different rates of Granules NPK fertilizer on days to 50% emergence 

and percentage crop establishment of maize during 2023 major and 2023 

minor cropping seasons 

Treatment  Days to 50% 

emergence  

Percentage plant 

establishment  

   2023 

major 

season  

 2023 

minor 

season  

 2023 

major 

season  

 2023 

minor 

season  

Control (No fertilizer)  6a  7a  73c  75c  

Granule (70-50-50 kg/ha NPK) + Urea Granules 5bc  5b  86b  80b  

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 

Granules 

5ab  5b  99a  98a  

Granule (90-60-60 kg/ha NPK) + Urea Granules 4c  5b  91ab  84b  

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 

Granules 

6a  5b  90ab  81b  

Mean  5  5  88  84  

HSD (P ≤ 0.05)  1.02  1.52  8.43  4.57  

CV (%)  12.78  18.29  6.25  3.55  

Treatment (HSD=0.05) =  0.86**  4.29**  

Season (HSD=0.05) =  NS  2.71**  

Treatment x Season (HSD=0.05) =  NS  NS  
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4.3.3 Days to 50% Tasseling  

From Table 4.4, there were significant (P≤ 0.05) differences between the amended and 

unamended plots in days to 50% tasseling across both cropping seasons. In 2023 major 

cropping season, the days to 50% tasseling ranged from 49.00 – 61.25 days. Maize plants that 

received Granule (70-50-50 kg/ha NPK) + Urea Granules recorded significantly lower (49.00 

days) number of days to 50% tasseling than plants grown on the unamended plot which 

tasseled almost twelve (12) days later (61.25 days) (Table 4.4).  

In 2023 minor cropping season, maize plants that received Granule (70-50-50 kg/ha NPK) + 

Urea Granules recorded significantly lower (51 days) number of days to 50% tasseling than 

plants grown on the unamended plot which tasseled almost thirteen (32) days later (64 days). 

Maize plants that received Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granules and 

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules tasseled on the same day (58.50 

days) and differed significantly from the control with the highest days to 50% tasseling (Table 

4.4). Number of days to 50% tasseling in 2023 major cropping season was significantly lower 

than those in 2023 minor cropping season (Table 4.3). Treatment x season interactions did not 

significantly (P>0.05) influence days to 50% tasseling.  

4.3.4 Days to 50% Silking  

From Table 4.4, there were significant (P≤ 0.05) differences between treatments in days to 

50% silking across both cropping seasons. In 2023 major cropping season the days ranged 

from 54.50 -67.75 days. Maize plants that received Granule (70-50-50 kg/ha NPK) + Urea 

Granules silked (54.50 days) almost thirteen days earlier than plants grown on the unamended 

plot which (67.75 days) (Table 4.4).  

In 2023 minor cropping season, maize plants that received Granule (70-50-50 kg/ha NPK) + 

Urea Granules silked (56.00 days) fourteen days earlier than maize plants grown on the 

unamended plot (70.00 days) (Table 4.4). Maize plants grown during the 2023 major cropping 
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season silked significantly earlier than those in 2023 minor cropping season (Table 4.4). There 

was no significant (P≥0.05) difference between treatment x season interactions in days to 50% 

silking.  

Table 4. 5: Effect of different rates of Granules NPK fertilizer on days to 50% tasseling and 

50% silking of maize during 2023 major and 2023 minor cropping seasons 

Treatment Days 50% Tasseling Days to 50% 

Silking 

  major 

season  

 minor 

season  

 major 

season  

minor 

season  

Control (No fertilizer)  61a  64a  68a  70a  

Granule (70-50-50 kg/ha NPK) + Urea Granules 49d  51c  55c  56d  

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 

Granules 

57b  59b  61b  66b  

Granule (90-60-60 kg/ha NPK) + Urea Granules 52c  52c  60b  61c  

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 

Granules 

58b 59b  64ab  65b  

Mean  55 57  62  64  

HSD (P ≤ 0.05)  2.72 3.32  4.11  3.02  

CV (%)  3.20 3.80 4.34 3.09 
 

Treatment  =  1.93**  2.48**  

 Season  =  1.22**  1.57**  

Treatment x Season =  NS  NS  

Means bearing the same letters within a column are not significantly different at 5% level of 

significance; HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; 

 

4.3.5 Days to Physiological Maturity  

The results on days to physiological maturity as affected by different rates of Granule NPK 

fertilizer during 2023 major and 2023 minor cropping seasons is presented in Table 4.5. There 

were significant (P≤ 0.05) differences between treatments in days to physiological maturity 

across both cropping seasons. The days to physiological maturity ranged from 78 – 90 days 

and 74 – 92 days during 2023 major and 2023 minor cropping seasons respectively. In 2023 

major cropping season, maize plants that received Granule (70-50-50 kg/ha NPK) + Urea 

Granules matured thirteen days earlier than maize plants grown on unamended plot and was 

significant (P≤ 0.05) different. Maize plants that received Granule (70-50-5020 kg/ha NPK) + 
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20S + (NH4)2SO4 Granules and Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules 

matured on the same day (82 days) and differed significantly from the control with the highest 

days to physiological maturity (Table 4.5).  

In 2023 minor cropping season, maize plants that received Granule (70-50-50 kg/ha NPK) + 

Urea Granules mature almost sixteen days earlier than maize plants grown on the unamended 

plot. Maize plants that received Granule (70-50-50 kg/ha NPK) + Urea Granules took 

significantly lesser number of days (about 10- 14 days) to physiological maturity than the other 

amended plots. Number of days to physiological maturity in 2023 major cropping season was 

significantly lower than those in 2023 minor cropping season (Table 4.5). There was no 

significant (P≥0.05) difference between treatment x season interactions in days to 

physiological maturity.  

4.3.6 Days to Maturity 

The results on days to maturity as affected by different rates of Granule NPK fertilizer during 

2023 major and 2023 minor cropping seasons are presented in Table 4.5. There were 

significant (P≤ 0.05) differences between treatments in days to 100% maturity across both 

cropping seasons. In 2023 major cropping season, maize plants that received Granule (7050-

50 kg/ha NPK) + Urea Granules matured thirteen days earlier than maize plants grown on 

unamended plot and was significant (P≤ 0.05) different. Maize plants grown on unamended 

plot differed significantly from all the amended plot except Granule (90-60-60 kg/ha NPK) + 

Urea Granules and Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules in days to 

maturity (Table 4.5). 

In 2023 minor cropping season, maize plants that received Granule (70-50-50 kg/ha NPK) + 

Urea Granules matured almost twelve days earlier than maize plants grown on the unamended 

plot . Maize plants that received Granule (70-50-50 kg/ha NPK) + Urea Granules took 

significantly lesser number of days (about 8- 9days) to maturity than the other amended plots. 
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Maize plants that received Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granules and 

Granule (90-60-60 kg/ha NPK) + Urea Granules matured on the same day (119.75 days) but 

did not differ significantly from the control with the highest days to maturity (Table 4.5). 

Number of days to maturity in 2023 major cropping season was significantly lower than those 

in 2023 minor cropping season (Table 4.5).  

Table 4. 6: Effect of different rates of Granules NPK fertilizer on days to physiological 

maturity and 100% maturity of maize during 2023 major and 2023 minor cropping 

seasons 

Treatment 

Days to 

Physiological 

Maturity 

Days to 100% 

Maturity 

major 

season  

 minor 

season  

 major 

season  

 minor 

season  

Control (No fertilizer)  90a  92a  114a  122a  

Granule (70-50-50 kg/ha NPK) + Urea Granules 78c  74d  101b  110c  

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 

Granules 

82b  84c  103b  120ab  

Granule (90-60-60 kg/ha NPK) + Urea Granules 83b  88b  108ab  120ab  

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 

Granules 

82b  84bc  112a  118b  

Mean  83  84  108  118  

HSD (P ≤ 0.05)  3.95  3.72  8.29  3.97  

CV (%)  

  

3.10  

  

2.86  

  

5.00  

  

2.19  

  

Treatment =  2.74**  4.33**  

Season =  NS  2.74**  

Treatment x Season =  3.87**  NS  

Means bearing the same letters within a column are not significantly different at 5% level of 

significance; HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation 
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4.4 Vegetative Growth of Maize  

4.4.1 Plant Height  

The results on plant height as affected by different rates of Granule NPK fertilizer during 2023 

major and 2023 minor cropping seasons are presented in Figure 4.1. There were significant 

(P≤ 0.05) differences between treatments in plant height across both cropping seasons. In 2023 

major cropping season, maize plants that received Granule (90-60-60 kg/ha NPK) + 20S + 

(NH4)2SO4 Granules recorded significantly taller plants than maize plants that received the 

other amendments as well as plants grown on unamended plot over the sampling periods 

(Figure 4.1a).  

In 2023 minor cropping season, there were no significant (P≥0.05) differences between 

treatments in plant height from 30 DAP to 58 DAP (Figure 4.1b). Maize plants that received 

Granule (90-60-60 kg/ha NPK) + Urea Granules recorded significantly taller plants than maize 

plants grown on Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules as well as plants 

grown on unamended plot at 72 DAP (Figure 4.1b). Generally, maize plants grown on the 

unamended plot over the sampling periods (Figure 4.1b). 
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(a) Major Season Cropping, 2023 

 

(b) Minor Cropping Season, 2023 

 

 

Figure 4. 1: Effect of different rates of granules NPK fertilizer on plant height of maize during 

2023 major and minor seasons  
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4.4.2 Number of Leaves Per Plant  

The results on number of leaves per plant as influenced by different rates of Granule NPK 

fertilizer during 2023 major and 2023 minor cropping seasons is presented in Figure 4.2. In 

2023 major cropping season, there were significant (P≤ 0.05) differences between treatments 

in number of leaves per plant from 30 to 86 DAP. From 30 to 72 DAP, maize plants that 

received Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules recorded significantly 

higher number of leaves per plant than plants grown on unamended plot (Figure 4.1). Maize 

plants grown on unamended plots recorded the least number of leaves per plant throughout the 

entire growing period (Figure 4.2a).  

In 2023 minor cropping season, maize plants grown on Granule (90-60-60 kg/ha NPK) + Urea 

Granules recorded the highest (10.98) number of leaves per plant and was significantly (P≤ 

0.05) different from maize plants grown on unamended plot (9.68). There was no significant 

(P≥0.05) difference between the amended plots in number of leaves per plant at 30 DAP. There 

were no significant (P≥0.05) differences between treatments in number of leaves per plant 

from 44 to 72 DAP (Figure 4.2b).  
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(a) Major Cropping Season, 2023 

 
 

(b) Minor Cropping Season, 2023 

 

Figure 4. 2: Effect of different rates of granules NPK fertilizer on number of leaves per plant 

of maize during 2023 major and minor cropping seasons 
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4.4.3 Stem Diameter 

The results on stem diameter as affected by different rates of Granule NPK fertilizer during 

2023 major and 2023 minor cropping seasons is presented in Figure 4.3. In the 2023 major 

cropping season, there were no significant (P≥0.05) differences between treatments in stem 

diameter from 30 to 58 DAP (Figure 4.3a). Maize plants that received Granule (9060-60 kg/ha 

NPK) + Urea Granules recorded significantly wider stem diameter than maize plants grown 

on unamended plot from 72 to 86 DAP (Figure 4.3a). 

In 2023 minor cropping season, there were no significant (P≥0.05) differences between 

treatments in stem diameter at 30 DAP (Figure 4.3b). However, significant differences 

occurred between the treatments in plant height from 44 to 86 DAP. From 44 to 86 DAP, maize 

plants grown on Granule (90-60-60 kg/ha NPK) + Urea Granules recorded significantly wider 

stem diameter than maize plants grown on unamended plot . There were no significant 

(P≥0.05) differences between the amended plots in stem diameter from 44 to 72 DAP (Figure 

4.3b). 
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(a) Major Cropping Season, 2023 

 

 

(b) Minor Cropping Season, 2023 

 

Figure 4. 3: Effect of different rates of granules NPK fertilizer on stem diameter per plant of 

maize during 2023 major and minor cropping seasons.  
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4.4.4 Leaf Area  

The results on leaf area as influenced by different rates of Granule NPK fertilizer during 2023 

major and 2023 minor cropping seasons is presented in Figure 4.4. In 2023 major cropping 

season, there were significant (P≤ 0.05) differences between treatments in leaf area of maize 

from 30 to 72 DAP except at 44 DAP where the treatments had no significant effect on leaf 

area. Maize plants that received Granule (90-60-60 kg/ha NPK) + Urea Granules recorded 

significantly wider leaf area than plants grown on unamended plot from 30 to 86 DAP (Figure 

4.4a). Maize plants grown on unamended plots recorded the least leaf area throughout the 

entire growing period.  

In 2023 minor cropping season, there was no significant (P≥0.05) difference between the 

treatments in leaf area at 30 DAP. Significant differences occurred between the treatments in 

leaf area from 44 to 86 DAP. Maize plants grown on Granule (90-60-60 kg/ha NPK) + Urea 

Granules recorded the widest leaf area and was significantly (P≤ 0.05) different from maize 

plants that received Granule (70-50-50 kg/ha NPK + 20S + (NH4)2SO4 Granules as well as 

maize plants grown on unamended plot from 44 to 86 DAP (Figure 4.4b).  
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(a) Major Cropping Season, 2023 

 

 

(b) Minor Cropping Season, 2023 

 

Figure 4. 4: Effect of different rates of granules NPK fertilizer on leaf areat of maize during 

2023 major and minor cropping seasons.   
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4.4.5 5th Leaf Chlorophyll Content 

The results on 5th leaf chlorophyll content as influenced by different rates of Granule NPK 

fertilizer during 2023 major and 2023 minor cropping seasons are presented in Tables 4.7 and 

Table 4.8. In 2023 major cropping season, there was no significant (P≥0.05) difference 

between treatments in 5th leaf chlorophyll content at 51 DAPS. From 81 to 104 DAP, maize 

plants that received Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules recorded 

significantly wider 5th leaf chlorophyll content than plants grown on unamended plot (Table 

4.7). The amended plots did not differ significantly in 5th leaf chlorophyll content from 81 to 

104 DAP. Maize plants grown on unamended plots recorded the least 5th leaf chlorophyll 

content throughout the entire growing period (Table 4.7).  

In 2023 minor cropping season, there were significant (P≤ 0.05) differences between the 

treatments in 5th leaf chlorophyll content from 51 to 104 DAP. At 51 DAP, maize plants grown 

with Granule (90-60-60 kg/ha NPK) + Urea Granules recorded the highest 5th leaf chlorophyll 

content and was significantly (P≤ 0.05) different from maize plants grown on unamended plot 

(Table 4.8). From 81 to 104 DAP, maize plants that received Granule (90-60-60 kg/ha NPK) 

+ 20S + (NH4)2SO4 Granules recorded the highest 5th leaf chlorophyll content and differed 

significantly from maize plants that received Granule (90-60-60 kg/ha NPK) + Urea Granules 

as well as maize plants grown on unamended plots (Table 4.8). 
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Table 4. 7: Effect of different rates of Granules NPK fertilizer on 5th leaf chlorophyll content of 

maize during the 2023 major cropping season 

Treatment 

5th leaf chlorophyll Content 

(µmol/m2) 

 51 DAP 81 DAP 111 DAP 

Control (No fertilizer)   39.63  41.80b  37.37b  

Granule (70-50-50 kg/ha NPK) + Urea Granules  42.08  46.65a  40.63ab  

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granules  42.02  48.25a  40.32ab  

Granule (90-60-60 kg/ha NPK) + Urea Granules  42.42  46.67a  41.11ab  

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules  40.53  48.26a  43.04a  

HSD (P ≤ 0.05)  NS  4.59  5.01  

CV (%)  5.85  6.44  8.01  

Means bearing the same letters within a column are not significantly different at 5% level of significance; 

HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; DAP = Days after planting 

     
 

 

Table 4. 8: Effect of different rates of Granules NPK fertilizer on 5th leaf chlorophyll content of 

maize during the 2023 minor cropping season 

Treatment 

5th leaf chlorophyll Content 

(µmol/m2) 

 51 DAP 81 DAP 111 DAP 

Control (No fertilizer)   43.31b  32.21c  31.50c  

Granule (70-50-50 kg/ha NPK) + Urea Granules  47.47a  38.87ab  38.15ab  

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granules  47.82a  37.25ab  36.92ab  

Granule (90-60-60 kg/ha NPK) + Urea Granules  50.31a  34.91bc  34.11bc  

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules  48.98a  39.35a  38.69a  

HSD (P ≤ 0.05)  3.24  4.37  4.37  

CV (%)  4.42  7.77  7.89  

Means bearing the same letters within a column are not significantly different at 5% level of significance; 

HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; DAP = Days after 

planting 

 

4.4.6 6th Leaf Chlorophyll Content  

The results on 6th leaf chlorophyll content as influenced by different rates of Granule NPK 

fertilizer during 2023 major and 2023 minor cropping seasons are presented in Tables 4.9 and 

Table 4.10. In 2023 major cropping season, there were no significant (P≥0.05) differences 

between treatments in 6th leaf chlorophyll content at 51 and 104 DAP. However, at 81 DAP, 

maize plants that received Granule (70-50-50 kg/ha NPK) + Urea Granules recorded 
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significantly higher 6th leaf chlorophyll content than plants grown on unamended plot (Table 

4.9).  

