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ABSTRACT

Evaluation of groundwater quality parameters using irrigation indices in Akuo Ilorin East Local Government of Kwara State for domestic and irrigation purposes was carried out. Twenty groundwater samples were collected in November (2024) and analyzed for physicochemical parameters, major ions and heavy metals. The results of the hydro-chemical parameters showed that the values of pH 6.86 -12, the total hardness (TH) 98-246mg/l, total dissolved solid (TDS) 210-140mg/l, the electrical conductivity ,210 – 360 mg/l, the bicarbonate values ranged between 92-260mg/l, the Nitrate values also ranged between 8.31 and 0.83mg/l. Most of the samples analyzed were within the recommended limits set by WHO and FAO for irrigation water standard. 

The results of the irrigation indices revealed that Sodium adsorption ratio(SAR), is considerably less than 10 (0.304-0.556in all the locations sampled, the Kelly’s ratio (KR)for all the sampling locations have the value less than 1 (0.098-0.256), sodium percent(Na %)0.128-0.290. Based on this assessment, the water samples analyzed from these locations are within the recommended limits set by FAO for irrigation water 
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CHAPTER ONE
 INTRODUCTION
1.1 BACKGROUND OF THE STUDY
Groundwater is one of the most important natural resources used for agricultural, domestic, and industrial purposes across the world (Todd & Mays, 2005). However, the quality of groundwater varies greatly due to factors such as geology, land use, industrial activity, and over-extraction (WHO, 2017). Groundwater contains several pollutants and when they exceed their permissible limits, it will directly affect the existence of living beings (Aldhyani et al., 2020; Rao et al., 2022a, 2022b, 2024; Ravindra et al., 2023). A salinity issue arises when the salt accumulates in the saturation zone due to higher EC, SAR and ESP (Gugulothu et al., 2022; Rao et al., 2021). Water for irrigation mainly depends on pH, salinity, permeability, and some toxic elements like boron, arsenic, fluoride, etc (Ali et al., 2024; Elsayed et al., 2020; Gad et al., 2022). Hence, accurate monitoring and assessment of these chemical parameters is of utmost important to enhance the quality of groundwater (Mgbenu and Egbueri, 2019).
Thus, evaluating groundwater quality for irrigation purpose is essential to avoid long-term agricultural and environmental challenges. To assess it’s suitability for irrigation, groundwater must be analyzed using various Irrigation Water Quality Indices (IWQIs), such as Electrical Conductivity (EC), Sodium Adsorption Ratio (SAR), Residual Sodium Carbonate (RSC), Magnesium Hazard (MH) and Permeability Index (PI) (Richard, 1954; Wilcox, 1955). These indices provide insight into the potential effects of water on soil properties and crop yield. Applying irrigation indices allows farmers, water resource managers, and policymakers to make data-driven decisions regarding water use, soil management, and crop selection, ultimately leading to more sustainable agricultural systems (Kumar et al., 2014). In recent years, the use of Geographic Information Systems (GIS) and water quality mapping has also enhanced the ability to visualize and manage groundwater suitability over large areas (Subba Rao, 2012).
1.2	Problem Statement
The suitability of groundwater for irrigation is often determined by evaluating its quality through various irrigation indices. These indices provide insights into the potential risks of soil salinization, permeability reduction and crop yield decline associated with the use of groundwater for irrigation.
The lack of comprehensive evaluation of these parameters in a specific region can lead to inefficient irrigation practices, soil degradation and long-term agricultural challenges. Therefore, there is need to assess groundwater quality using irrigation indices to identify areas of concern and provide actionable recommendations for sustainable water resource management in agriculture.
1.3	Aim and Objectives of the Study: 
The study aims to evaluate the groundwater quality parameters using irrigation indices in Akuo Ilorin East Local Government Area of Kwara State, Nigeria while the specific objectives are to:
i. conduct a reconnaissance survey of the study area to identify groundwater sources for water samples collection
ii. collect water samples from the groundwater sources
iii. determination for various water quality parameters
iv. evaluate groundwater quality parameters for irrigation suitability using various irrigation indices.
v.  identify areas with groundwater suitable and unsuitable for irrigation 
vi. and propose remediation measures better water management based on the findings
1.4	Justification of the Study
	Groundwater is a critical resource for irrigation. The quality of groundwater significantly influences soil health, crop productivity and agricultural sustainability. Evaluating groundwater quality using irrigation indices will provide reliable metrics to determine the suitability of groundwater for agricultural use. Also, understanding groundwater quality will help to optimize its usage and guides farmers in adopting alternative irrigation practices (by blending poor-quality water with better-quality sources).
1.5	Scope of the study: 
This would involve reconnaissance survey of the study area to identify ground water sources for water samples collection. Thereafter water samples from the ground water sources would be collected for onward analysis of various water quality parameters and computation of irrigation indices. Statistical tools would be used to classify water quality for irrigation use.