In 2023 minor cropping season, there were significant (P≤ 0.05) differences between the 

treatments in 6th leaf chlorophyll content from 51 to 104 DAP. From 51 to 104 DAP, maize 

plants grown on Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules recorded the 

highest 6th leaf chlorophyll content and was significantly (P≤ 0.05) different from maize plants 

grown on unamended plot (Table 4.10). 

 

Table 4. 9: Effect of different rates of Granules NPK fertilizer on 6th leaf chlorophyll content 

of maize during the 2023 major cropping season 

Treatment 

6th leaf chlorophyll Content 

(µmol/m2) 

 51 DAP 81 DAP 111 DAP 

Control (No fertilizer)   39.83  41.66b  40.17  

Granule (70-50-50 kg/ha NPK) + Urea Granules  42.97  49.14a  41.63  

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 

Granules 

 42.99  46.09ab  40.77  

Granule (90-60-60 kg/ha NPK) + Urea Granules  41.98  46.59ab  42.93  

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 

Granules 

 41.81  48.16a  42.51  

HSD (P ≤ 0.05)  NS  5.05  NS  

CV (%)  7.67  7.08  7.285  

Means bearing the same letters within a column are not significantly different at 5% level of 

significance; HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; DAP = 

Days after planting 
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Table 4. 10: Effect of different rates of Granules NPK fertilizer on 6th leaf chlorophyll content 

of maize during the 2023 minor cropping season 

Treatment 

6th leaf chlorophyll Conetent 

(µmol/m2) 

 51 DAP 81 DAP 111 DAP 

Control (No fertilizer)   43.31b  32.21c  31.50c  

Granule (70-50-50 kg/ha NPK) + Urea Granules  47.47a  38.87ab  38.15ab  

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 

Granules 

 47.82a  37.25ab  36.92ab  

Granule (90-60-60 kg/ha NPK) + Urea Granules  50.31a  34.91bc  34.11bc  

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 

Granules 

 48.98a  39.35a  38.69a  

HSD (P ≤ 0.05)  3.24  4.37  4.37  

CV (%)  4.42  7.77  7.89  

Means bearing the same letters within a column are not significantly different at 5% level of 

significance; HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; DAP = 

Days after planting 

 

4.4.7 Internode Length  

The results on internode length as affected by different rates of Granule NPK fertilizer during 

2023 major and 2023 minor cropping seasons are presented in Tables 4.11 and 4.12.  

There were significant (P≤ 0.05) differences between treatments in internode length across 

both cropping seasons. In 2023 major cropping season, maize plants that received Granule 

(7050-50 kg/ha NPK) + Urea Granules recorded significantly longer internode length than 

maize plants that received Granule (90-60-60 kg/ha NPK) + S + (NH4)2SO4 Granules from 44 

to 86 DAP (Table 4.11).  

In 2023 minor cropping season, maize plants that received Granule (90-60-60 kg/ha NPK) + 

Urea Granules recorded the highest internode length and was significantly different from 

maize plants that received Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules as 

well as plants grown on unamended plot from 44 to 86 DAP. Among amended plots, maize 

plants that received Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules recorded 

the shortest internode length (Table 4.12).  
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Table 4. 11: Effect of different rates of Granules NPK fertilizer on internode length of maize 

during the 2023 major cropping season 

Treatment 
Internode length (cm) 

44 DAP 58 DAP 72 DAP 86 DAP 

Control (No fertilizer)  9.78ab  12.00ab  14.45ab  15.10ab  

Granule (70-50-50 kg/ha NPK) + Urea Granules 11.73a  14.00a  15.35a  16.40a  

Granule (70-50-50 kg/ha NPK) + 20S + 

(NH4)2SO4 Granules 

10.25ab  13.43ab  15.20a  16.05a  

Granule (90-60-60 kg/ha NPK) + Urea Granules 10.27ab  12.80ab  15.15a  15.75ab  

Granule (90-60-60 kg/ha NPK) + 20S + 

(NH4)2SO4 Granules 

8.43b  11.20b  12.35b  13.15b  

HSD (P ≤ 0.05) 2.80  2.49  2.56  2.63  

CV (%) 18.03  12.75  11.46  11.15  

Means bearing the same letters within a column are not significantly different at 5% level of 

significance; HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; DAP = 

Days after planting 

     
 

 

Table 4. 12: Effect of different rates of Granules NPK fertilizer on internode length of maize 

during the 2023 minor cropping season 

Treatment 
Internode length (cm) 

44 DAP 58 DAP 72 DAP 86 DAP 

Control (No fertilizer)  7.31c  9.35b  11.38b  12.28c  

Granule (70-50-50 kg/ha NPK) + Urea Granules 10.63ab  12.80a  14.08a  15.10ab  

Granule (70-50-50 kg/ha NPK) + 20S + 

(NH4)2SO4 Granules 

8.91bc  12.60a  14.65a  15.75a  

Granule (90-60-60 kg/ha NPK) + Urea Granules 11.70a  13.00a  15.45a  16.28a  

Granule (90-60-60 kg/ha NPK) + 20S + 

(NH4)2SO4 Granules 

7.93c  10.05b  11.48b  12.90bc  

HSD (P ≤ 0.05) 2.17  1.96  2.26  2.46  

CV (%) 15.14  11.01  10.94  11.03  

Means bearing the same letters within a column are not significantly different at 5% level of 

significance; HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; DAP = 

Days after planting 

 

 

4.4.8 Shoot Dry Weight Per Plant  

The results on shoot dry weight per plant as affected by different rates of Granule NPK 

fertilizer during 2023 major and 2023 minor cropping seasons is presented in Tables 4.13 and 

4.14. In 2023 major cropping season, at 49 DAP, maize plants that received Granule (70-50-

50 kg/ha NPK + 20S + (NH4)2SO4 Granules; recorded significantly heavier shoot dry weight 
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per plant than maize plants grown on Control (No fertilizer) with the least mean (Table 4.13). 

There were no significant (P≥0.05) differences between treatments in shoot dry weight per 

plant from 63 to 77 DAP (Table 4.13).  

In 2023 minor cropping season, maize plants grown on Granule (70-50-50 kg/ha NPK + 20S 

+ (NH4)2SO4 Granules recorded the heaviest shoot dry weight per plant and was significantly 

different from maize plants grown on Granule (90-60-60 kg/ha NPK) + Urea Granules (Table 

4.19). There were no significant (P≥0.05) differences between treatments in shoot dry weight 

per plant from 63 to 77 DAP (Table 4.14). 

Table 4. 13: Effect of different rates of Granules NPK fertilizer on shoot dry weight per 

plant of maize during the 2023 major cropping season Treatment 

Treatment 
Shoot dry weight per plant (g) 

 49 DAP  63 DAP  77 DAP  

Control (No fertilizer)   32.75c  73.00  87.00  

Granule (70-50-50 kg/ha NPK) + Urea Granules  49.00bc  88.00  93.50  

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 

Granules 

 69.50a  79.75  86.60  

Granule (90-60-60 kg/ha NPK) + Urea Granules  63.50ab  84.50  90.25  

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 

Granules 

 56.75ab  88.25  91.75  

HSD (P ≤ 0.05)  19.01  NS  NS  

CV (%)  22.72  18.48  24.87  

Means bearing the same letters within a column are not significantly different at 5% level of 

significance; HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; DAP 

= Days after planting 

     
 

 

Table 4. 14: Effect of different rates of Granules NPK fertilizer on shoot dry weight per 

plant of maize during the 2023 minor cropping season  

Treatment 
Shoot dry weight per plant (g) 

 49 DAP  63 DAP  77 DAP  

Control (No fertilizer)   43.50 70.00  88.00  

Granule (70-50-50 kg/ha NPK) + Urea Granules  46.00  66.50  86.50  

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 

Granules 

 48.75  73.50  92.50  

Granule (90-60-60 kg/ha NPK) + Urea Granules  44.75 62.00  92.25  

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 

Granules 

 48.25 65.00  84.75  

HSD (P ≤ 0.05)  NS  NS  NS  
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CV (%)  15.81  11.19  24.87  

Means bearing the same letters within a column are not significantly different at 5% level of 

significance; HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; DAP 

= Days after planting 

 

4.5 Physiological Growth Parameters  

4.5.1 Crop Growth Rate  

Tables 4.22 show the result on Crop Growth Rate (CGR) as influenced by different rates of 

Granule NPK fertilizer during 2023 major and 2023 minor cropping seasons. There were no 

significant (P≥0.05) differences between treatments, seasons and treatment x seasons 

interactions in crop growth rate from 0-7 WAP to 9-11 WAP (Table 4.15). However, the crop 

growth rate values recorded in 2023 minor cropping season was higher than those in 2023 

major cropping season. Generally, CGR values were increased gradually from 0 - 7 WAP 

through to 9 – 11 WAP across both cropping seasons across both seasons (Table 4.15).  

 

4.6 Relative Growth Rate 

Table 4.23 presents the Relative Growth Rate (RGR) results influenced by different rates of 

Granule NPK fertilizer during the 2023 major and minor cropping seasons. There were no 

significant (P≥0.05) differences between treatments, seasons, or treatment x season 

interactions in RGR from 0-7 WAP to 9-11 WAP, except at 0-7 during the 2023 minor 

cropping season (Table 4.16). However, the RGR values recorded in the 2023 minor cropping 

season were higher than those in the 2023 major cropping season. Generally, RGR values were 

high from 0-7 WAP and then decreased from 7-9 WAP through to 9-11 WAP across both 

cropping seasons (Table 4.16). 
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Table 4. 15: Effect of different rates of Granules NPK fertilizer on crop growth rate of maize during the 2023 major and minor cropping seasons 

Treatment  

  Crop growth rate (g m-2day-1)  

Major Season Minor Season 

0-7 WAP 7-9 WAP 9-11 WAP  0-7 WAP 7-9 WAP 9-11 WAP 

Control (No fertilizer)  11.36  23.91  43.29   10.41  16.83  37.10  

Granule (70-50-50 kg/ha NPK) + Urea Granules 14.51  17.48  34.11   16.10  22.12  30.86  

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granules 11.78  16.83  35.09   11.95  20.16  34.19  

Granule (90-60-60 kg/ha NPK) + Urea Granules 9.93  17.01  36.87   11.77  26.11  44.54  

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules 11.77  26.64  37.88   14.51  25.16  41.21  

Mean  11.87  20.73  31.45   12.95  22.07  37.58  

HSD (P ≤ 0.05)  NS  NS  NS   NS  NS  NS  

CV (%)  27.49  51.74  48.62  35.25  41.02  30.54  

Means bearing the same letters within a column are not significantly different at 5% level of significance; HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; 

DAP = Days after planting.  
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Table 4. 16: Effect of different rates of Granules NPK fertilizer on relative growth rate of maize during the 2023 major and minor cropping seasons 

Treatment  

  Relative growth rate (g m-2day-1) 

Major Season Minor Season 

0-7 WAP 7-9 WAP 9-11 WAP  0-7 WAP 7-9 WAP 9-11 WAP 

Control (No fertilizer)  0.48 0.35 0.11  0.54a 0.20 0.08 

Granule (70-50-50 kg/ha NPK) + Urea Granules 0.48 0.26 0.10  0.54a 0.19 0.11 

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granules 0.51 0.31 0.11  0.52a 0.22 0.08 

Granule (90-60-60 kg/ha NPK) + Urea Granules 0.50 0.23 0.07  0.48b 0.31 0.14 

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules 0.47 0.30 0.13  0.52a 0.17 0.18 

Mean  0.49 0.29 0.11  0.52 0.22 0.12 

HSD (P ≤ 0.05)  NS NS NS  0.04 NS NS 

CV (%)  6.33 37.18 52.98  4.00 52.35 47.65 

Means bearing the same letters within a column are not significantly different at 5% level of significance; HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; 

DAP = Days after planting.  
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4.7 Yield and Yield Components of Maize 

4.7.1 Number of Plants Harvested  

Table 4.17 shows the result on number of plants harvested as affected by different rates of 

Granule NPK fertilizer during 2023 major and 2023 minor cropping seasons. In 2023 major 

cropping season, maize plants that received Granule (70-50-50 kg/ha NPK + 20S + (NH4)2SO4 

Granules recorded the highest (55.75) number of plants harvested and was significantly 

different from maize plants grown on other amended as well as maize plants grown on the 

unamended plot. The least number of plants harvested (33.50) was recorded by maize plants 

grown on unamended plots and was significantly lower than all the amended plots (Table 

4.17). 

In 2023 minor cropping season, maize plants that received Granule (70-50-50 kg/ha NPK + S 

+ (NH4)2SO4 Granules recorded the highest (53.00) number of plants harvested and was 

significantly different from maize plants grown on the unamended plot which recorded the 

least mean of 35.25. There were no significant (P≥0.05) differences between seasons and 

treatment x season interactions in number of plants harvested (Table 4.17). 

4.7.2 Number of Lodged Plants Per Plot 

Table 4.17 shows the result on number of lodged plants as affected by different rates of 

Granule NPK fertilizer during 2023 major and 2023 minor cropping seasons. Across both 

cropping seasons, maize plants grown on unamended plot recorded the highest (14.50 and 

14.50) number of lodged plants and was significantly (P≤ 0.05) different from maize plants 

grown on Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules with least number of 

lodged plants (7.75 and 9.75). Maize plants that received Granule (90-60-60 kg/ha NPK) + 

20S + (NH4)2SO4 Granules recorded the least number of lodged plants as compared to the 

other amended plots during both cropping seasons (Table 4.17). There were no significant 

(P≥0.05) differences between season and treatment x season interactions in number of lodged 

plants per plot (Table 4.17).  
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Table 4. 17: Effect of different rates of Granules NPK fertilizer on number of plants harvested 

and number of lodged plants per plot of maize during both seasons 

Treatment Number of plants 

harvested 

Number of lodged 

plants per plot 

 Major 

season 

Minor 

season 

Major 

season 

Minor 

season 

Control (No fertilizer)  34d 35d 15a 15a 

Granule (70-50-50 kg/ha NPK) + Urea Granules 41c 43bc 11bc 11b 

Granule (70-50-50 kg/ha NPK) + 20S + 

(NH4)2SO4 Granules 

56a 53a 11bc 13ab 

Granule (90-60-60 kg/ha NPK) + Urea Granules 45bc 47b 11ab 12ab 

Granule (90-60-60 kg/ha NPK) + 20S + 

(NH4)2SO4 Granules 

47b 41 cd 8c 10b 

Mean 44 44 11 12 

HSD (P ≤ 0.05) 6.41 5.54 3.39 3.15 

CV (%) 9.41 8.23 20.09 17.20 

     

Treatment = 4.80**  2.21** 

Season = NS  NS 

Treatment x Season = NS  NS 
Means bearing the same letters within a column are not significantly different at 5% level of significance; 

HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; DAP = Days after planting. 