CHAPTER TWO
				    LITERATURE REVIEW
2.1	Water and Its Importance in Agriculture
Water is a fundamental natural resource essential for the sustenance of life and the productivity of ecosystems. In agriculture, water plays a pivotal role in crop growth, livestock maintenance, and the overall success of farming operations. It is not only used for irrigation but also in processes such as pesticide application, fertigation, and livestock care. Agriculture is by far the largest consumer of water globally, accounting for approximately 70% of freshwater withdrawals worldwide (FAO, 2017).
The availability and quality of water directly influence crop yield and food security. Adequate water supply enables crops to absorb essential nutrients from the soil, facilitates photosynthesis, and helps regulate plant temperature through transpiration. Inadequate or poor-quality water can lead to reduced growth, lower yields, and, in extreme cases, total crop failure. This makes access to clean and reliable water sources critical, particularly in regions prone to droughts or with erratic rainfall patterns (Falkenmark and Rockström, 2004).
In developing countries like Nigeria, where agricultural practices are often rain-fed, irrigation has become increasingly important for maintaining productivity during dry seasons or periods of irregular rainfall. Groundwater, surface water, and harvested rainwater are among the common sources used for irrigation. Groundwater, in particular, has grown in significance due to its reliability and year-round availability, especially in areas with inadequate surface water infrastructure (MacDonald et al., 2012).
The mere availability of water is not sufficient, its quality is equally critical. Water used for irrigation must meet specific quality standards to avoid harming soil structure or plant health. Poor-quality water, often containing excess salts, heavy metals, or microbial contaminants, can degrade soil fertility, affect plant metabolism, and ultimately reduce agricultural productivity (Ayers and Westcot, 1985).
In the context of smallholder farming systems, such as those found in Akuo and other parts of rural Nigeria, the importance of water in agriculture is multifaceted. It not only supports subsistence food production but also underpins local economies, employment, and rural development. Sustainable water management practices, including regular assessment of water quality, are therefore essential to ensure long-term agricultural success and environmental conservation.
2.2	Sources of Water for Irrigation
Irrigation is the artificial application of water to soil to assist in the growth of crops and sustain agricultural productivity, particularly in areas with insufficient or irregular rainfall. The success of irrigation practices depends significantly on the availability and reliability of water sources. In both developed and developing regions, a variety of water sources are utilized for irrigation, each with distinct characteristics, advantages, and challenges. The sources include:
2.2.1	Surface Water
Surface water sources include rivers, lakes, streams, ponds, and reservoirs. These are among the most common sources for large-scale irrigation schemes. Surface water is typically more accessible and easier to channel, especially where infrastructure like canals or pumps is available. Its availability can be seasonal and highly dependent on rainfall patterns and climatic conditions (FAO, 2011). In tropical countries, surface water levels often decline drastically during the dry season, limiting its year-round use.
2.2.2	Groundwater
Groundwater is obtained from aquifers through wells and boreholes and is a crucial source for irrigation, especially in areas with limited surface water. It is generally more reliable and available year-round compared to surface water. In rural communities like Akuo in Ilorin East LGA, groundwater accessed through hand-dug wells and boreholes forms the primary source of irrigation water due to its relative purity and constant supply (MacDonald et al., 2012). Groundwater extraction must be carefully managed to prevent over-exploitation and aquifer depletion.
2.2.3	Rainwater Harvesting
Rainwater harvesting involves collecting and storing rainwater for later use. This can be done using surface catchments like rooftops, ground tanks, or specially designed reservoirs. While rainwater is generally of good quality and free from salinity, its effectiveness depends on adequate and predictable rainfall, as well as sufficient storage facilities (Gowing and Ejieji, 2001).
2.2.4	Treated Wastewater and Recycled Water
In some regions, especially urban or peri-urban areas, treated wastewater is used for irrigation. This source can be sustainable if properly managed, but it may pose risks if the water is not adequately treated to remove harmful pathogens, salts, and heavy metals. Its use is still limited in rural Nigeria due to lack of infrastructure and awareness (Toze, 2006).



2.2.5	Floodwater and Runoff
In flood-prone areas, floodwater and surface runoff may be diverted for agricultural use. While this method can provide a temporary water supply, it often lacks consistency and may carry sediments and pollutants that affect soil quality and crop health (Molden et al., 2007).
In the context of Akuo, groundwater remains the most viable source for irrigation, especially during the dry season when surface water is scarce. The long-term sustainability of this resource requires proper assessment of water quality and responsible usage practices.
2.3	Groundwater: Characteristics and Availability
Groundwater is the water found beneath the Earth's surface, occupying the pores and fractures in soil, sand, and rock formations known as aquifers. It is a vital component of the hydrological cycle and serves as a major source of water for domestic, industrial, and agricultural uses worldwide. In many developing countries, including Nigeria, groundwater is the primary and often the most reliable source of water, especially in rural communities with limited access to treated surface water (MacDonald et al., 2012).
Groundwater originates from precipitation that infiltrates the ground and percolates through the soil layers until it reaches the saturated zone, where all the voids are filled with water. This process of infiltration and recharge is influenced by various factors, including soil type, vegetation cover, topography, and land use patterns. The depth and storage capacity of groundwater vary depending on the type of aquifer, whether unconfined, confined, or semi-confined (Todd and Mays, 2005).