 

4.7.3 Number of Cobs Per Plot 

Table 4.18 shows the result on number of cobs per plot as affected by different rates of Granule 

NPK fertilizer during 2023 major and 2023 minor cropping seasons. Across both cropping 

seasons, maize plants grown on unamended plot recorded the least (33.75 and 30.20) number 

of cobs per plot and was significantly (P≤ 0.05) different from maize plants grown on Granule 

(70-50-50 kg/ha NPK + 20S + (NH4)2SO4 Granules with the highest number of cobs per plot 

(58.25 and 53.00). Maize plants that received on Granule (70-50-50 kg/ha NPK + 20S + 

(NH4)2SO4 Granules produced significantly higher number of cobs per plot as compared to 

the other amended plots during both cropping seasons (Table 4.18). There were no significant 

(P≥0.05) differences between season and treatment x season interactions on number of cobs 

per plot (Table 4.18). 
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Table 4. 18: Effect of different rates of Granules NPK fertilizer on number of cobs per plot of 

maize during the 2023 major and minor cropping seasons 

Treatment Number of cobs per 

plot 

 Major 

season 

Minor 

season 

Control (No fertilizer)  34d 34d 

Granule (70-50-50 kg/ha NPK) + Urea Granules 44bc 44bc 

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granules 58a 58a 

Granule (90-60-60 kg/ha NPK) + Urea Granules 40cd 40cd 

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules 48b 48b 

Mean 45 45 

HSD (P ≤ 0.05) 6.18 6.18 

CV (%) 8.96 8.96 

   

Treatment = 4.80** 

Season = NS 

Treatment x Season = NS 
Means bearing the same letters within a column are not significantly different at 5% level of significance; 

HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; DAP = Days after planting. 

 

 

4.7.4 Cob Length  

Table 4.19 shows the result on cob length as affected by different rates of Granule NPK 

fertilizer during 2023 major and 2023 minor cropping seasons. In 2023 major cropping season, 

maize plants that received Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules 

recorded the longest cob length (18.55 cm) and was significantly (P≤ 0.05) different from 

maize plants grown on unamended plot with the shortest cob length of 16.81 cm (Table 4.19).  
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In 2023 minor cropping season, maize plants grown on Granule (70-50-50 kg/ha NPK + 20S 

+ (NH4)2SO4 Granules recorded significantly longer (17.10 cm) cob length than plants grown 

on unamended plot (14.62 cm) (Table 4.19). There were no significant (P≥0.05) differences 

between the amended plots in cob length across both cropping seasons (Table 4.19). Cob 

length recorded in 2023 major cropping season was significantly higher than those in 2023 

minor cropping season. There was no significant (P≥0.05) difference between treatment x 

season interactions in cob length (Table 4.19). 

4.7.5 Cob Diameter 

The result on cob diameter as influenced by different rates of Granule NPK fertilizer during 

2023 major and 2023 minor cropping seasons is presented in Table 4.19. There were 

significant (P≤ 0.05) differences between the treatments in cob diameter across both cropping 

seasons. In 2023 major cropping season, maize plants grown on Granule (70-50-50 kg/ha NPK 

+ 20S + (NH4)2SO4 Granules recorded significantly wider (5.42 cm) cob diameter than plants 

grown on unamended plot (4.16 cm) (Table 4.19). Maize plants grown on Granule (70-50-50 

kg/ha NPK + 20S + (NH4)2SO4 Granules recorded significantly wider cob diameter than 

plants grown on all other amended plots (Table 4.19). 

In 2023 minor cropping season, amending soils with Granule (70-50-50 kg/ha NPK + 20S + 

(NH4)2SO4 Granules recorded the widest cob diameter (5.01 cm) and was significantly (P≤ 

0.05) different from plants grown on unamended plot (4.08 cm) and Granule (70- 50-50 kg/ha 

NPK) + Urea Granules (4.55 cm) (Table 4.19). Cob diameter recorded in 2023 major cropping 

season was significantly higher than those in 2023 minor cropping season. There was no 

significant (P≥0.05) difference between treatment x season interactions in cob diameter (Table 

4.19). 
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Table 4. 19: Effect of different rates of Granules NPK fertilizer on cob length, cob diameter 

and number of seeds per cob of maize during both seasons 

Treatment Cob length (cm) Cob diameter (cm) 

 Major 

season 

Minor 

season 

Major 

season 

Minor 

season 

Control (No fertilizer)  16.81b 14.62b 4.16d 4.08c 

Granule (70-50-50 kg/ha NPK) + Urea Granules 17.36ab 16.82a 4.89c 4.55b 

Granule (70-50-50 kg/ha NPK) + 20S + 

(NH4)2SO4 Granules 

18.05a 17.10a 5.42a 5.01a 

Granule (90-60-60 kg/ha NPK) + Urea Granules 17.61ab 16.11ab 5.14b 4.91ab 

Granule (90-60-60 kg/ha NPK) + 20S + 

(NH4)2SO4 Granules 

18.55a 16.98a 4.84c 4.75ab 

Control (No fertilizer)  17.67 16.32 4.89 4.66 

Mean 17.67 16.32 4.89 4.66 

HSD (P ≤ 0.05) 1.22 1.60 0.20 0.46 

CV (%) 4.47 6.36 2.71 6.35 

     

Treatment = 0.99**  0.24** 

Season = 0.63**  0.15** 

Treatment x Season = NS  NS 
Means bearing the same letters within a column are not significantly different at 5% level of significance; 

HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; DAP = Days after planting. 

 

4.7.6 Number of Seeds Per Cob 

From Table 4.20, there were significant (P≤ 0.05) differences between the treatments in 

number of seeds per cob across both cropping seasons. In 2023 major cropping season, maize 

plants grown on Granule (70-50-50 kg/ha NPK + 20S + (NH4)2SO4 Granules recorded 

significantly higher number (627.80) of seeds per cob than plants grown on unamended plot 

(486.80) (Table 4.20). However, all the amended plots did not significantly affect the number 

of seeds per cob. 

In 2023 minor cropping season, amending soils with Granule (70- 50-50 kg/ha NPK) + Urea 

Granules recorded the highest number of seeds per cob (498.70) and was significantly different 

from maize plants grown on unamended plot (443.15) and Granule (90-60-60 kg/ha NPK) + 

20S + (NH4)2SO4 Granules (444.35). The unamended plot recorded the least number of seeds 

per cob (Table 4.27). Number of seeds per cob recorded in 2023 major cropping season was 

significantly higher than those in 2023 minor cropping season. There was no significant 
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(P≥0.05) difference between treatment x season interactions on number of seeds per cob 

(Table 4.20). 

Table 4. 20: Effect of different rates of Granules NPK fertilizer on number of seeds per cob 

of maize during the 2023 major and minor cropping seasons 

Treatment Number of seeds per 

cob 

 Major 

season 

Minor 

season 

Control (No fertilizer)  487b 443b 

Granule (70-50-50 kg/ha NPK) + Urea Granules 596a 499a 

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 

Granules 

628a 482ab 

Granule (90-60-60 kg/ha NPK) + Urea Granules 577ab 472ab 

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 

Granules 

581ab 444b 

Mean 573 468 

HSD (P ≤ 0.05) 100.37 52.39 

CV (%) 11.36 7.27 

Treatment = 0.99** 

Season = 0.63** 

Treatment x Season = NS 
Means bearing the same letters within a column are not significantly different at 5% level of significance; 

HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; DAP = Days after planting. 

 

4.7.7 100-Seed Weight 

From Table 4.21, there were significant (P≤ 0.05) differences between the treatments in 100-

seed weight across both cropping seasons. Across both cropping seasons, maize plants that 

received Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules recorded the highest 

100-seed weight (46.25 g and 45.50 g) and was significantly different from maize plants grown 

on unamended plot (30.75 g and 29.75g), Granule (70-50-50 kg/ha NPK) + Urea Granules 

(38.50 g and 36.75 g) and maize plants grown on Granule (90-60-60 kg/ha NPK) + Urea 

Granules (36.75 g and 35.50 g). Maize plants grown on all amended plots differed significantly 

(P≤ 0.05) higher 100-seed weight than maize plants grown on the unamended plot (Table 

4.21). There was no significant (P≥0.05) difference between season and treatment x season 

interactions on 100-seed weight (Table 4.21). 
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Table 4. 21 Effect of different rates of Granules NPK fertilizer on 100-seed weight, and 

Undehusked cob weight per plot of maize during the 2023 major and minor 

cropping seasons 

Treatment 

100-seed weight (g) 

Major 

season 

Minor 

season 

Control (No fertilizer)  30.75d 29.75c 

Granule (70-50-50 kg/ha NPK) + Urea Granules 38.50bc 36.75b 

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granules 41.75ab 40.50ab 

Granule (90-60-60 kg/ha NPK) + Urea Granules 36.75c 35.50b 

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules 46.25a 45.50a 

Mean 38.80 37.60 

HSD (P ≤ 0.05) 4.68 5.29 

CV (%) 7.83 9.13 

   

Treatment = 3.24**  

Season = NS  

Treatment x Season = NS  
Means bearing the same letters within a column are not significantly different at 5% level of significance; 

HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; DAP = Days after planting. 

 

 

4.7.8 Dehusked Cob Weight Per Plot 

From Table 4.22, there were significant (P≤ 0.05) differences between the treatments in 

dehusked cob weight per plot across both cropping seasons. In 2023 major cropping season, 

maize plants grown on Granule (70-50-50 kg/ha NPK + 20S + (NH4)2SO4 Granules recorded 

the heaviest (6.75 kg) dehusked cob weight per plot and was significantly (P≤ 0.05) different 

from plants grown on unamended plot (4.75 kg) (Table 4.22).  

In 2023 minor cropping season, amending soils with Granule (70- 50-50 kg/ha NPK) + Urea 

Granules recorded the heaviest (7.25 kg) dehusked cob weight per plot and was significantly 

(P≤ 0.05) different from maize plants grown on unamended plot (3.75 kg). Maize plants that 

received Granule (90-60-60 kg/ha NPK) + Urea Granules and Granule (90-60-60 kg/ha NPK) 

+ 20S + (NH4)2SO4 Granules recorded the same dehusked cob weight of 6.50 kg and differed 

significantly from the control (3.75 kg). There were no significant (P≥0.05) differences 

between all the amended plots in dehusked cob weight per plot across both cropping seasons. 
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There were no significant (P≥0.05) differences between season and treatment x season 

interactions on undehusked cob weight per plot (Table 4.22). 

Table 4. 22: Effect of different rates of Granules NPK fertilizer on Dehusked cob weight per 

plot of maize during the 2023 major and minor cropping seasons 

Treatment Dehusked cob 

weight per plot (kg) 

 Major 

season 

Minor 

season 

Control (No fertilizer)  4.75b 4.75b 

Granule (70-50-50 kg/ha NPK) + Urea Granules 6.25ab 6.25ab 

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granules 6.75a 6.75a 

Granule (90-60-60 kg/ha NPK) + Urea Granules 5.75ab 5.75ab 

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules 6.50a 6.50a 

Mean 6.00 6.00 

HSD (P ≤ 0.05) 1.66 1.66 

CV (%) 18.00 18.00 

   

Treatment = 1.30**  

Season = NS  

Treatment x Season = NS  
Means bearing the same letters within a column are not significantly different at 5% level of significance; 

HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation; DAP = Days after planting. 

 

4.7.9  Stover Weight Per Plot 

The result on stover weight per plot as influenced by different rates of granule NPK fertilizer 

is shown in Table 4.23. There were significant (P≤ 0.05) differences between the treatments 

in stover weight per plot across both cropping seasons. In 2023 major cropping season, maize 

plants grown on Granule (70-50-50 kg/ha NPK) + Urea Granules recorded the heaviest (16.50 

kg) stover weight per plot and was significantly (P≤ 0.05) different from plants grown on 

unamended plot (4.75 kg) (Table 4.23).  

In 2023 minor cropping season, amending soils with Granule (90-60-60 kg/ha NPK) + Urea 

Granules recorded the heaviest (16.25 kg) stover weight per plot and was significantly (P≤ 

0.05) different from maize plants grown on unamended plot (10.00 kg). There were no 

significant (P≥0.05) differences between all the amended plots in stover weight per plot across 
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both cropping seasons. There were no significant (P≥0.05) differences between season and 

treatment x season interactions on stover weight per plot (Table 4.23). 

 

4.7.10  Harvest Index 

The result on harvest index as influenced by different rates of granule NPK fertilizer is shown 

in Table 4.23. There were significant (P≤ 0.05) differences between the treatments in harvest 

index across both cropping seasons. In 2023 major cropping season, maize plants grown on 

Granule (70-50-50 kg/ha NPK) + Urea Granules recorded the highest (0.69) harvest index and 

was significantly (P≤ 0.05) different from plants grown on unamended plot (0.30) (Table 4.23). 

All maize plants grown on the amended plots differed significantly from maize plants grown 

on unamended plot (Table 4.23). 

In 2023 minor cropping season, amending soils with Granule (90-60-60 kg/ha NPK) + S + 

(NH4)2SO4 Granules recorded significantly higher harvest index (0.61) than maize plants 

grown on unamended plot with recorded the least the mean (0.41) as well as Granule (90-60-

60 kg/ha NPK) + Urea Granules with mean value of 0.45. There was no significant (P≥0.05) 

difference between season on harvest index (Table 4.23). However, the interaction between 

treatment and season was significantly different in harvest index. 
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Table 4. 23: Effect of different rates of Granules NPK fertilizer on stover weight per plot and 

harvest index of maize during 2023 major and minor cropping seasons 

 

4.7.11  Grain Yield 

Table 4.24 shows the result on grain yield affected by different rates of granule NPK fertilizer 

during 2023 major and 2023 minor cropping seasons. The treatments significantly (P≤ 0.05) 

affected grain yield across both cropping seasons. In 2023 major cropping season, maize plants 

that received Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules recorded the 

highest (4.81 t/ha) grain yield which differed significantly (P≤ 0.05) from maize plants grown 

on unamended plot (3.00 t/ha) (Table 4.24). All maize plants grown on the amended plots did 

not differ significantly from each other but differed significantly (P≤ 0.05) from maize plants 

grown on unamended plot in harvest (Table 4.24). 

In 2023 minor cropping season, maize plants that received Granule (90-60-60 kg/ha NPK) + 

Urea Granules recorded significantly higher (4.72 t/ha) grain yield than maize plants grown 

on unamended plot which recorded the least the mean (2.92 t/ha). All maize plants grown on 

the amended plots did not differ significantly from each other but differed significantly (P≤ 

Treatment 

Stover weight per 

plot (kg) 

Harvest index 

Major 

season 

Minor 

season 

Major 

season 

Minor 

season 

Control (No fertilizer)  11.00b 10.00b 0.30c 0.41b 

Granule (70-50-50 kg/ha NPK) + Urea Granules 16.50a 14.75a 0.69a 0.55ab 

Granule (70-50-50 kg/ha NPK) + S + (NH4)2SO4 

Granules 

14.75ab 14.25a 0.57ab 0.47ab 

Granule (90-60-60 kg/ha NPK) + Urea Granules 13.75ab 16.25a 0.51b 0.45b 

Granule (90-60-60 kg/ha NPK) + S + (NH4)2SO4 

Granules 

15.25a 13.50ab 0.50b 0.61a 

Mean 14.25 13.75 0.51 0.50 

HSD (P ≤ 0.05) 3.79 4.19 0.17 0.15 

CV (%) 17.27 19.77 21.99 18.98 

    

Treatment = 2.74** 0.10** 

Season = NS NS 

Treatment x Season = NS 0.14** 
Means bearing the same letters within a column are not significantly different at 5% level of significance; HSD= 

Tukey’s Honestly Significant Difference; CV = Coefficient of variation. 
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0.05) from maize plants grown on unamended plot in grain yield (Table 4.24). There was no 

significant (P≥0.05) difference between season, and treatment x season interactions in grain 

yield (Table 4.24).  