2.3.1	Characteristics of Groundwater
a.	Quality Stability: Groundwater typically exhibits higher quality than surface water because it undergoes natural filtration through soil and rock layers, which remove many physical and biological contaminants. 
b.	Year-Round Availability: Unlike surface water sources that fluctuate with seasons, groundwater is often more stable and accessible throughout the year, making it an essential resource during dry seasons (Howard and Griffith, 2002).
c.	Vulnerability to Contamination: Despite its filtration benefits, groundwater is not immune to contamination. Improper waste disposal, agricultural runoff, septic tank leaks, and overuse of fertilizers and pesticides can introduce harmful substances such as nitrates, heavy metals, and pathogens into the aquifer (Edmunds and Smedley, 2000).
d.	Hydro Chemical Composition: The chemical makeup of groundwater is largely influenced by the type of rock and soil through which it flows. Common constituents include calcium, magnesium, sodium, potassium, bicarbonates, sulfates, and chlorides. These components affect its suitability for various uses, particularly irrigation, where salinity and sodium levels are critical parameters.
e.	Recharge and Sustainability: Groundwater recharge occurs through natural processes such as rainfall infiltration or artificial means like recharge wells. Over-extraction without adequate recharge can lead to aquifer depletion, land subsidence, and deterioration in water quality.
In the context of agricultural irrigation, understanding the characteristics of groundwater is crucial. Certain parameters such as pH, electrical conductivity (EC), sodium adsorption ratio (SAR), and total dissolved solids (TDS) must be regularly assessed to determine its impact on soil structure, crop health, and long-term productivity (Ayers and Westcot, 1985).
2.4	Groundwater Quality and its Determinants
Water quality plays a critical role in agricultural productivity, as it directly affects crop growth, soil health, and the efficiency of irrigation systems. While water may be readily available for irrigation, its quality must meet certain standards to ensure that it does not negatively impact the soil or plants. The characteristics of irrigation water, such as salinity, sodium content, pH, and the presence of harmful chemicals or pathogens, are all important factors that determine its suitability for agricultural use.
2.4.1	Key Parameters Affecting Water Quality for Irrigation
Several key parameters are used to assess the quality of water for irrigation. These include:
2.4.2	Electrical Conductivity (EC)
Electrical conductivity is a measure of the water's ability to conduct an electrical current, which is primarily influenced by the concentration of dissolved salts in the water. High EC values indicate that the water has a high salinity, which can lead to soil salinization over time, adversely affecting crop yields. Irrigation water with Electrical conductivity (EC) values above 2 dS/m is generally considered saline and may need to be treated or used cautiously (Ayers and Westcot, 1985).
2.4.3		Sodium Adsorption Ratio (SAR)
The Sodium Adsorption Ratio (SAR) is an important index used to assess the risk of sodium toxicity in soil. Sodium can affect soil structure by causing dispersion of clay particles, which leads to reduced water infiltration and root growth. A high Sodium Adsorption Ratio (SAR) indicates a higher risk of sodium-related soil problems, which can lead to poor soil permeability and reduced crop productivity.
2.4.4		pH Levels
The pH of irrigation water indicates its acidity or alkalinity. Water with a pH between 6 and 8 is generally considered suitable for most crops, as it facilitates the optimal availability of essential nutrients. Water with a pH below 6 (acidic) or above 8 (alkaline) can cause nutrient imbalances and toxicity, affecting plant health and yield (Rhoades et al, 1992)
2.4.5		Total Dissolved Solids (TDS)
Total dissolved solids (TDS) represent the total concentration of dissolved substances in water, including salts, minerals, and metals. High Total Dissolved Solids (TDS) levels can lead to increased soil salinity, which may cause plant stress and reduce crop growth. In general, water with a Total dissolved solids( TDS) of more than 1,000 mg/L may lead to soil salinization and should be used with caution (Ayers and Westcot, 1985).
2.4.6		Residual Sodium Carbonate (RSC)
The Residual Sodium Carbonate (RSC) is calculated as a measure of the excess carbonate or bicarbonate content in water, which can cause alkalinity issues in soil. Water with a high Residual Sodium Carbonate (RSC) value may contribute to soil alkalinity and reduce crop yields over time. Residual Sodium Carbonate (RSC) RSC is calculated from the concentrations of bicarbonate, carbonate, calcium, and magnesium in water (Todd, 1980).


2.4.7		Chloride (CL⁻)
It measures chloride ion concentration in irrigation water. It is essential in trace amounts, high levels can cause leaf burn and toxicity in sensitive crops like beans and citrus (Ayers & Westcot, 1985).
2.4.8		Boron (B)
It is a micronutrient vital for plant growth. Boron is beneficial at low concentrations but becomes toxic above 1 mg/L, particularly to fruit trees and legumes (Rhoades et al., 1992; WHO, 2017).
2.4.9		Nitrate and Nitrite (NO₃⁻ AND NO₂⁻)
It represents nitrogen compounds derived from fertilizers and organic matter. While nitrates enhance plant growth, excessive amounts can impair reproductive development and contaminate groundwater. Nitrites are even more toxic and indicate microbial contamination (Sawyer et al., 2003; WHO, 2017).
2.4.10		Carbonate and Bicarbonate (CO₃²⁻ & HCO₃⁻)
It reflects alkalinity due to carbonate species in water. High levels can increase soil pH and react with calcium and magnesium, enhancing sodicity risks (Ayers & Westcot, 1985; Usda, 1954).
2.4.11		Calcium and Magnesium (Ca²⁺ and Mg²⁺)
These are essential alkaline earth metals in irrigation water. Adequate levels promote good soil structure by counteracting sodium effects. Deficiency can accelerate soil compaction and erosion (Todd & Mays, 2005; Sawyer et al., 2003).


2.4.12		Sodium(Na⁺)
It Indicates sodium ion concentration. Excess sodium adversely affects soil permeability and structure, especially in poorly drained soils, leading to crop stress (Ayers & Westcot, 1985; Rhoades et al., 1992).
2.4.13		Heavy Metals and Contaminants
The presence of toxic elements like arsenic, lead, cadmium, and mercury in irrigation water can have long-term adverse effects on both soil quality and crop health. These contaminants can accumulate in the soil and plants, leading to reduced crop yield, poor soil structure, and health risks to consumers. Regular testing for heavy metals and other pollutants is essential to ensure the safety of irrigation water (Naylor et al., 2005).
2.5	Guidelines for Irrigation Water Quality
The Food and Agriculture Organization (FAO) and the World Health Organization (WHO) have developed guidelines for water quality based on these key parameters to ensure that water used for irrigation is safe and does not cause detrimental effects on crops, soils, or the environment. These guidelines are based on the classification of water into categories, such as excellent, good, marginal, and unsuitable, depending on the concentration of harmful elements like salinity, sodium, and heavy metals (Ayers and Westcot, 1985).
In addition to chemical factors, the microbiological quality of irrigation water is also important. Water that is contaminated with pathogenic organisms can cause plant diseases, reduce crop quality, and pose risks to human health. Hence, proper treatment and management are necessary to ensure the safety of irrigation water.
2.6	Water Quality Related Problems in Irrigation
Water quality plays a crucial role in the success of agricultural irrigation. Poor quality water can adversely affect soil structure, crop yield, and long-term soil productivity. Key water quality-related problems in irrigation include:
2.6.1	 Salinity
Salinity refers to the presence of dissolved salts in irrigation water, which can accumulate in the root zone and hinder plant growth. Salts affect plants by reducing the osmotic potential of soil water, making it harder for roots to absorb water, leading to physiological drought.
High salinity can:
a. Reduce seed germination
b. Lower crop yield
c. Damage sensitive crops
The salinity of water is commonly measured using electrical conductivity (EC), with values greater than 3 ds/m generally considered unsuitable for most crops without management interventions.
2.6.2 Water Infiltration Rate
Water infiltration rate refers to the ability of soil to absorb water. Poor water infiltration can result from an imbalance of sodium relative to calcium and magnesium in irrigation water. This is measured using the Sodium Adsorption Ratio (SAR).
High Sodium Adsorption Ratio (SAR) water can:
a. Disperse soil particles
b. Reduce soil permeability
c. Lead to water-logging and poor root development
Infiltration problems become severe when SAR is high (>9) and EC is low (<0.5 ds/m), since salt helps flocculate soil particles.
2.6.3 	Specific Ion Toxicity
Specific ions in irrigation water can be toxic to plants when present in high concentrations. These ions may be absorbed by plants and accumulate to toxic levels in plant tissues.
a. Sodium Ion (Na⁺)
High sodium levels can:
i. Disrupt plant metabolism
ii. Damage leaf margins (leaf burn)
iii. Increase SAR and cause soil dispersion
Sodium-sensitive crops such as avocado and citrus are particularly affected. Safe limit: <3 me/L (milliequivalents per liter)
b. Chloride Ion (Cl⁻)
Chloride toxicity occurs when chloride accumulates in leaf tissue. It is absorbed by roots and transported through the plant. Symptoms include:
i. Leaf tip and margin burn
ii. Premature leaf drop
Sensitive crops include grapes, citrus, and beans. Safe limit:
<4 me/L for sensitive crops
<10 me/L for tolerant crops
c. 	Boron Ion (B)
Boron is essential in small amounts but becomes toxic at slightly higher concentrations.
Symptoms of boron toxicity include:
i. Leaf chlorosis and necrosis
ii. Reduced plant growth
Sensitive crops (e.g., citrus, avocado, grapevines) may show symptoms at concentrations above 0.5 mg/L. Safe limit:
<0.5 mg/L for sensitive crops
<2.0 mg/L for tolerant crops
2.6.4	Sodium Toxicity: High sodium content can lead to soil dispersion, poor water infiltration, and reduced root growth, further reducing crop yields.
2.6.5	Nutrient Imbalance: Alkaline or acidic water can affect the availability of essential plant nutrients, leading to deficiencies or toxicities that hinder plant growth.
2.6.6	Reduced Crop Yield and Quality: Poor water quality can result in stunted crop growth, lower yields, and decreased quality, which can affect both food security and the economic viability of farming operations.
The continuous monitoring and assessment of water quality are essential to ensure that irrigation practices do not negatively impact agricultural systems, especially in regions where water resources are limited.
2.7	Indices for Evaluating Irrigation Water Quality
Irrigation water indices are important tools used by researchers and practitioners to evaluate the suitability of water for agricultural purposes. These indices are based on various chemical properties of water and help to assess the potential impacts of using such water on soil structure, crop growth, and long-term land productivity. Poor irrigation water can lead to problems such as soil salinization, nutrient imbalance, reduced crop yields, and eventual land degradation. These include:
2.7.1 Sodium Adsorption Ratio (SAR)
This measures the relative concentration of sodium in comparison to calcium and 
magnesium in water. High sodium levels can make the soil hard and compact, reducing water penetration and air movement. This can lead to poor crop growth, especially in areas where water is applied frequently for irrigation. High Sodium Adsorption Ratio(SAR) values indicate poor water quality.
2.7.2 Residual Sodium Carbonate (RSC)
The Residual Sodium Carbonate (RSC) is another index used to assess water quality for irrigation. It helps to determine whether the presence of carbonates and bicarbonates in water might cause the precipitation of calcium and magnesium, thereby increasing sodium levels in the soil. Water with a high Residual Sodium Carbonate(RSC) value is generally not suitable for irrigation because it promotes soil alkalinity (Raghunath, 1987).It Indicates the hazard of carbonate precipitation, which can reduce soil permeability.
2.7.3 Permeability Index (PI)
The Permeability Index (PI) is used to predict whether the water will affect the movement of water through the soil. If the permeability is reduced due to poor water quality, plant roots may not receive enough water and nutrients, leading to poor crop performance. This is especially common in clay-rich soils, which are sensitive to changes in sodium levels (Doneen, 1964). It evaluates the long-term effect of groundwater on soil permeability.
2.7.4 Kelly’s Ratio (KR): 
It is used to assess the balance of magnesium and sodium relative to calcium and magnesium. It helps to determine whether water has a tendency to reduce soil structure and productivity. A high magnesium or sodium level can disturb the natural balance of nutrients in the soil, making it difficult for crops to thrive. It also determines the dominance of sodium over calcium and magnesium in water.
2.7.5 Magnesium Hazard (MH): 
It is used to assess the balance of magnesium and sodium relative to calcium and magnesium. This index helps to determine whether water has a tendency to reduce soil structure and productivity. A high magnesium or sodium level can disturb the natural balance of nutrients in the soil, making it difficult for crops to thrive High magnesium hazard (MH) values suggest potential harm to crop growth and soil structure.
2.7.6 Electrical Conductivity (EC)
Electrical Conductivity (EC), estimates the amount of salt present in water. When the salt concentration is too high, plants find it difficult to absorb water, even when it appears to be available in the soil. This condition is known as osmotic stress. Over time, the continuous use of high-salinity water can lead to soil salinization, which reduces soil fertility and crop yields (Ayers and Westcot, 1985).
Using these indices together provides a more complete understanding of how irrigation water might affect agricultural productivity. In rural areas like Akuo, Ilorin East Local Government Area, where groundwater is widely used for irrigation, assessing these water quality indicators is essential to avoid long-term damage to farmlands. Farmers and extension workers can use the results of such evaluations to adopt appropriate irrigation strategies or introduce water treatment options when necessary.
2.8	Effects of Poor-Quality Irrigation Water on Soil and Crops
The quality of water used for irrigation plays a vital role in determining the productivity and sustainability of agricultural land. When poor-quality water is consistently applied to farmlands, it can lead to several negative consequences for both soil health and crop development. These effects are often gradual but can become severe over time, particularly in areas with limited access to alternative water sources. The effect includes:
2.8.1	Soil Salinization
One of the most common issues associated with poor-quality irrigation water is soil salinization. This occurs when water containing high levels of dissolved salts is used repeatedly on farmland, causing the salts to accumulate in the soil. Over time, this salt build-up can interfere with the plant's ability to absorb water and nutrients, leading to stunted growth, yellowing of leaves, and low crop yields. In extreme cases, salinization can render the soil infertile (Qadir et al., 2006).