 

Table 4. 24: Effect of different rates of Granules NPK fertilizer on grain weight per plot and 

grain yield of maize during 2023 the major and minor cropping seasons 

 

  

Treatment 

 Grain yield (t/ha) 

  Major 

season 

Minor 

season 

Control (No fertilizer)  3.00b 2.92b 

Granule (70-50-50 kg/ha NPK) + Urea Granules 4.67a 4.64a 

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granules 4.70a 4.22a 

Granule (90-60-60 kg/ha NPK) + Urea Granules 4.78a 4.72a 

Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules 4.81a 4.42a 

Mean   4.39 4.18 

HSD (P ≤ 0.05)   1.22 1.21 

CV (%)   18.09 18.74 

Treatment = 0.75**      0.83** 

Season = NS   NS 

Treatment x Season = NS   NS 

Means bearing the same letters within a column are not significantly different at 5% level of 

significance; HSD= Tukey’s Honestly Significant Difference; CV = Coefficient of variation. 
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4.7.12  Correlation between Vegetative and Yield and Yield Components 

The results on correlation matrix among vegetative and yield and yield components parameters 

of maize during 2023 major and 2023 minor cropping seasons are presented in Tables 4.25 

and 4.26. In 2023 major cropping season, there was a strong and positive correlation between 

plant height and number of leaves per plant (0.73***). There was a moderate and positive 

correlation between leaf chlorophyll content and grain yield (0.57**) and cob diameter and 

grain yield (0.57**). However, plant height and grain yield (0.44*) as well as number of leaves 

per plant and cob diameter (0.43*) had a low and positive correlation during 2023 major 

cropping season. About 67% of the parameters correlated showed no significant correlation 

among themselves (Table 4.25). 

In 2023 minor cropping season, about 34% of the variables correlated showed a strong and 

positive correlation. Plant height and leaf chlorophyll content (0.99***), plant height and 

number of leaves per plant (0.81***), number of leaves per plant and grain yield (0.74***) 

and leaf chlorophyll content and grain yield (0.69***) showed a strong and positive 

correlation. There was a moderate and positive correlation between plant height and grain 

yield (0.64**) whereas cob length and cob diameter (0.45*) showed a low and positive 

correlation. About 54% of the variables correlated had no significant influence on each other 

(Table 4.26).  
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Table 4. 25: Correlation matrix among vegetative and yield and yield components parameters 

of maize during the 2023 major cropping season 

    1 2 3 4 5 6 

1. Plant height   1 0.73*** 0.02ns 0.16ns 0.28ns 0.44* 

2. Number of leaves per plant   1 -0.09ns 0.34ns 0.43* 0.28ns 

3. Leaf chlorophyll content    1 0.04ns 0.37ns 0.57** 

4. Cob length     1 0.42ns 0.15ns 

5. Cob diameter       1 0.57** 

6. Grain yield (t/ha)      1 

Numbers against the parameters in columns correspond with variables in rows; NS – Not significant     

* = Significant at P≤0.05; **  = Significant at P≤0.01  *** = Significant at P≤0.001 

 

 

Table 4. 26: Correlation matrix among vegetative and yield and yield components parameters 

of maize during the 2023 minor cropping season 

    1 2 3 4 5 6 

1. Plant height      1 0.81*** 0.99*** 0.22ns 0.29ns 0.64** 

2. Number of leaves per plant       1 0.82*** 0.14ns 0.24ns 0.74*** 

3. Leaf chlorophyll content    1 0.24ns 0.30ns 0.69*** 

4. Cob length     1 0.45* 0.36ns 

5. Cob diameter       1 0.26ns 

6. Grain yield (t/ha)      1 

Numbers against the parameters in columns correspond with variables in rows; NS – Not significant     

* = Significant at P≤0.05; **  = Significant at P≤0.01  *** = Significant at P≤0.001 
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4.8 Partial Budget Analysis 

Partial budget analysis was done for both major and minor cropping seasons and are shown in 

the Tables 4.27 and 4.28, respectively. The benefit to cost ratio showed that Granule (90-60-

60 kg/ha NPK) + Urea Granules recorded the highest ratio of 11.5 and 11.3 for both major and 

minor seasons, respectively, followed by Granule (70-50-50 kg/ha NPK) + Urea Granules 

which recorded 11.2 and 11.1 for major and minor seasons respectively. Granule (90-60-60 

kg/ha NPK) + S + (NH4)2SO4 Granules recorded 9.5 and 8.7 for major and minor seasons, 

respectively as the next highest, while Granule (70-50-50 kg/ha NPK) + S + (NH4)2SO4 

Granules recorded the least ratio of 9.3 and for 8.2 for major and minor seasons, respectively. 

In the dominance analysis, a treatment is dominated if it has a higher cost of production but a 

lower net benefit than another. The dominance analysis indicated that Granule (70-50-50 kg/ha 

NPK) + Urea Granules + S + (NH4)2SO4 Granules, and Granule (90-60-60 kg/ha NPK) + S + 

(NH4)2SO4 Granules were dominated by the Granule (90-60-60 kg/ha NPK) + Urea Granules 

in both seasons (Table 4.27 and Table 4.28). The Granule (70-50-50 kg/ha NPK) + Urea 

Granules had an MRR of 3.4 over the no fertilizer (control) treatment in the major season and 

over 3.3 in the minor season (Table 4.27 and Table 4.28). 
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Table 4. 27: Partial Budget Analysis for the Major Cropping Season 

 

No Fertilizer 

(Control) 

Granule (70-50-

50 kg/ha NPK) + 

Urea Granules 

Granule (70-50-50 

kg/ha NPK) + S + 

(NH4)2SO4 

Granules 

Granule (90-60-60 

kg/ha NPK) + Urea 

Granules 

Granule (90-60-60 

kg/ha NPK) + S + 

(NH4)2SO4 

Granules 

GROSS FARM BENEFITS      

Average yield (t/ha) 3 4.67 4.7 4.78 4.81 

Adjusted yields (10%) 2.7 4.203 4.23 4.302 4.329 

Farm Price/ton of maize (GHS) 7200 7200 7200 7200 7200 

Total Gross Benefits (TGB) (GHS/ha) 19440.0 30261.6 30456.0 30974.4 31168.8 

      

Cost of NPK Granule applied (GHS) 0 1.8 1.7 1.8 1.7 

Cost of Urea Granule applied (GHS) 0 1.4 0 1.4 0 

Cost of (NH4)2SO4 Granule applied (GHS) 0 0 1.5 0 1.5 

Cost of S applied (GHS) 0 0 1.2 0 1.2 

Total labour cost for fertilizer application 0 150/240 150/240 150/240 150/240 

Total Variable Cost per ha 640 3364.8 3840.0 3364.8 3840.0 

Net Benefit (GHS) 19440.0 27776.8 27496.0 28489.6 28208.8 

Benefit to Cost ratio 0 11.2 9.3 11.5 9.5 

      

MARGINAL RATE OF RETURNS (MRR)     

 
No Fertilizer 

(Control) 

Granule (70-50-

50 kg/ha NPK) + 

Urea Granules 

Granule (90-60-60 

kg/ha NPK) + Urea 

Granules 

Granule (70-50-50 

kg/ha NPK) + S + 

(NH4)2SO4 Granules 

Granule (90-60-60 

kg/ha NPK) + S + 

(NH4)2SO4 

Granules 

Total variable cost (TVC) (GHS/ha) 640 3364.8 3364.8 3840.0 3840.0 

Net benefits (GHS/ha) 19440 27776.8 28489.6 27496 28208.8 

MRR= (∆NB/∆TVC)*100 0 3.4 0 D* 0 
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Table 4. 28: Partial Budget Analysis for the Minor Cropping Season 

 
No Fertilizer 

(Control) 

Granule (70-50-

50 kg/ha NPK) + 

Urea Granules 

Granule (70-50-50 

kg/ha NPK) + S + 

(NH4)2SO4 

Granules 

Granule (90-60-60 

kg/ha NPK) + Urea 

Granules 

Granule (90-60-60 

kg/ha NPK) + S + 

(NH4)2SO4 

Granules 

GROSS FARM BENEFITS      

Average yield (t/ha) 2.92 4.64 4.22 4.72 4.42 

Adjusted yields (10%) 2.628 4.176 3.798 4.248 3.978 

Farm Price/ton of maize (GHS) 7200 7200 7200 7200 7200 

Total Gross Benefits (TGB) (GHS/ha) 18921.6 30067.2 27345.6 30585.6 28641.6 

      

Cost of NPK Granule applied (GHS) 0 1.8 1.7 1.8 1.7 

Cost of Urea Granule applied (GHS) 0 1.4  1.4  

Cost of (NH4)2SO4 Granule applied (GHS) 0  1.5  1.5 

Cost of S applied (GHS) 0  1.2  1.2 

Total labour cost for fertilizer application 0 150/240 150/240 150/240 150/240 

Total Variable Cost per ha 640 3364.8 3840.0 3364.8 3840.0 

Net Benefit (GHS) 18921.6 27582.4 24385.6 28100.8 25681.6 

Benefit to Cost ratio 0 11.1 8.2 11.3 8.7 

      

MARGINAL RATE OF RETURNS (MRR)     

 
No Fertilizer 

(Control) 

Granule (70-50-

50 kg/ha NPK) + 

Urea Granules 

Granule (90-60-60 

kg/ha NPK) + Urea 

Granules 

Granule (70-50-50 

kg/ha NPK) + S + 

(NH4)2SO4 Granules 

Granule (90-60-60 

kg/ha NPK) + S + 

(NH4)2SO4 

Granules 

Total variable cost (TVC) (GHS/ha) 0 3364.8 3364.8 2840.0 2840.0 

Net benefits (GHS/ha) 19440 27582.4 28100.8 24385.6 25681.6 
MRR= (∆NB/∆TVC)*100 0 3.3 0 D* D* 
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CHAPTER FIVE: DISCUSSION 

5.0  

5.1 Effect of Different Rates of Granules NPK Fertilizer on Soil Physico-chemical 

Properties 

Amending soils with Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granules and 

Granule (70-50-50 kg/ha NPK) + Urea Granules enhanced the chemical properties (pH, total 

N, available P, K, Mg, EC) of the soil after harvesting of maize across both cropping seasons. 

The increased chemical properties (pH, total N, available P, K, Mg, EC) under these treatments 

suggest that the specific combination and rate of NPK effectively improved soil chemical 

properties, potentially enhancing nutrient availability and uptake by crops. This was in 

agreement with Niedziński et al. (2021) who asserted that the individual physical and chemical 

properties of granules fertilizer influence the soil characteristics, changing the soil parameters 

until a new balance is reached. Niedziński et al. (2021) further observed that EC value of the 

soil solution was significantly modified under the influence of mineral granules, it reached a 

maximum of 1147 µS cm−1 on the 10th day, and for organic fertilizers of 944 µS cm−1 on the 

35th day. This contradicts the findings of Agegnehu et al. (2016) who asserted that use of 

mineral fertilizers led to a reduction in soil pH, rather than improving nutrient availability and 

uptake as suggested in the previous claim. 

In both cropping seasons, Granule (90-60-60 kg/ha NPK) + S + (NH4)2SO4 Granules and 

Granule (70-50-50 kg/ha NPK) + Urea Granules produced the highest content of calcium (Ca), 

hydrogen (H), organic matter, and organic carbon in the soil than the unamended and other 

amended plots. This could be that the application of balanced NPK fertilizers along with sulfur 

(S) and ammonium sulfate ((NH4)2SO4) enhanced the availability and uptake of nutrients in 

the soil. Similarly, Reshma et al. (2024) found that soil treated with NPK fertilizer granules 

on nutrient availability and soil fertility significantly increased compared to the unamended 

plot.   
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5.2 Effect of Different Rates of Granules NPK Fertilizer on Phenology of Maize 

Maize plants that received Granule (90-60-60 kg/ha NPK) + Urea Granules emerged 2-3 days 

earlier than those grown on the unamended plot across both cropping seasons. This could be 

that Granule (90-60-60 kg/ha NPK) + Urea Granules provided a readily available source of 

nitrogen through urea, which is crucial for early seedling vigour and growth, and an optimal 

supply of phosphorus, vital for energy transfer and root development. According to Bedwal 

(2023) the balanced NPK formulation in Granule (90-60-60 kg/ha NPK) + Urea Granules 

ensured enhanced soil fertility and created a conducive environment for seed germination and 

early growth, unlike the nutrient-deficient in unamended plot.  

The combination of Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granules significantly 

improved maize establishment rates compared to unamended plots. The combination of NPK 

and sulfur (S) plus ammonium sulfate ((NH4)2SO4) granules likely provided a balanced and 

sustained supply of essential nutrients, such as nitrogen, phosphorus, and potassium, which 

are crucial for maize growth and development (Mbangcolo, 2018). This balanced nutrient 

supply can enhance root growth, leaf development, and overall plant health, leading to higher 

crop establishment rates. The significant difference in crop establishment between the 2023 

major and 2023 minor cropping seasons, as shown in Table 4.3, can be attributed to the 

differences in the climatic and edaphic factors that prevailed during the two cropping seasons 

(Table 4.1 and Appendix 3).  

The results indicated that maize plants treated with a combination of NPK granules (70-50-50 

kg/ha) and urea granules reached 50% tasseling and silking as well as physiological maturity 

and 100% maturity significantly earlier compared to plants grown on unamended plots in both 

2023 major and 2023 minor cropping seasons. This could be due to the fact that combination 

of NPK and urea granules likely resulted in a more readily available and balanced supply of 

nutrients, particularly nitrogen, which is essential for the initiation and development of 

reproductive structures like tassels and silks (Degani et al., 2022). This is in agreement with 
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Alameraw (2020) who reported that split application of N fertilizer reduce the days to 50% 

tasseling and silking as compared to the unamended plot. This improved nutrient availability 

can accelerate the transition from the vegetative to the reproductive phase, leading to earlier 
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tasseling and silking. Degani et al. (2022) further asserted that nitrogen is a crucial element 

for various plant processes, including vegetative growth, flowering, and grain development. 

5.3 Effect of Different Rates of Granules NPK Fertilizer on Vegetative Growth of 

Maize 

The application of a fertilizer combination consisting of granule (90-60-60 kg/ha NPK) plus 

sulfur (S) and ammonium sulfate granules significantly enhanced plant growth (taller plants, 

a higher number of leaves per plant, and increased chlorophyll content of 5th and 6th leaves) 

compared to unamended plots across both cropping seasons. This might be that the balanced 

nutrient composition of the NPK fertilizer provided essential macronutrients—nitrogen (N), 

phosphorus (P), and potassium (K)—that are crucial for plant growth. Nitrogen, in particular, 

is vital for vegetative growth and leaf development, as it is a key component of chlorophyll, 

the pigment responsible for photosynthesis (Fageria, 2014). The addition of ammonium sulfate 

further enhances nitrogen availability, promoting robust leaf growth and increasing the overall 

leaf area, which can contribute to greater photosynthetic capacity. The increasing trend in 

chlorophyll content with higher nitrogen doses indicates improved nitrogen uptake by maize 

plants, resulting in greener leaves (Hassan et al., 2010). The addition of sulfur (S) is significant 

for plant growth. Sulfur is a key component in the synthesis of chlorophyll and proteins. It 

also plays a role in nitrogen fixation and is essential for the formation of certain amino acids. 