2.8.2	Soil Sodicity
It results from irrigation water with excessive sodium content. High sodium levels can weaken soil structure by breaking down the bonds between soil particles. This leads to poor aeration and water infiltration, causing water to pool on the surface rather than penetrate the soil. Crops grown under such conditions often experience root stress, nutrient deficiency, and reduced productivity (Ayers and Westcot, 1985).
The use of water with high concentrations of toxic elements such as boron, chloride, or heavy metals can also harm crops. These elements may not be immediately noticeable, but over time they accumulate in plant tissues and can reach levels that are toxic to many crops. Some plants may exhibit leaf burn, wilting, or reduced fruit and seed development (Rhoades et al., 1992).
2.8.3	Soil pH Imbalance
In addition to crop damage, the long-term use of poor-quality irrigation water can lead to soil pH imbalance. When the soil becomes too acidic or too alkaline, the availability of essential nutrients like nitrogen, phosphorus, and potassium is affected. This nutrient imbalance can prevent crops from reaching their full growth potential, even if fertilizers are applied.
Microbial activity in the soil may be negatively impacted. Beneficial soil organisms, which help with nutrient cycling and organic matter breakdown, may not survive in high-salinity or high-pH conditions. This reduces the natural fertility of the soil and increases dependence on chemical inputs (Lal, 2015).
The economic impact of these problems is significant, especially for small-scale farmers who rely heavily on groundwater for irrigation. Declining soil productivity can lead to increased costs for fertilizers, soil amendments, and water treatment, while also reducing crop income.
Given these challenges, it is crucial to regularly monitor the quality of irrigation water and take corrective actions when necessary. These may include mixing poor-quality water with better sources, using salt-tolerant crop varieties, or improving drainage to flush out excess salts from the soil.
2.9	Previous Studies on Irrigation Water Quality in Nigeria
Several studies have been carried out across Nigeria to assess the quality of irrigation water and its implications for agricultural productivity, especially in areas where groundwater is the main source for farming. These studies provide valuable insight into the state of water resources used in irrigation and the potential risks they pose to soil health and crop performance.
In the northern part of Nigeria, particularly in the semi-arid regions, researchers have observed that the salinity and sodium content of irrigation water are major concerns. A study conducted in Kano State revealed that most irrigation water from shallow wells contained high levels of sodium and moderate salinity, making it unsuitable for long-term use without proper soil management practices (Usman et al., 2014). The study emphasized the need for regular monitoring and the use of salt-tolerant crops in such areas.
An investigation in Sokoto State found that water from the Goronyo Dam had elevated levels of electrical conductivity, which poses a risk of salinization if used continuously for irrigation without proper leaching practices. The study also reported low levels of calcium and magnesium, which are essential for maintaining soil structure and reducing sodium hazards (Abubakar et al., 2015).
In South Western Nigeria, including parts of Ogun and Oyo States, studies have shown that irrigation water from rivers and boreholes generally falls within acceptable quality limits. Occasional spikes in heavy metal concentrations, especially during the dry season, have been reported due to increased runoff and waste discharge into water bodies (Akanbi et al., 2017). These findings highlight the importance of seasonal sampling to detect changes in water quality over time.
In the North-Central region, which includes Kwara State, previous research has indicated that groundwater used for irrigation is generally of good quality, although localized contamination from fertilizers and household waste can affect water chemistry. A study conducted in Ilorin and its surrounding areas found that while most borehole and well water samples were safe for irrigation, some showed elevated sodium levels, which could lead to long-term soil structure degradation if not managed properly (Olatunji et al., 2020).
These studies underscore the need for periodic assessment of irrigation water, particularly in regions where farming heavily depends on local water sources. The findings also support the use of irrigation indices as a simple and effective way to determine water suitability and inform proper land and crop management decisions.






CHAPTER THREE
		        MATERIALS AND METHODS
3.1	Description of the Study Area
The experiment was conducted on underground wells in Akuo. Akuo is located on Latitude 7.7667o N and Longitude 3.7333o E, about 252 m above the mean sea level, North Central Nigeria. Akuo is a rural farming community located in Ilorin East Local Government Area of Kwara State, Nigeria. The area lies within the Guinea Savannah ecological zone and experiences a tropical climate characterized by distinct wet and dry seasons. The rainy season typically begins in April and ends in October, while the dry season extends from November to March. Average annual rainfall ranges between 1,200 mm and 1,500 mm, which supports agricultural activities throughout most of the year.
The community relies heavily on agriculture, with a large portion of the population engaged in small-scale crop farming. Due to seasonal rainfall patterns, groundwater sources such as wells and boreholes are the primary sources of water for irrigation, especially during the dry season. These sources are mostly hand-dug wells and boreholes located close to farms or within household compounds.
The terrain of Akuo is generally flat to slightly undulating, and the soil is mostly sandy loam, which is suitable for crop production. Common crops cultivated in the area include maize, vegetables, cassava, and yam. The use of groundwater for irrigation has become increasingly important due to changing rainfall patterns and increased demand for food production.
The area is accessible via rural roads that connect it to Ilorin city and neighboring villages. Basic infrastructure is present, but many farmers still rely on traditional methods for irrigation and water use, making water quality an essential factor in sustaining agricultural productivity.
This study location was chosen due to its dependence on groundwater for irrigation and the increasing need to assess the long-term effects of using such water sources on soil health and crop yield.
3.2	Sample Collection
Grid method of sampling was used and water samples were collected from wells in each of the sampled points as shown in Figure 3.1. The map serves as a pilot for sampling process. A total of 20 water samples were collected from dug wells and these were sent to the laboratory for relevant geochemical analysis. 
 The longitude, latitude and elevation of each location were recorded using a Global Positioning Systems (GPS). The static water level, total depth and water column of each hand dug wells were measured using meter tape along with their topographic elevation. 
The study area was visited as early as 7:00 am for samples collection for analyses. The water samples were collected by using a bucket fetcher to draw water from the well. The containers were rinsed three times with water to be collected before the actual three times with the water to be collected before the actual collection was doneinto2litres containers, marked and were all taken to laboratory immediately for the analysis of physiochemical properties. This research work was conducted in November, 2024. 

Figure:3.[image: ]
Figure 3.1. Map of the Study Area
The procedure in sampling for groundwater involves three basic steps; these are information on physical, chemical and biological properties. Based on the guidelines by WHO (1996).The physical properties examined include: the physical parameters (pH and Electrical Conductivity,). Chemical ions determined were chloride, nitrate, carbonate, bicarbonate, calcium, sodium magnesium, and potassium. Trace elements determined were lead, zinc, copper, chromium, cadmium, manganese, cobalt, iron and nickel. All analyses were done according to standard methods. 
3.3	 Data Analysis 
Statistical analyses were performed using Software Packages for Social Sciences (SPSS). The statistical tests applied were Descriptive Statistics, Correlation Matrix and Principal Components Analysis. Data obtained from laboratory analysis were used as variable inputs for the statistical tests.
 Principal component analyses were performed on correlation matrix of raw data in which a water samples were described by sixteen parameters (physical, biological and chemical). The following computer software was employed in the course  of the study: Arc Map, Surfer 8, Corel Draw and Aqua-Chem. These were used in the contouring of the maps and drawing of the graphical presentations. 
3.4	 Irrigation Indices for Groundwater Quality Evaluation
Irrigation indices are mathematical tools used to assess the suitability of groundwater for irrigation. They integrate various water quality parameters into a single value or range for better interpretation. They include (APHA, 2017):
a. Sodium Adsorption Ratio (SAR): Measures the potential of sodium to replace calcium and magnesium in soil. High SAR values indicate poor water quality and is given by Equation (3.1)
SAR=						(3.1)
Where:
SAR=Sodium Adsorption Ratio(%)
Na+= sodium concentration, (meq/l), 
Ca2+= calcium concentration, (meq/l)
Mg2+= magnesium concentration, (meq/l.)
b. Percentage Sodium (Na %):  is an indicator used to assess the sodium hazard of irrigation water. That is how much sodium is present relative to other cations. It helps determine the suitability of water for agriculture use particularly its impact on soil structure and crop productivity and is given by Equation (3.2)
					(3.2)
where,
Na+= sodium concentration, (meq/l), 
Ca2+= calcium concentration, (meq/l)
Mg2+= magnesium concentration, (meq/l.)
K+=potassium concentrate (meq/l)
c. Permeability Index (PI): is an important parameter used to assess the suitability of water for irrigation in terms of its effect on soil permeability and soil structure and was computed from Equation (3.3)
                                                          (3.3) 
	Where:
PI=Permeability Index (%)
Na+= sodium concentration, (meq/l), 
Ca2+= calcium concentration, (meq/l)
Mg2+= magnesium concentration, (meq/l.)
HCO3-=bicarbonate concentration (meq/l.)
d. Magnesium Hazard (MH): is used to evaluate the potential of irrigation water affect soil structure and permeability, especially due to an excess of magnesium over calcium. Excess magnesium can lead to poor soil aggregation, reduced permeability and ultimately poor plant growth and was computed from Equation (3.4):
(3.4)
Where:
MH==Magnesium Hazard (%)
Mg2+= magnesium concentration, (meq/l.)
Ca2+= calcium concentration, (meq/l)
e. Kelly’s Ratio (KR): It is used to evaluate the sodium hazard of irrigation water. It helps to assess the potential of sodium to replace calcium and magnesium in the soil which can lead to soil dispersion, reduced permeability and poor crop yield. It was determined from Equation (3.5)
                                                               (3.5)