The presence of sulfur might have enhanced overall plant metabolism and contributed to 

increased plant height and leaf count (Wan et al., 2021). This indicates that maize plants 

responded positively to higher rates of NPK (90-60-60 kg/ha NPK) as evident from the 

significant increase in vegetative growth parameters as compared to the lower rates. 

Maize plants that received Granule (90-60-60 kg/ha NPK) plus Urea Granules showed the 

widest stem diameter and largest leaf area compared to both the untreated and other fertilizer 

treated plots. This can be attributed to the balanced nutrient supply provided by the NPK 
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formulation, which includes essential macronutrients: nitrogen (N), phosphorus (P), and 

potassium (K). Cheema et al. (2010) reported that increased nitrogen levels enhance plant 

height, stem thickness, leaf area, leaf area index, dry matter accumulation, net assimilate ratio, 

and yield per hectare. 

Nitrogen is crucial for vegetative growth and chlorophyll production, phosphorus supports 

energy transfer and root development, and potassium regulates physiological processes such 

as water uptake and enzyme activation. Enhanced photosynthesis is another key factor, as the 

increased nitrogen availability boosts chlorophyll content and photosynthetic rates, leading to 

improved plant growth. Improved root development, facilitated by phosphorus, enhances 

nutrient and water uptake, supporting above-ground biomass. Research by Qadeer et al. (2018) 

confirms that balanced fertilization and increased nitrogen availability significantly improve 

maize vegetative growth particularly stem diameter and plant height. Similarly, Ali & Anjum 

(2017) found that increased nitrogen application led to significant improvements in plant 

height, leaf area per plant, leaf count, stem diameter, green fodder yield, dry matter content, 

crude protein levels, crude fiber content, and total ash percentage. 

The synergistic effects of the combined NPK and urea granules contribute to overall plant 

vigour particularly stem diameter and leaf area. Urea provides an additional nitrogen source, 

ensuring a continuous and balanced nutrient supply, which promotes hormonal balance, 

cellular expansion, and stress resistance. These nutrients work together to enhance water use 

efficiency and stress resilience, as potassium regulates stomatal function, maintaining turgor 

pressure and cellular functions under varying environmental conditions (Hasanuzzaman et al., 

2018).  

Generally, maize plants that received Granule (70-50-50 kg/ha NPK) + Urea Granules, 

Granule (90-60-60 kg/ha NPK) + Urea Granules and Granule (90-60-60 kg/ha NPK) + 20S + 

(NH4)2SO4 Granules significantly enhanced internode length than the other amended plots and 
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unamended plot. This could be that the urea present provided an additional nitrogen source, 

ensuring a continuous and balanced nutrient supply, which promoted effective vegetative 

growth and development as compared to the treatment without urea.  

The treatments applied in the study exhibited similar effects and therefore had no significant 

impact on shoot dry weight, across both cropping seasons. This lack of significant difference 

suggests that the variations in treatments did not provide a differential advantage in terms of 

biomass accumulation in the shoots or roots of the maize plants. 

5.4 Effect of Different Rates of Granules NPK Fertilizer on Physiological Growth of 

Maize 

Generally, treatments, seasons and treatment x seasons interactions had no significant effect 

on crop growth rate and relative growth rate from 0-7 WAP to 9-11 WAP. This might be that 

the treatments had similar efficacy in promoting crop growth, resulting in no significant 

differences. This aligns with the findings of Sitthaphanit et al. (2010), who observed that 

reduced and delayed basal fertilizer applications did not affect CGR or RGR during the first 

30 days compared to the control. This contradicts the findings of Essilfie et al. (2023), who 

reported that amending soils with 10 t/ha CM, as well as 5 t/ha CM + 1.5 t/ha GB, resulted in 

higher CGR and RGR values compared to the control. Generally, there was a reduction in 

RGR values from 0-7 WAP to 9-11 WAP across both cropping seasons. This might be due to 

rise in metabolically active tissue that played a smaller role in overall plant growth, 

contributing to the observed downward trend (Tajul et al., 2013). This was in agreement with 

Bell (2010) who noted a sharp increase in RGR during the early phase, particularly during 30 

days after planting (DAP) until reaching 90 days after planting, followed by a gradual 

decrease. 
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5.5 Effect of Different Rates of Granules NPK Fertilizer on Yield And Yield 

Components of Maize 

The different granule NPK fertilizer combinations had significant effect on yield and yield 

components of maize across both cropping seasons. The application of a fertilizer combination 

consisting of granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 granules significantly 

enhanced maize growth, resulting in a higher number of plants harvested, more cobs per plot, 

seeds per cob, increased dehusked cob weight per plot, and wider cob diameter compared to 

maize grown on other amended and unamended plots across both cropping seasons. Similarly, 

Kumah-Amenudzi et al. (2024) found that the application of Granule NPKS 10- 20-20-3 (400 

kg ha-1) + Granule Urea 87 kg ha-1 to maize enhanced cob diameter. This might be that, the 

addition of ammonium sulphate provided a readily available source of nitrogen, which is 

crucial for plant growth and development. Studies have shown that nitrogen fertilization 

significantly improves maize yield components, including the number of cobs and cob size 

(Ann et al., 2021). Again, the presence of sulfur in the fertilizer combination might have 

played a critical role in the synthesis of amino acids and proteins.  

The inclusion of sulfur in the fertilizer mix can enhance nutrient uptake efficiency and improve 

overall plant health, leading to better yield outcomes in terms of number of plants harvested, 

cobs per plot and cob diameter (Scherer, 2013). The combination of NPK, sulfur, and 

ammonium sulphate may create synergistic effects that enhance nutrient uptake and utilization. 

Studies have demonstrated that the co-application of different nutrient sources can lead to 

improved nutrient interactions in the soil, maximizing their availability to plants and resulting 

in better yield components (Ghosh et al., 2014). 

In 2023 major cropping season, maize plants that received Granule (70-50-50 kg/ha NPK) + 

Urea Granules significantly produced higher stover weight per plot and higher harvest index 

than the other amended and unamended plots whereas in 2023 minor cropping seasons maize 

plants that received (90-60-60 kg/ha NPK) + Urea Granules recorded the highest stover weight 
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per plot and harvest index than the other amended and unamended plot. Urea is a highly 

concentrated nitrogen source that provides an immediate supply of nitrogen to plants. The 

increased nitrogen availability from urea likely contributed to the enhanced stover weight and 

cob weight observed in the fertilizer treated plots across both cropping seasons. The harvest 

index is a measure of the efficiency with which a plant converts biomass into harvestable yield. 

The application of NPK and urea likely improved the allocation of resources towards 

reproductive structures (cobs), resulting in a higher harvest index (Zhang et al., 2020). This 

indicates that the fertilizer treated plants were more efficient in converting biomass into grain 

yield. 

The significant improvements in 100-seed weight, cob length, and reduced lodging observed 

with the application of granule (90-60-60 kg/ha NPK) plus sulfur and ammonium sulphate 

granules can be attributed to enhanced nutrient availability, improved soil structure, synergistic 

nutrient effects, and increased photosynthetic capacity. Similarly, Kumah-Amenudzi et al. 

(2024) found that maize plants treated with Granule NPKS 10-20-20-3 (400 kg/ha) combined 

with Granule Urea (87 kg/ha) exhibited significantly longer cob lengths and higher 100-seed 

weight compared to those in other amended and unamended plots. These conditions 

collectively fostered an optimal environment for maize growth, enhancing yield components 

and reducing the risk of lodging. Adu-Gyamfi et al. (2019) also demonstrated that the 

availability of granular NPKS fertilizer significantly impacted maize yield and its components 

by facilitating nutrient uptake. Adu-Gyamfi et al. (2019) additionally asserted that a single 

application of multi-nutrient fertilizer briquettes led to an increase in maize seed weight. 

The different rates of granular fertilizer applied significantly affected grain weight per plot 

and grain yield in both cropping seasons.  

The significant improvements in grain weight per plot and overall grain yield observed with 

the application of granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules and Granule 

(90-60-60 kg/ha NPK) + Urea Granules can be attributed to enhanced nitrogen and sulfur 
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availability, balanced nutrient supply, improved soil conditions, and synergistic effects of 

nutrient combinations which created favorable environment for maize growth, leading to 

higher yields and better yield components (Qahar & Ahmad, 2016). However, these results 

showed that the maize grain yield recorded by all the treatments was below the national 

achievable yield of approximately 6.0 t ha-1 in Ghana which might be due to the late climate 

change and application of the granular fertilizer for the uptake by the crops (Adzawa et al., 

2024). This was in agreement with Bawa (2021). The unamended plot recorded the lowest 

grain weight per plot and overall grain yield across both cropping seasons, likely due to 

insufficient initial soil nutrients to support and promote effective plant growth, development, 

and grain formation during the grain-filling stage. 

5.6 Correlation Matrix Analysis  

The moderate and positive correlation between leaf chlorophyll content and grain yield (r = 

0.57**) suggests that higher chlorophyll levels, which are indicative of better nitrogen uptake 

and photosynthetic capacity, contribute to greater grain production. Similarly, a moderate and 

positive correlation was found between cob diameter and grain yield (r = 0.57**), implying 

that thicker cobs are associated with higher grain yields, likely due to the larger number of 

kernels or greater kernel size. This was in agreement with Micskei et al. (2012) who observed 

that the grain yield was in close positive correlation with grain number per ear and to the 

thousand-kernel weight. The correlation between plant height and grain yield suggests that 

taller plants had a slight tendency to produce more grain, although the relationship was weaker 

compared to chlorophyll content and cob diameter.  

During the 2023 major cropping season, there was a very strong and positive correlation 

between plant height and leaf chlorophyll content (r = 0.99***), indicating that taller plants 

tended to have higher chlorophyll content in their leaves. This relationship suggests that 

factors promoting increased plant height, such as optimal nutrient availability, also enhance 

chlorophyll synthesis, thereby improving photosynthetic efficiency. Leaf chlorophyll content 
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and grain yield were also strongly and positively correlated (r = 0.69***), reinforcing the idea 

that higher chlorophyll levels, indicative of better nitrogen uptake and photosynthetic capacity, 

are closely linked to increased grain yields. This finding aligns with Sid’Ko et al. (2017) who 

observed a strong correlation between chlorophyll content of leaf, grain yield, and chlorophyll 

content of various cultivars of wheat, barley, and oat. 

5.7 Partial Budget Analysis 

The total grain yield was adjusted by 10% in calculating for the gross farm gate benefits. The 

scaling down was necessary to prevent overestimation of the returns that farmers are likely to 

get, since experimental yields are usually higher than farmers yield because of higher 

management levels, small plot size, better harvesting methods and precision in harvesting. 

Apart from the control treatment (no fertilizer), all the other four treatments (Granule (70-50-

50 kg/ha NPK) + Urea Granules, Granule (70-50-50 kg/ha NPK) + S + (NH4)2SO4 Granules 

Granule (90-60-60 kg/ha NPK) + Urea Granules and Granule (90-60-60 kg/ha NPK) + S + 

(NH4)2SO4 Granules) produced a significant benefit to cost ratio of more than 1. The highest 

net benefit recorded on plants which received Granule (90-60-60 kg/ha NPK) + Urea Granules 

in both seasons might be due to rapid nutrient availability which improved yields, and 

potentially lower overall costs of production. 
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CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS 

6.0  

6.1 Conclusion 

Based on the findings of the study it can be concluded that;  

Objective one: 

 Application of Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules , Granule 

(70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granules and Granule (70-50-50 kg/ha 

NPK) + Urea Granules to the soil enhanced the chemical properties of the soil as 

compared to the control plot. 

Objective two: 

 Granule (70-50-50 kg/ha NPK + Urea granules tasselled, silked, reached physiological 

maturity and maturity earlier than the other treatments and also had higher stover 

weight per plot, cob weight per plot and longer internodes in both cropping seasons. 

 Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules and Granule (90-60-60 

kg/ha NPK) + Urea granules emerged earlier and had taller plants, more number of 

leaves per plant, higher leaf chlorophyll content, wider stem and leaf area, higher 

harvest index, stover weight per plot, cob weight per plot, least number of lodged plants 

per plot and higher grain yield. 

 Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 granules had higher number of 

plants harvested, number of cobs per plot, cob length and cob diameter across both 

cropping seasons. 

Objective three: 

 All the other four treatments (Granule (70-50-50 kg/ha NPK) + Urea Granules, Granule 

(70-50-50 kg/ha NPK) + S + (NH4)2SO4 Granules Granule (90-60-60 kg/ha NPK) + 

Urea Granules and Granule (90-60-60 kg/ha NPK) + S + (NH4)2SO4 Granules) 

produced a significant benefit to cost ratio 
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6.2 Recommendations  

It is recommended that;  

 Farmers can use Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 Granules , 

Granule (70-50-50 kg/ha NPK) + 20S + (NH4)2SO4 Granules and Granule (70-50-50 

kg/ha NPK) + Urea Granules to enhance the chemical properties of the soil. 

 Maize farmers should apply Granule (90-60-60 kg/ha NPK) + 20S + (NH4)2SO4 

Granules and/or Granule (90-60-60 kg/ha NPK) + Urea Granules for enhanced 

vegetative growth that can directly translate into higher grain yield.  

 For higher number of cobs per plot, longer cob length, wider cob diameter and higher 

number of seeds per cob, farmers should apply Granule (70-50-50 kg/ha NPK) + 20S 

+ (NH4)2SO4 Granules to their maize plants 

 Farmers should grow maize and apply Granule (90-60-60 kg/ha NPK) + 20S + 

(NH4)2SO4 Granules and Granule (90-60-60 kg/ha NPK) + Urea Granules for heavier 

grain weight per plot and higher grain yield. 

 Granule (70-50-50 kg/ha NPK) + Urea Granules and Granule (90-60-60 kg/ha NPK) + S + (NH4)2SO4 

Granules are recommended for consideration for higher profitability. 

 The study should be conducted in different agro-ecology of Ghana to confirm the 

results obtained.  



97 

REFERENCES 

7.0  

Abokyi, E., Strijker, D., Asiedu, K. F., & Daams, M. N. (2020). The impact of output price 

support on smallholder farmers' income: evidence from maize farmers in Ghana. 

Heliyon, 6(9). 

Achiri, D. T., Mbaatoh, M. H., & Njualem, D. (2017). Agronomic and yield parameters of 

CHC202 maize (Zea mays L) variety influenced by different doses of chemical 

fertilizer (NPK) in Bali Nyonga, North West Region Cameroon. Asian Journal of Soil 

Science and Plant Nutrition, 2(4), 1-9. 

Adu, G. B., Badu-Apraku, B., Akromah, R., Amegbor, I. K., Adogoba, D. S., Haruna, A., ... 

& Wiredu, A. N. (2021). Trait profile of maize varieties preferred by farmers and value 

chain actors in northern Ghana. Agronomy for sustainable development, 41, 1-15. 

Adu‐Gyamfi, R., Agyin‐Birikorang, S., Tindjina, I., Ahmed, S. M., Twumasi, A. D., Avornyo, 

V. K., & Singh, U. (2019). one‐time fertilizer briquettes application for maize 

production in Savanna agroecologies of Ghana. Agronomy Journal, 111(6), 3339-

3350. 

Adzawla, W., Setsoafia, E. D., Setsoafia, E. D., Amoabeng-Nimako, S., Atakora, W. K., 

Camara, O., Jemo, M. and Bindraban, P. S. (2024) Fertilizer use efficiency and 

economic viability in maize production in the Savannah and transitional zones of 

Ghana. Front. Sustain. Food Syst. 8:1340927. 

Agbede, T. M., Adekiya, A. O., & Eifediyi, E. K. (2017). Impact of poultry manure and NPK 

fertilizer on soil physical properties and growth and yield of carrot. Journal of 

Horticultural Research, 25(1), 81-88. 

Agegnehu, G., Bass, A. M., Nelson, P. N., & Bird, M. I. (2016). Benefits of biochar, compost 

and biochar–compost for soil quality, maize yield and greenhouse gas emissions in a 

tropical agricultural soil. Science of the Total Environment, 543, 295-306. 