Where:
KR=Kelly’s ratio
Na+= Sodium Concentration, (meq/l), 
Ca2+= Calcium Concentration, (meq/l)
Mg2+=Magnesium Concentration, (meq/l.)
f. Potential Salinity (PS):is an index used to estimate the long-term salinizing effect of irrigation water on soil and plants. It considers both soluble salts that remains in the soil and less mobile ions that may cause salt accumulation over time and was estimated from Equation (3.6)
PS=CL- +0.5×SO42-						                (3.6)
	Where:
		PS= Potential Salinity (meq/l), 
		CL-= Chloride concentration, (meq/l), 
SO42-=Sulphate concentration, (meq/l), 














CHAPTER FOUR
RESULTS AND DISCUSSION
4.1	Water Sampling Location Parameters of the Study Area
The water sampling location parameters of the study area is presented in Table 4.1
Table 4.1 Water Sampling Location Parameter of the Study Area
	Station
	Latitude
	Longitude
	Elevation           (m)
	Static Water Level (m)
	Total Depth Level (m)

	1
	8o33136.711N
	004o37137.21E
	354
	3.9
	8.45

	2
	8o33139.111N
	004o37137.611E
	368
	3.2
	4.2

	3
	8o33140.911N
	004o37140.311E
	371
	4.6
	8.9

	4
	8o33141.611N
	004o37139.111E
	380
	3.4
	7.3

	5
	8o33145.111N
	004o37136.511E
	369
	3.4
	7.1

	6
	8o33147.111N
	004o37139.211E
	372
	3.1
	5.2

	7
	8o33146.711N
	004o37141.911E
	373
	4.0
	7.0

	8
	8o33147.711N
	004o37142.311E
	375
	5.0
	7.2

	9
	8o33145.711N
	004o37142.111E
	375
	4.2
	6.9

	10
	8o33147.711N
	004o37143.711E
	373
	5.3
	6.3

	11
	8o33147.011N
	004o37145.211E
	376
	5.6
	9.1

	12
	8o33148.911N
	004o37146.711E
	378
	6.9
	9.4

	13
	8o33149.611N
	004o37146.311E
	375
	6.6
	7.9

	14
	8o33149.211N
	004o37152.911E
	377
	5.3
	7.25

	15
	8o33150.611N
	004o37151.51IE
	375
	5.9
	7.7

	16
	8o33151.111N
	004o37152.411E
	375
	5.7
	8.6

	17
	8o33136.711N
	004o37149.611E
	377
	7.0
	8.6

	18
	8o33143.911N
	004o37148.511E
	376
	8.1
	9.8

	19
	8o33140.011N
	004o37149.511N
	364
	7.0
	7.5

	20
	8o33135.611N
	004o38105.311N
	361
	4.5
	7.9




	The result showed that Location 18 of the study area had highest total well depth level (9.8 m) from the surface and static water level (8.1m) while Location 2 of the study area had lowest total well depth level (4.2 m) from the surface and static water level (3.2 m). 
4.2	Results of the Physicochemical Parameters of the Study Area
The summaries of the statistical data of physical and chemical parameters are presented in Table 4.2.
[bookmark: _Hlk204597745]Several physiochemical parameters including heavy metals are present in drinking water that play important roles in the body provided their level remains within the specified range recommended by WHO. Inevitably, due to industrialization and rapid urbanization, the problems of pollution have surfaced. This study was designed to assess and ascertain the suitability of groundwater within the study area for its potability and irrigational purposes. The summary of the results of the analysis of the hydro-chemical parameters is presented in Table 4.2. The results showed that the values of pH in the study area ranged between 7.12 and 6.86 with a mean value of 7.10 indicating a relatively neutral condition. The pH values are all within the prescribed WHO (2020) limits of 6.5 to 8.5 for potable water. The total hardness (TH) varied between 98mg/l and 246mg/l, with a mean of 206.3mg/l, Indicating that the groundwater in the study area is relatively hard when compared with permissible limit of WHO as shown in Table 3. Total Dissolved Solid (TDS) varied from 210mg/l and 140mg/l, with a mean of 192.25mg/l. TDS in all the locations are within the acceptable limit of WHO. Groundwater containing TDS (>1000mg/l)may cause laxative and constipation effects. The electrical conductivity has an average of 286 with minimum and maximum values of 210 and 360 respectively. The values were also observed to be within the acceptable limit of WHO, (2022). The bicarbonate values ranged between 260 and 92mg/l whiles its mean values is 202.7. The value does not exceed the permissible limit of WHO and other standards.  The Nitrate values also ranged between 8.31 and 0.83mg/l. The result also showed that nitrate concentration within the study area is suitable for human consumption. This is also applicable to other cations and anions. By implication, groundwater within the study area requires little or no treatment either for domestic use or irrigational purposes. 
1