98 

Agyei-Sasu, F. (2023). Structural transformation and labour market development in Sub-

Saharan Africa: Evidence from Ghana and Nigeria (Doctoral dissertation, Universitäts-

und Landesbibliothek Bonn). 

Ahmad, I., Ahmad, B., Boote, K., & Hoogenboom, G. (2020). Adaptation strategies for maize 

production under climate change for semi-arid environments. European Journal of 

Agronomy, 115, 126040. 

Ajayi, A. J. & Samuel, A. & Aiyelari, O. (2018). Effect of Sowing Dates on Performance of 

Pepper and Cowpea in a Pineapple-based Intercropping System. International Journal 

of Plant & Soil Science. 22. 1-14. 10.9734/IJPSS/2018/36824. 

Akparibo, R., Aryeetey, R. N. O., Asamane, E. A., Osei-Kwasi, H. A., Ioannou, E., Infield 

Solar, G., ... & Cecil, J. E. (2021). Food security in Ghanaian urban cities: A scoping 

review of the literature. Nutrients, 13(10), 3615. 

Alameraw, A. (2020). Effect of nitrogen fertilizer application time on the growth, yield and 

yield component of hybrid maize varieties (zea mays l) in mecha district, northwest 

Ethiopia under rain-fed condition (Doctoral dissertation). 

Alameraw, A. (2020). effect of nitrogen fertilizer application time on the growth, yield and 

yield component of hybrid maize varieties (zea mays l) in mecha district, northwest 

ethiopia under rain-fed condition. 

Ali, N., & Anjum, M. M. (2017). Effect of different nitrogen rates on growth, yield and quality 

of maize. Middle East J. Agric. Res, 6(1), 107-112. 

AliAkbari, R., Ghasemi, M. H., Neekzad, N., Kowsari, E., Ramakrishna, S., Mehrali, M., & 

Marfavi, Y. (2021). No Title. High Value Add Bio-Based Low-Carbon Materials: 

Conversion Processes and Circular Economy. Journal of Cleaner Production. 

Amanullah, H., Marwat, K. B., Shah, P., Maula, N., & Arifullah, S. (2009). Nitrogen levels 

and its time of application influence leaf area, height and biomass of maize planted at 

low and high density. Pak. J. Bot, 41(2), 761-768. 



99 

Amponsah, R., Kong, X., & Abendin, S. (2021). The Impact of Maize Trade on the 

Development of the Maize Industry in Ghana. Open Journal of Business and 

Management, 9(4), 1906-1931. 

Ankrah, D., Okyere, C., Mensah, J., & Okata, E. (2023). Effect of climate variability 

adaptation strategies on maize yield in the Cape Coast Municipality, Ghana. Cogent 

Food & Agriculture, 9(1), 2247166. 

Ann, S., Swang, I.K and Zong, P. (2021). "Impact of Biochar and Fertilizers on Maize Growth 

and Yield." Frontiers in Plant Science, 12, 665732. 

Apori, S. O., & Byalebeka, J. (2021). Contribution of corncob biochar to the chemical 

properties of a ferralsol in Uganda. Arabian Journal of Geosciences, 14(13), 1290. 

Appiah-Twumasi, M., Donkoh, S. A., & Ansah, I. G. K. (2020). Farmer innovations in 

financing smallholder maize production in Northern Ghana. Agricultural Finance 

Review, 80(3), 421-436. 

Arif, M. J., Wakil, W., Gogi, M. D., Khan, R. R., Arshad, M., Sufyan, M., ... & Majeed, S. 

(2018). Trends in sustainable management of emerging insect pests. In Developing 

Sustainable Agriculture in Pakistan (pp. 417-484). CRC Press. 

Asiamah RD (1987). Red soils of Ghana: their properties, uses, classification, problems and 

management. Huitième réunion du sous comité ouest et centre africain de correlation 

des sols por mise en valeur des terres Yaoundé, Cameroun 1(61):63.  

Atiah, W. A., Amekudzi, L. K., Akum, R. A., Quansah, E., Antwi‐Agyei, P., & Danuor, S. K. 

(2022). Climate variability and impacts on maize (Zea mays) yield in Ghana, West 

Africa. Quarterly Journal of the Royal Meteorological Society, 148(742), 185-198. 

Awunyo-Vitor, D., & Sackey, R. A. (2018). Agricultural sector foreign direct investment and 

economic growth in Ghana. Journal of Innovation and Entrepreneurship, 7(1), 15. 

Baijukya, F. P., Sabula, L., Mruma, S., Mzee, F., Mtoka, E., Masigo, J., ... & Swai, E. (2020). 

Maize production manual for smallholder farmers in Tanzania. 



100 

Bakr, N., & El-Ashry, S. M. (2018). Organic matter determination in arid region soils: loss-

on-ignition versus wet oxidation. Communications in soil science and plant analysis, 

49(20), 2587-2601. 

Battaglia, M., Lee, C., Thomason, W., & Van Mullekom, J. (2019). Effects of corn row width 

and defoliation timing and intensity on canopy light interception. Crop Science, 59(4), 

1718-1731. 

Battisti, M., Zavattaro, L., Capo, L., & Blandino, M. (2022). Maize response to localized 

mineral or organic NP starter fertilization under different soil tillage methods. 

European Journal of Agronomy, 138, 126534. 

Bawa, A. (2021). Yield and Growth Response of Maize (Zea mays L.) to Varietal and Nitrogen 

Application in the Guinea Savanna Agro‐Ecology of Ghana. Advances in Agriculture, 

2021(1), 1765251.  

Bedwal, S. (2023). Nutrition of crops in partially reclaimed sodic soils through elemental 

Sulphur based novel formulation (Doctoral dissertation, Haryana Agricultural 

University Hisar). 

Bekuma Abdisa, T., Mamo Diga, G., & Regassa Tolessa, A. (2022). Impact of climate 

variability on rain-fed maize and sorghum yield among smallholder farmers. Cogent 

Food & Agriculture, 8(1), 2057656. 

Bell, R. W. (2010). Growth and yield responses in maize to split and delayed fertilizer 

applications on sandy soils under high rainfall regimes. 

Bibi, S., Saifullah, Naeem, A., & Dahlawi, S. (2016). Environmental impacts of nitrogen use 

in agriculture, nitrate leaching and mitigation strategies. Soil science: Agricultural and 

environmental prospectives, 131-157. 

Bilgili, M. E., Vurarak, Y., & Aybek, A. (2023). Determination of Performance of No-Till 

Seeder and Stubble Cutting Prototype. Agriculture., 13(2), 289. 



101 

8.0 Biramo, G. (2018). The role of integrated nutrient management system for improving crop 

yield and enhancing soil fertility under small holder farmers in Sub-Saharan Africa: A 

review article. Modern Concepts & Developments in Agronomy, 2, 1-9. 

Biruk, G., Awoke, T., & Anteneh, T. (2021). Effect of intercropping of maize and cowpea on 

the yield, land productivity and profitability of components crops in Bena-Tsemay 

Woreda, Southern Ethiopia. International Journal of Agricultural Research, Innovation 

and Technology (IJARIT), 11(2), 147-150. 

Bonavia, D. (2013). Maize: Origin, domestication, and its role in the development of culture. 

Cambridge University Press. 

Boulter, D. (Ed.). (2012). Nucleic acids and proteins in plants I: structure, biochemistry and 

physiology of proteins (Vol. 14). Springer Science & Business Media. 

Cairns, J. E., Chamberlin, J., Rutsaert, P., Voss, R. C., Ndhlela, T., & Magorokosho, C. (2021). 

Challenges for sustainable maize production of smallholder farmers in sub-Saharan 

Africa. Journal of Cereal Science, 101, 103274. 

Carvalho, T. N. D. (2020). No Title. The Natural Frontiers of a Global Empire: The 

Pineapple—Ananas Comosus—In Portuguese Sources of the 16th Century. 

Humanities, 9(3), 89. 

ChapsItelima, J. U., Bang, W. J., onyimba, I. A., Sila, M. D., & Egbere, O. J. (2018). Bio-

fertilizers as key player in enhancing soil fertility and crop productivity: A review. 

Cheema, M.A., W. Farhad, M.F. Saleem, H.Z. Khan, A. Munir, M.A. Wahid, F. Rasul and 

H.M. Hammad. 2010. Nitrogen management strategies for sustainable maize 

production. Crop Environ. 1: 49-52 

Chlingaryan, A., Sukkarieh, S., & Whelan, B. (2018). Machine learning approaches for crop 

yield prediction and nitrogen status estimation in precision agriculture: A review. 

Computers and electronics in agriculture, 151, 61-69. 



102 

Dagne, C. (2016). Blended Fertilizers Effects on Maize Yield and Yield Components of 

Western Oromia, Ethiopia. Agriculture, Forestry and Fisheries. Vol. 5, No. 5, 2016, pp. 

151-162. doi: 10.11648/j.aff.20160505.13 

Davies, B., Coulter, J. A., & Pagliari, P. H. (2020). Timing and rate of nitrogen fertilization 

influence maize yield and nitrogen use efficiency. Plos one, 15(5), e0233674. 

De Ron, A. M., Leonardo, J., & Hinojoza, T. (2018). A Model for Sustainable Agriculture: 

The Intercropping System Common Bean-Maize. Science Society of Galicia (SCG): 

Pontevedra, Spain. 

Degani, O., Gordani, A., Becher, P., Chen, A., & Rabinovitz, O. (2022). Crop rotation and 

minimal tillage selectively affect maize growth promotion under late wilt disease 

stress. Journal of Fungi, 8(6), 586. 

Delgado, A., Quemada, M., & Villalobos, F. J. (2016). Fertilizers. Principles of agronomy for 

sustainable agriculture, 321-339. 

Derbile, E. K., Kanlisi, S. K., & Dapilah, F. (2022). Mapping the vulnerability of indigenous 

fruit trees to environmental change in the fragile savannah ecological zone of Northern 

Ghana. Heliyon, 8(6). 

Doll, N. (2019). Insights into the embryo/endosperm interface in Zea Mays and Arabidopsis 

thaliana (Doctoral dissertation, ENS de Lyon). 

Du, E., Terrer, C., Pellegrini, A. F., Ahlström, A., van Lissa, C. J., Zhao, X., ... & Jackson, R. 

B. (2020). Global patterns of terrestrial nitrogen and phosphorus limitation. Nature 

Geoscience, 13(3), 221-226. 

Du, J. B., Han, T. F., Gai, J. Y., Yong, T. W., Xin, S. U. N., Wang, X. C., ... & Yang, W. Y. 

(2018). Maize-soybean strip intercropping: Achieved a balance between high 

productivity and sustainability. Journal of integrative agriculture, 17(4), 747-754. 

Duque, L. O., & Villordon, A. (2019). Root branching and nutrient efficiency: status and way 

forward in root and tuber crops. Frontiers in plant science, 10, 237. 



103 

Elings, Anne. (2000). Estimation of Leaf Area in Tropical Maize. Agronomy Journal 92: 436-

444. 92. 10.2134/agronj2000.923436x. 

Erenstein, O., Jaleta, M., Sonder, K., Mottaleb, K., & Prasanna, B. M. (2022). Global maize 

production, consumption and trade: trends and R&D implications. Food security, 

14(5), 1295-1319. 

Ertiro, B. T., Das, B., Kosgei, T., Tesfaye, A. T., Labuschagne, M. T., Worku, M., ... & Gowda, 

M. (2022). Relationship between grain yield and quality traits under optimum and low-

nitrogen stress environments in tropical maize. Agronomy, 12(2), 438. 

Fageria, N. K. (2014). Nitrogen management in crop production. CRC press. 

Fosu-Mensah, B. Y., & Mensah, M. (2016). The effect of phosphorus and nitrogen fertilizers 

on grain yield, nutrient uptake and use efficiency of two maize (Zea mays L.) varieties 

under rain fed condition on Haplic Lixisol in the forest-savannah transition zone of 

Ghana. Environmental Systems Research, 5, 1-17. 

Galani, Y. J. H., Orfila, C., & Gong, Y. Y. (2022). A review of micronutrient deficiencies and 

analysis of maize contribution to nutrient requirements of women and children in 

Eastern and Southern Africa. Critical Reviews in Food Science and Nutrition, 62(6), 

1568-1591. 

Gao, C., El-Sawah, A. M., Ali, D. F. I., Alhaj Hamoud, Y., Shaghaleh, H., & Sheteiwy, M. S. 

(2020). The integration of bio and organic fertilizers improve plant growth, grain yield, 

quality and metabolism of hybrid maize (Zea mays L.). Agronomy, 10(3), 319. 

Gebeyehu, g. (2024). Effect of blended npsb fertilizer rates on growth, yield components and 

yield of common bean (phaseolus vulgaris l.) varieties in bakadawula ari district, south 

omo zone, southern ethiopia (doctoral dissertation, haramaya university). 

Geodatos (2020). Mampong Geographic coordinates. Retrieved at https://www.geodatos.net 

/en/coordinates/ghana/mampong 



104 

Gerenfes, D., & Negasa, G. (2021). Review on phosphorus and zinc fertilizer applic ation for 

enhanced performance of crops. Journal of Biology, Agriculture and Healthcare, 11(5), 

32-44. 

Ghosh, P., Denk, J., Lou, J.K. (2014). "Synergistic Effect of Organic and Inorganic Fertilizers 

on Soil Fertility and Crop Yield." Agronomy Journal, 106(4), 1189-1196. 

GSS (2014). District Analytical Report. Mampong Municipal. Ghana Statistical Service. 

Accra, Ghana. http://www2.statsghana.gov.gh/docfiles/2010. 

Report/Ashanti/MAMPONG%20MUNICIPAL...pdf. 

Hasanuzzaman, M., Bhuyan, M. B., Nahar, K., Hossain, M. S., Mahmud, J. A., Hossen, M. S., 

... & Fujita, M. (2018). Potassium: a vital regulator of plant responses and tolerance to 

abiotic stresses. Agronomy, 8(3), 31. 

Hassan, S.W., F.C. Oad, S.D. Tunio, A.W. Gandahi, M.H. Siddiqui, S.M. Oad and A.W. 

Jagirani. 2010. Impact of nitrogen levels and application methods on agronomic, 

physiological and nutrient uptake traits of maize fodder. Pak. J. Bot. 42: 4095-4101. 

He, R., Wang, Y., Li, J., Qian, H., Yang, F., Li, G., ... & Li, W. (2023). Single-Time Mechanical 

Deep Placement Fertilization Using Bulk Blending Fertilizer on Machine-

Transplanted Rice: Balanced Yield, Nitrogen Utilization Efficiency, and Economic 

Benefits. Agronomy, 13(10), 2473. 

Heffer, P., & Prudhomme, M. (2016, December). Global nitrogen fertilizer demand and 

supply: Trend, current level and outlook. In International nitrogen initiative 

conference. Melbourne, Australia. 

Helstad, S. (2019). Corn sweeteners. In Corn (pp. 551-591). AACC International Press. 

Hoffmeister, G. (2018). Bulk Blending. In Manual of Fertilizer Processing (pp. 349-372). 

Routledge. 

Hossain, A., Krupnik, T. J., Timsina, J., Mahboob, M. G., Chaki, A. K., Farooq, M., ... & 

Hasanuzzaman, M. (2020). Agricultural land degradation: processes and problems 



105 

undermining future food security. In Environment, climate, plant and vegetation 

growth (pp. 17-61). Cham: Springer International Publishing. 

Hossain, M. A. A. (2020). Response of nitrogen and phosphorus fertilizers on morpho-

physiological traits and yield attributes of soybean (glycine max l. merill.) (doctoral 

dissertation, department of soil science, sher-e-bangla agricultural university, sher-e-

bangla nagar, dhaka). 

Htoo, K. (2023). Identifying characteristics and drivers of the maize value chain in Shan State, 

Myanmar: a dissertation presented in partial fulfilment of the requirements for the 

degree of Doctor of Philosophy in Agribusiness at Massey University, Palmerston 

North, New Zealand (Doctoral dissertation, Massey University). 

Ichami, S. M., Shepherd, K. D., Sila, A. M., Stoorvogel, J. J., & Hoffland, E. (2019). Fertilizer 

response and nitrogen use efficiency in African smallholder maize farms. Nutrient 

cycling in agroecosystems, 113, 1-19. 

Ikeh, A. O., Okocha, I. O., Umekwe, P. N., Amanze, A. N., & Ikeh, C. E. (2023). Effect of 

foliar application of cow dung extract on growth and yield of waterleaf (Talinum 

triangulare Jacq.) in an ultisol. Journal of Current Opinion in Crop Science, 4(3), 103-

111. 

Itelima, J. U., Bang, W. J., Onyimba, I. A., & Oj, E. (2018). A review: biofertilizer; a key 

player in enhancing soil fertility and crop productivity. J Microbiol Biotechnol Rep, 

2(1), 22-28. 01738855. 

Jaenicke-Després, V. R., & Smith, B. D. (2016). Ancient DNA and the integration of 

archaeological and genetic approaches to the study of maize domestication. In 

Histories of Maize in Mesoamerica (pp. 32-44). Routledge. 

Jaidka, M., Bathla, S., & Kaur, R. (2019). Improved technologies for higher maize production. 

In Maize-production and use. London, UK: IntechOpen. 



106 

Kalleshwaraswamy, C. M., Asokan, R., Swamy, H. M., Maruthi, M. S., Pavithra, H. B., Hegbe, 

K., ... & Goergen, G. E. (2018). No Title. First Report of the Fall Armyworm, 

Spodoptera Frugiperda (JE Smith)(Lepidoptera: Noctuidae), an Alien Invasive Pest on 

Maize in India. 

Ke, J., Sun, J., Chen, T., Tao, S., Zhu, T., Yin, C., ... & Guo, S. (2023). Effects of mixed 

fertilizers formed by the compounding of two targeted controlled-release nitrogen 

fertilizers on yield, nitrogen use efficiency, and ammonia volatilization in double-

cropping rice. The Crop Journal, 11(2), 628-637. 

Kihara, J., Bolo, P., Kinyua, M., Rurinda, J., & Piikki, K. (2020). Micronutrient deficiencies 

in African soils and the human nutritional nexus: opportunities with staple crops. 

Environmental geochemistry and health, 42(9), 3015-3033. 

Kihara, J., Sileshi, G. W., Nziguheba, G., Kinyua, M., Zingore, S., & Sommer, R. (2017). 

Application of secondary nutrients and micronutrients increases crop yields in sub-

Saharan Africa. Agronomy for Sustainable Development, 37, 1-14. 

Kindermann, G., McCallum, I., Fritz, S., & Obersteiner, M. (2008). A global forest growing 

stock, biomass and carbon map based on FAO statistics. Silva Fennica, 42(3), 387-396. 

Kitonyo, O. M., Sadras, V. O., Zhou, Y., & Denton, M. D. (2018). Nitrogen fertilization 

modifies maize yield response to tillage and stubble in a sub-humid tropical 

environment. Field Crops Research, 223, 113-124. 

Kumah-Amenudzi, D., Asiedu, E.K., Agyarko, K., Essilfie, M. E., Amponsah, E.K., Owusu, 

S.E, Atakora, W.K., & Bindraban P.S. (2024). Effects of NPKS Granular and Briquette 

Fertilizers on Some Soil Chemical Properties and Yield Parameters of Maize (Zea 

mays L.). Asian Journal of Soil Science and Plant Nutrition, 10(2), 1–12. 

https://doi.org/10.9734/ajsspn/2024/v10i2255 

Kumar, A., Kumar, J., Puniya, R., Mahajan, A., Sharma, N., & Stanzen, L. (2015). Weed 

management in maize-based cropping system. 



107 

Kumari, R., Asmita, K., & Lal, S. P. (2022). Recommended Food for Wellbeing of Heart: 

World Heart Day Exclusive. A Monthly Peer Reviewed Magazine for Agriculture and 

Allied Sciences, 1. 1. 

Lee, Y., Kim, G. E., Oh, T. K., & Sung, J. (2022). Yield and nitrogen use efficiencies (NUEs) 

in open-field pepper: Effect of different types of basal fertilizer and fertigation ratio. 

한국토양비료학회지, 55(4), 286-298. 

Li, N., Yang, Y., Wu, Y., Liu, B., Tao, L., Zhan, Y., ... & Yang, Y. (2022). Better performance 

of compound fertilizers than bulk-blend fertilizers on reducing ammonia emission and 

improving wheat productivity. Agriculture, Ecosystems & Environment, 335, 108018. 

Li, R., Gao, Y., Chen, Q., Li, Z., Gao, F., Meng, Q., ... & Zhang, M. (2021). Blended 

controlled-release nitrogen fertilizer with straw returning improved soil nitrogen 

availability, soil microbial community, and root morphology of wheat. Soil and Tillage 

Research, 212, 105045. 

Liliane, T. N., & Charles, M. S. (2020). Factors affecting yield of crops. Agronomy-climate 

change & food security, 9. 

Liu, M., Wu, X., Li, C., Li, M., Xiong, T., & Tang, Y. (2020). Dry matter and nitrogen 

accumulation, partitioning, and translocation in synthetic-derived wheat cultivars 

under nitrogen deficiency at the post-jointing stage. Field Crops Research, 248, 

107720. 

Liu, Z., Zhu, K., Dong, S., Liu, P., Zhao, B., & Zhang, J. (2017). Effects of integrated 

agronomic practices management on root growth and development of summer maize. 

European Journal of Agronomy, 84, 140-151. 

Lu, J., Dev, L., & Petersen-Rockney, M. (2022). Criminalized crops: Environmentally-

justified illicit crop interventions and the cyclical marginalization of smallholders. 

Political Geography, 99, 102781. 



108 

Lumbanraja, J., Mulyani, S., Utomo, M., & Sarno, S. (2017). Phosphorus extraction from soil 

constituents using Bray P-1, Mehlich-1 and Olsen Solutions. Journal of Tropical Soils, 

22(2), 67-76. 

Macauley, H., & Ramadjita, T. (2015). Cereal crops: Rice, maize, millet, sorghum, wheat. 

Makarova O, Makarov V, Gasparyan S, Napris Z, Shemyakin A (2020). Methodological 

approach to grain yield planning. In E3S Web of Conferences 175:01003. 

Marfo, E., Danso-Abbeam, G., Donkoh, S. A., Dikro, M. A., Ehiakpor, D. S., & ofori, D. 

(2021). The complementarity and substitutability of sustainable agricultural practices 

among maize farm households under AFRINT regions in Ghana: Do the 

socioeconomic determinants confirm these? Cogent Food & Agriculture, 7(1), 

1969736. 

Marfo-Ahenkora, E. (2020). Strategies for Sustainable Productivity of Maize (Zea Mays L.)-

Based Farming Systems of Smallholder Farmers in Ghana (Doctoral dissertation, 

University of Cape Coast). 

Martins, B. N. M., Candian, J. S., Colombari, L. F., Rodrigues, M. M., & Cardoso, A. I. I. 

(2021). Doses of organic compost in top dressing in the production of chives. Research, 

Society and Development, 10(3). 

Masood, S., Suleman, M., Hussain, S., Jamil, M., Ashraf, M., Siddiqui, M. H., ... & Tahir, M. 

(2023). Fertilizers Containing Balanced Proportions of NH4+-N and NO3−-N 

Enhance Maize (Zea mays L.) Yield Due to Improved Nitrogen Recovery Efficiency. 

Sustainability, 15(16), 12547. 

Mbangcolo, M. M. (2018). The influence of granular and liquid top-dressed nitrogen on 

nitrogen use efficiency (NUE), grain yield and quality parameters of spring wheat 

(Triticum aestivum L.) (Doctoral dissertation, Stellenbosch: Stellenbosch University). 

Mbhele, Z. (2017). Effect of NPK basal fertilizer, nitrogen top dressing and season on growth 

and yield of Cucurbita argyrosperma (Doctoral dissertation, University of Zululand). 



109 

Mboya, R. M. (2020). White maize & food security in sub-Saharan Africa. Exceller Books. 

Mengel, K., Kirkby, E. A., Kosegarten, H., & Appel, T. (2001). Fertilizer application. 

Principles of Plant Nutrition, 337-396. 

Me-Trenkel, T. (2021). Slow-and controlled-release and Stabilized Fertilizers: an option for 

enhancing nutrient use effiiency in agriculture. International Fertilizer Industry 

Association (IFA). 

Micskei, G. Y., Arendas, T., & Berzsenyi, Z. (2012). Relationships between maize yield and 

growth parameters in a long-term fertilization experiment. Acta Agronomica 

Hungarica, 60(3), 209-219. 

Miller, C. G., & Schmidt, E. E. (2020). Sulfur metabolism under stress. Antioxidants & Redox 

Signaling, 33(16), 1158-1173. 

Miner, G. L., Delgado, J. A., Ippolito, J. A., Stewart, C. E., Manter, D. K., Del Grosso, S. J., 

... & D'adamo, R. E. (2020). Assessing manure and inorganic nitrogen fertilization 

impacts on soil health, crop productivity, and crop quality in a continuous maize 

agroecosystem. Journal of Soil and Water Conservation, 75(4), 481-498. 

Montgomery, E. G. 1911. Correlation studies in corn. Nebraska Agric. Exp. Station. Annual 

Report 24: 108-159. 

Morris, T. F., Murrell, T. S., Beegle, D. B., Camberato, J. J., Ferguson, R. B., Grove, J., ... & 

Yang, H. (2018). Strengths and limitations of nitrogen rate recommendations for corn 

and opportunities for improvement. Agronomy journal, 110(1), 1-37. 

Mousavi, S. M. N. (2022). Evaluation on the effect of interaction genotype in traits in the year 

on different maize hybrids. 

Muthaura, C., Mucheru-Muna, M., Zingore, S., Kihara, J., & Muthamia, J. (2017). Effect of 

application of different nutrients on growth and yield parameters of maize (Zea mays), 

case of Kandara Murang’a County. ARPN Journal of Agricultural and Biological 

Science, 12(1), 19-33. 



110 

Muthaura, C., Mucheru-Muna, M., Zingore, S., Kihara, J., & Muthamia, J. (2017). Effect of 

application of different nutrients on growth and yield parameters of maize (Zea mays), 

case of Kandara Murang’a County. ARPN Journal of Agricultural and Biological 

Science, 12(1), 19-33. 

Narayan, O. P., Kumar, P., Yadav, B., Dua, M., & Johri, A. K. (2023). Sulfur nutrition and its 

role in plant growth and development. Plant Signaling & Behavior, 18(1), 2030082. 

Nawar, S., Corstanje, R., Halcro, G., Mulla, D., & Mouazen, A. M. (2017). Delineation of soil 

management zones for variable-rate fertilization: A review. Advances in agronomy, 

143, 175-245. 

Ndunguru, E. P. (2015). Evaluation of Soil Fertility and Performance of Maize (Zea Mays L.) 

in Small Holders Maize Farms in Namtumbo District, Ruvuma Region (Doctoral 

dissertation, The Open University of Tanzania). 

Niedziński, T., Sierra, M. J., Łabętowicz, J., Noras, K., Cabrales, C., & Millán, R. (2021). 

Release of nitrogen from granulate mineral and organic fertilizers and its effect on 

selected chemical parameters of soil. Agronomy, 11(10), 1981. 

Ning, P., Fritschi, F. B., & Li, C. (2017). Temporal dynamics of post-silking nitrogen fluxes 

and their effects on grain yield in maize under low to high nitrogen inputs. Field crops 

research, 204, 249-259. 

Nurk, L., Graß, R., Pekrun, C., & Wachendorf, M. (2017). Effect of sowing method and weed 

control on the performance of maize (Zea mays L.) intercropped with climbing beans 

(Phaseolus vulgaris L.). Agriculture, 7(7), 51.  

Obour, P. B., Arthur, I. K., & Owusu, K. (2022). The 2020 maize production failure in Ghana: 

A case study of Ejura-Sekyedumase municipality. Sustainability, 14(6), 3514. 

Oguchi, R., onoda, Y., Terashima, I., & Tholen, D. (2018). Leaf anatomy and function. The 

leaf: a platform for performing photosynthesis, 97-139. 



111 

Okai, D. B., Boateng, M., Ewool, M. B., Ankamaa, D., & Osarumwense, S. O. (2015). 

Nutritional evaluation of some new maize varieties: Effects on growth performance 

and carcass traits of albino rats. African Journal of Food, Agriculture, Nutrition and 

Development, 15(4), 10305-10316.  

Okpanachi, A., Polycap, A., Joseph, O. C., & Temitayo, L. I. (2022). Assessment of the effect 

of Inter cropping on Yield Parameters of Maize and Groundnut. The 

InternationalJournal of Biological Research, 5(1), 1-11. 

Osman, K. T. (2018). Management of soil problems (pp. 255-298). Cham, Switzerland: 

Springer International Publishing. 

Pande, D., Madzokere, E., Hartnady, P., Kraberger, S., Hadfield, J., Rosario, K., ... & Harkins, 

G. W. (2017). The role of Kenya in the trans-African spread of maize streak virus strain 

A. Virus research, 232, 69-76. 

Parveen, S., Ranjan, R. K., Anand, A., & Singh, B. (2018). Combined deficiency of nitrogen 

and iron increases senescence induced remobilization of plant immobile iron in wheat. 

Acta Physiologiae Plantarum, 40(12), 211. 

Parveez, G. K. A., Hishamuddin, E., Loh, S. K., ong-Abdullah, M., Salleh, K. M., Bidin, M. 

N. I. Z., ... & Idris, Z. (2020). Oil palm economic performance in Malaysia and R&D 

progress in 2019. Journal of Oil Palm Research, 32(2), 159-190. 

Pitigala, N., & Lopez-Calix, J. (2021). Trade policy options for export diversification: The 

case of Mali, Chad, Niger, and Guinea. Journal of Infrastructure, Policy and 

Development, 4(2), 261-286. 

Prah, S., Asante, B. O., Aidoo, R., Mensah, J. O., & Nimoh, F. (2023). Impact of agricultural 

policy intervention on yield and profitability of maize farmers: The case of Planting 

for Food and Jobs (PFJ) programme in Ghana. Cogent Food & Agriculture, 9(1), 

2249928. 



112 

Prasad, P. V. V., Djanaguiraman, M., Stewart, Z. P., & Ciampitti, I. A. (2020). Agroclimatology 

of maize, sorghum, and pearl millet. Agroclimatology: linking agriculture to climate, 

60, 201-241. 

Qadeer, U., Ahmed, M., -Hassan, F. U., & Akmal, M. (2019). Impact of nitrogen addition on 

physiological, crop total nitrogen, efficiencies and agronomic traits of the wheat crop 

under rainfed conditions. Sustainability, 11(22), 6486. 

Qahar, A., & Ahmad, B. (2016). Effect of nitrogen and sulfur on maize hybrids yield and post-

harvest soil nitrogen and sulfur. Sarhad Journal of Agriculture, 32(3), 239-251. 

Qin, W., Zhang, X., Chen, S., Sun, H., & Shao, L. (2018). Crop rotation and N application rate 

affecting the performance of winter wheat under deficit irrigation. Agricultural Water 

Management, 210, 330-339. 

Rajoo, R. K. (2021). Maize-Golden Grain of Himachal Pradesh. Blue Rose Publishers. 

Rao, S. N., Dhore, M. S., Nagmote, M. S., & Patel, B. C. (2019). Oxidation of organics using 

Mn (H2PO4) 2 as a catalyst for rapid determination of COD of industrial saline 

effluents. Materials Today: Proceedings, 15, 638-644. 

Rawat, J., Sanwal, P., & Saxena, J. (2016). Potassium and its role in sustainable agriculture. 

In Potassium solubilizing microorganisms for sustainable agriculture (pp. 235-253). 

New Delhi: Springer India. 

Reshma, M. S., Jawahar, S., Kalaiyarasan, C., & Suseendran, K. (2024). Evaluating the effect 

of organic NPK granules on yield, nutrient uptake, post-harvest soil fertility and soil 

microbial population in rice (Oryza sativa L.). Crop Research, 59(5and6), 190-195. 

Rizzo, G., Agus, F., Susanti, Z., Buresh, R., Cassman, K. G., Dobermann, A., ... & Grassini, 

P. (2024). Potassium limits productivity in intensive cereal cropping systems in 

Southeast Asia. Nature Food, 1-10. 

Rodenburg, J., & Johnson, D. E. (2009). Weed management in rice‐based cropping systems in 

Africa. Advances in agronomy, 103, 149-218. 



113 

Rouf Shah, T., Prasad, K., & Kumar, P. (2016). Maize—A potential source of human nutrition 

and health: A review. Cogent Food & Agriculture, 2(1), 1166995. 

Saha, L., & Bauddh, K. (2020). Sustainable agricultural approaches for enhanced crop 

productivity, better soil health, and improved ecosystem services. Ecological and 

Practical Applications for Sustainable Agriculture, 1-23. 

Saidia, P. S., Asch, F., Kimaro, A. A., Germer, J., Kahimba, F. C., Graef, F., ... & Rweyemamu, 

C. L. (2019). Soil moisture management and fertilizer micro-dosing on yield and land 

utilization efficiency of inter-cropping maize-pigeon-pea in sub humid Tanzania. 

Agricultural Water Management, 223, 105712. 

Santos, M. A. D., Bianchini, A., Pereira, P. S. X., Daros, R. F., Deus, M. S. D., Silva, V. S. M. 

D., ... & Costa, P. M. C. D. (2019). Comparison between planting and sowing as forms 

of Amaranthus (Amaranthus spp.) propagation and investigation of different seeding 

depths. Journal of Experimental Agriculture International, 38(1), 1-6. 

Santpoort, R. (2020). The drivers of maize area expansion in Sub-Saharan Africa. How 

policies to boost maize production overlook the interests of smallholder farmers. Land, 

9(3), 68. 

Scherer, H. W. (2013). "Sulfur in soils." Soil Science Society of America Journal, 65(2), 435-

442.  

Selim, M. T., Salem, S. S., Fouda, A., El-Gamal, M. S., & Abdel-Rahman, M. A. (2021). Use 

of corn-steep water effluent as a promising substrate for lactic acid production by 

Enterococcus faecium strain WH51-1. Fermentation, 7(3), 111. 

Shah, K. K., Modi, B., Pandey, H. P., Subedi, A., Aryal, G., Pandey, M., & Shrestha, J. (2021). 

Diversified crop rotation: an approach for sustainable agriculture production. 

Advances in Agriculture, 2021(1), 8924087. 



114 

Shanmugavel, D., Rusyn, I., Solorza-Feria, O., & Kamaraj, S. K. (2023). Sustainable SMART 

fertilizers in agriculture systems: A review on fundamentals to in-field applications. 

Science of The Total Environment, 904, 166729. 

Sid’Ko, A. F., Botvich, I. Y., Pis’ Man, T. I., & Shevyrnogov, A. P. (2017). Estimation of the 

chlorophyll content and yield of grain crops via their chlorophyll potential. Biophysics, 

62, 456-459. 

Silva, T. E. D., Detmann, E., Franco, M. D. O., Palma, M. N. N., & Rocha, G. C. (2016). 

Evaluation of digestion procedures in Kjeldahl method to quantify total nitrogen in 

analyses applied to animal nutrition. Acta Scientiarum. Animal Sciences, 38, 45-51. 

Simachew, K. (2020). effect of inter and intra row spacing on yield and yield components of 

hybrid maize (zea mays l.) varieties at north mecha district, in west gojjam 

administrative zione, northwestern ethiopia. 

Singh, V. K., Malhi, G. S., Kaur, M., Singh, G., & Jatav, H. S. (2022). Use of organic soil 

amendments for improving soil ecosystem health and crop productivity. Ecosystem 

Services. 

Sinha, D., & Tandon, P. K. (2020). An overview of nitrogen, phosphorus and potassium: Key 

players of nutrition process in plants. Sustainable solutions for elemental deficiency 

and excess in crop plants, 85-117. 

Sitthaphanit, S., Limpinuntana, V., Toomsan, B., Panchaban, S., & Bell, R. W. (2010). Growth 

and yield responses in maize to split and delayed fertilizer applications on sandy soils 

under high rainfall regimes. Agriculture and Natural Resources, 44(6), 991-1003. 

Solihin, E., Yuniarti, A., Damayani, M., & Rosniawaty, D. S. (2019, December). Application 

of liquid organic fertilizer and N, P, K to the properties of soil chemicals and growth 

of rice plant. In IOP Conference Series: Earth and Environmental Science (Vol. 393, 

No. 1, p. 012026). IOP Publishing. 



115 

Suganya, A., Saravanan, A., & Manivannan, N. (2020). Role of zinc nutrition for increasing 

zinc availability, uptake, yield, and quality of maize (Zea mays L.) grains: An 

overview. Commun. Soil Sci. Plant Anal, 51(15), 2001-2021. 

Sundram, S., Angel, L. P. L., & Sirajuddin, S. A. (2019). Integrated balanced fertiliser 

management in soil health rejuvenation for a sustainable oil palm cultivation: A review. 

Journal of Oil Palm Research, 31(3), 348-363. 

Tacoli, C. (2020). Food (in) security in rapidly urbanizing, low-income contexts. In Handbook 

on Urban Food Security in the Global South (pp. 23-33). Edward Elgar Publishing. 

Tajul, M. I., Alam, M. M., Hossain, S. M. M., Naher, K., Rafii, M. Y., & Latif, M. A. (2013). 

Influence of plant population and nitrogen‐fertilizer at various levels on growth and 

growth efficiency of maize. The Scientific World Journal, 2013(1), 193018. 

Available:http://dx.doi.org/10.1155/2013/19 3018 

Tapera, T. (2017). Expression of tolerance to drought and low nitrogen levels in maize inbred 

lines and hybrids in southern Africa (Doctoral dissertation, University of the Free 

State). 

Tariq, A., Zeng, F., Graciano, C., Ullah, A., Sadia, S., Ahmed, Z., ... & Zhang, Z. (2023). 

Regulation of metabolites by nutrients in plants. Plant ionomics: sensing, signaling, 

and regulation, 1-18. 

Tembo, M., Lubungu, M., Singogo, F. K., Mwanza, M., onyango, M., Sakala, P., ... & Berhane, 

E. (2023). Maize and groundnut crop production among rural households in Zambia: 

Implications in the management of aflatoxins. Food Control, 154, 109964. 

Tofa, A. I., Babaji, B. A., Aliyu, K. T., Ademulegun, T. D., & Bebeley, J. F. (2022). Maize yield 

as affected by the interaction of fertilizer nitrogen and phosphorus in the Guinea 

savanna of Nigeria. Heliyon, 8(11). 



116 

Tyagi, J., Ahmad, S., & Malik, M. (2022). Nitrogenous fertilizers: Impact on environment 

sustainability, mitigation strategies, and challenges. International Journal of 

Environmental Science and Technology, 19(11), 11649-11672. 

Uddin, M. K., Rahman, M. E., Hasan, M. M., Mosharrof, M., Hossain, M. D., Juarimi, A. S., 

& Anwar, M. (2020). Fertilizer and nutrient requirement calculation for different crops. 

MK Uddin, AS Juarimi, & P. Anwar M.(Eds.), Basic calculations in agriculture. Fixed 

last name. 

Udom, B. E., Wokocha, C. C., & Ike-Obioha, J. (2019). Effects of organic manures on soil 

properties and performance of maize and aerial yam intercrop. International Journal of 

Agriculture and Earth Science, 5(1), 17. 

Ullah, R., Abbas, Z., Bilal, M., Habib, F., Iqbal, J., Bashir, F., ... & Saeed-ur-Rehman, H. 

(2022). Method development and validation for the determination of potassium (K2O) 

in fertilizer samples by flame photometry technique. Journal of King Saud University-

Science, 34(5), 102070. 

Ullasa, M. (2016). Studies on nutrient management strategies for enhancing productivity and 

economics of maize (zea mays l.) cultivation (Doctoral dissertation, University of 

Agricultural & Horticultural Sciences, Shivamogga). 

Velesi, D. S. (2018). Factors Affecting Maize Yield nn Machakos County. in proceedings of 

the machakos university 1st annual international conference held at machakos 

university hotel, 17th-19th april 2018 (p. 61). 

Wagan, Z. A., Buriro, M., Wagan, T. A., Wagan, Z. A., Jamro, S. A., Memon, Q. U. A., & 

Wagan, S. A. (2017). Effect of foliar applied urea on growth and yield of wheat 

(Triticum aestivium L.). International Journal of Bioorganic Chemistry, 2(4), 185-191. 

Walia, S. S., Kaur, K., & Kaur, T. (2024). Seeding and Efficient Fertilizer Use. In Rainfed 

Agriculture and Watershed Management (pp. 57-65). Singapore: Springer Nature 

Singapore. 



117 

Wan, L. J., Tian, Y., He, M., Zheng, Y. Q., Lyu, Q., Xie, R. J., ... & Yi, S. L. (2021). Effects of 

chemical fertilizer combined with organic fertilizer application on soil properties, 

citrus growth physiology, and yield. Agriculture, 11(12), 1207. 

Wang, C., & Ning, P. (2019). Post-silking phosphorus recycling and carbon partitioning in 

maize under low to high phosphorus inputs and their effects on grain yield. Frontiers 

in plant science, 10, 784. 

Wang, J., Yao, R., Sun, Z., Wang, M., Jiang, C., Zhao, X., ... & Yu, H. (2024). Effects of 

shading on morphology, photosynthesis characteristics, and yield of different shade-

tolerant peanut varieties at the flowering stage. Frontiers in Plant Science, 15, 1429800. 

Wang, S., Zhu, Y., Jiang, H., & Cao, W. (2006). Positional differences in nitrogen and sugar 

concentrations of upper leaves relate to plant N status in rice under different N rates. 

Field Crops Research, 96(2-3), 224-234. 

Wang, X., Zhao, C., Müller, C., Wang, C., Ciais, P., Janssens, I., ... & Piao, S. (2020). Emergent 

constraint on crop yield response to warmer temperature from field experiments. 

Nature Sustainability, 3(11), 908-916. 

Waqas, M. A., Wang, X., Zafar, S. A., Noor, M. A., Hussain, H. A., Azher Nawaz, M., & 

Farooq, M. (2021). Thermal stresses in maize: effects and management strategies. 

Plants, 10(2), 293. 

Wortmann, C. S., & Sones, K. R. (Eds.). (2017). Fertilizer use optimization in sub-Saharan 

Africa (pp. 227-pp). Wallingford, UK: CABI. 

Xu, J., Cai, H., Wang, X., Ma, C., Lu, Y., Ding, Y., ... & Saddique, Q. (2020). Exploring 

optimal irrigation and nitrogen fertilization in a winter wheat-summer maize rotation 

system for improving crop yield and reducing water and nitrogen leaching. 

Agricultural Water Management, 228, 105904. 



118 

Yahaya, S. M., Mahmud, A. A., Abdullahi, M., & Haruna, A. (2023). Recent advances in the 

chemistry of nitrogen, phosphorus and potassium as fertilizers in soil: a review. 

Pedosphere, 33(3), 385-406. 

Yathish, K. R., Lakshmi Soujanya, P., Sunil, N., & JC, S. (2019). Name Maize. Integrated 

Management Strategies for Major Crop Pests and Diseases in Developing Countries, 

39(44), 11. 

Yilmaz, M. (2019). The effects of different combinations of combined fertilizer doses on some 

turfgrass performances of turf mixture. Pak. J. Bot, 51(4), 1357-1364. 

Yue, K., Li, L., Xie, J., Liu, Y., Xie, J., Anwar, S., & Fudjoe, S. K. (2022). Nitrogen supply 

affects yield and grain filling of maize by regulating starch metabolizing enzyme 

activities and endogenous hormone contents. Frontiers in Plant Science, 12, 798119. 

Zenda, T., Liu, S., Dong, A., & Duan, H. (2021). Revisiting sulphur—The once neglected 

nutrient: It’s roles in plant growth, metabolism, stress tolerance and crop production. 

Agriculture, 11(7), 626. 

Zhang, H., Zhao, Q., Wang, Z., Wang, L., Li, X., Fan, Z., ... & Chen, F. (2021). Effects of 

nitrogen fertilizer on photosynthetic characteristics, biomass, and yield of wheat under 

different shading conditions. Agronomy, 11(10), 1989. 

  



119 

LIST OF APPENDICES 

 

Appendix 1: Guide to interpretation of soil analytical data in Ghana 

Nutrient  Rank/Grade    

Phosphorus, P (ppm), (Bray 1) 

˂ 10  Low     

10 – 20  Moderate     

> 20  High     

Potassium, K (pmm)       

˂ 50  Low     

50 – 100  Moderate     

> 100  High     

Calcium, Ca (ppm)/Meg = 0.25 Ca 

˂ 5.0  Low     

5.0 – 10.0  Moderate     

> 10.0  High     

ECEC (cmol (+)/kg)       

˂ 10  Low     

10 - 20  Moderate     

> 20  High     

Soil pH (Distilled Water Method) 

˂ 5.0  Very Acidic    

5.1 – 5.5  Acidic     

5.6 – 6.0  Moderately Acidic    

6.0 – 6.5  Slightly Acidic    

6.5 – 7.0  Neutral     

7.0 – 7.5  Slightly Alkaline    

7.6 – 8.5  Alkaline     

> 8.5  Very Alkaline    

% Organic Carbon % Organic Carbon Interpretation   

˂ 1.0 ˂ 1.5  Low    

1.0– 2.0 1.6 – 3.0  Moderate   

2.0-4.0 3.0  Adequate   

> 4.0 ˃3.0  High    

Nitrogen (%)       

˂ 0.1  Low     

0.1 – 0.2  Moderate     

> 0.2  High     

Exchangeable cations (cmol (+)/kg) Units  low moderate High 

Sodium (Na)  (cmol (+)/kg) - 0-2 > 2.0 

Potassium (K)  (cmol (+)/kg) ˂0.2 0.2 – 0.4 > 0.4 

Calcium (Ca)  (cmol (+)/kg) ˂ 2.0 2.0-10 > 10 

Magnesium (Mg)  (cmol (+)/kg) ˂ 1.0 1.0-3.0 > 3.0 

Source: (SRI, 2007).   
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Appendix 2: Climatic data for 2023 major rainy season at the experimental site 

Month Total Rainfall 

(mm) 

Relative Humidity 

(%) 

Mean Temperature 

(OC) 

  
6:00 hrs 15:00hrs Min Max 

March 57.8 88 55 23.1 33.8 

April 258.8 91 59 22.7 33.3 

May 71.3 90 60 23.2 32.8 

June 198 92 70 23 30.3 

July 198.9 91 71 21.8 28.4 

Total 784   

(Ghana Meteorological Agency– Asante Mampong, 2023)   

 

 

Appendix 3: Climatic data for 2023 minor rainy season at the experimental site 

Month Total Rainfall 

(mm) 

Relative Humidity 

(%) 

Mean Temperature 

(OC) 

  
6:00 hrs 15:00hrs Min Max 

Augus 213.4 93 74 22.5 29.0 
September 196 92 69 22.4 30.6 

October 286.4 90 62 23.0 32.0 

November 91.1 91 59 23.5 33.1 

December 0 74 44 22.7 34.5 

Total 786.9   

(Ghana Meteorological Agency– Asante Mampong, 2023)   

 

 