Table 4.2: Summary Statistics of the physical and chemical data
	
	Count
	Average
	Standard deviation
	Coeff. of variation (%)
	Minimum
	Maximum
	Range
	WHO

	Pb
	20
	9.95
	6.08
	61.13
	1
	21
	20
	0.01

	Cu
	20
	31.25
	17.93
	57.38
	3
	74
	71
	2.0

	Cr
	20
	11.0
	5.49
	49.96
	1
	22
	21
	0.05

	Mn
	20
	37.65
	20.21
	53.69
	3
	75
	72
	0.5

	Zn
	20
	11.85
	8.27
	69.81
	1
	35
	34
	3.0

	Ni
	20
	3.2
	0.52
	16.34
	3
	5
	2
	0.02

	Co
	20
	3.25
	0.71
	22.04
	3
	6
	3
	0.05

	Cd
	20
	2.15
	0.48
	22.76
	2
	4
	2
	0.003

	Ca
	20
	5313
	1155.29
	21.74
	2479
	6400
	3921
	75-200

	Mg
	20
	1748.4
	499.57
	28.57
	715
	2856
	2141
	30-150

	Na
	20
	1325.45
	192.02
	14.48
	1030
	1793
	763
	50-200

	Fe
	20
	704.2
	710.97
	100.96
	332
	3097
	2765
	2.0

	K
	20
	937.3
	104.98
	11.20
	719
	1081
	362
	12

	HCO3
	20
	202.7
	48.23
	23.79
	92
	260
	168
	300

	SO4
	20
	23.6
	8.24
	34.95
	10
	40
	30
	200-400

	Cl
	20
	4374.95
	713.62
	16.31
	3331
	6070
	2739
	240-500

	NO3
	20
	302.15
	192.31
	63.64
	83
	832
	749
	50

	Ph
	20
	506
	307.29
	60.68
	7
	7.12
	7.05
	6.5-8.5

	EC
	20
	286
	34.24
	11.97
	210
	360
	150
	750-1500

	TDS
	20
	192.25
	23.31
	12.12
	140
	240
	100
	500-1500

	TSS
	20
	1.65
	1.03
	63.02
	1
	5
	4
	<1

	Colour
	20
	0.25
	0.55
	220.04
	0
	2
	2
	15

	TS
	20
	193.9
	23.44
	12.09
	141
	241
	100
	

	Turbidity
	20
	56.75
	166.28
	293
	0
	692
	692
	5

	TH
	20
	206
	42.38
	20.54
	92
	280
	188
	100-500

	Calcium Hardness
	20
	43315
	62635
	144.60
	74
	150275
	150201
	

	Magnesium Hardness
	20
	28071
	40783
	145.28
	46
	101975
	101929
	

	Alkalinity
	20
	206.95
	44.81
	21.65
	92
	269
	177
	200



4.3.	 Suitability of Akuo Village Groundwater for Irrigation
The suitability of groundwater for agricultural and irrigation purposes is contingent on the overall effects the chemical constituents in the groundwater on both plants and soils. Assessment of groundwater suitability for irrigation purposes was achieved using the following indices; sodium adsorption Ratio (SAR), permeability index (PI), Percent sodium (Na %), Magnesium hazard, Kelly ratio and PS are presented in Table 4.3

Table 4.3: Irrigation Water Indices of the Study Area
	Location 
	SAR
	Na%
	PI
	MH
	KR
	PS

	1
	0.372346
	0.163836
	0.521802
	71.54324
	0.129567
	1.27199

	2
	0.361285
	0.161072
	0.514307
	69.9259
	0.125137
	1.302964

	3
	0.432345
	0.174375
	0.505601
	65.76709
	0.143148
	1.493075

	4
	0.435428
	0.174715
	0.498417
	60.88933
	0.144236
	1.724315

	5
	0.433373
	0.174346
	0.49431
	65.09996
	0.142877
	1.734187

	6
	0.525384
	0.202028
	0.51475
	71.56042
	0.176961
	1.792679

	7
	0.419519
	0.173646
	0.516271
	69.84713
	0.143276
	1.472255

	8
	0.409001
	0.173131
	0.507235
	67.69072
	0.138437
	1.572388

	9
	0.466902
	0.193043
	0.484753
	43.81558
	0.175112
	1.261533

	10
	0.382903
	0.181163
	0.505545
	60.46873
	0.136023
	1.126937

	11
	0.367854
	0.141484
	0.434786
	57.6087
	0.110472
	2.128532

	12
	0.469
	0.288459
	0.737282
	67.78151
	0.245478
	1.180174

	13
	0.558872
	[bookmark: _Hlk204600334]0.289605
	0.673421
	62.11594
	[bookmark: _Hlk204599811]0.256266
	1.306204

	14
	0.36508
	0.173881
	0.514738
	66.42613
	0.129618
	1.618626

	15
	0.378221
	0.179154
	0.534323
	68.14926
	0.137029
	1.418361

	16
	0.365121
	0.173306
	0.521753
	71.81572
	0.141367
	1.105427

	17
	0.432345
	0.174375
	0.505601
	65.76709
	0.143148
	1.493075

	[bookmark: _Hlk204599764]18
	0.304036
	[bookmark: _Hlk204600303]0.127958
	0.46624
	58.73722
	0.098203
	1.614028

	19
	0.340351
	0.154124
	0.500093
	68.68042
	0.118466
	1.561774

	20
	0.356813
	0.144888
	0.482374
	64.6641
	0.114245
	1.415351



4.3.1.	Sodium Adsorption Ratio (SAR)
[bookmark: _Hlk204599271]	Sodium adsorption ratio(SAR) is a measure of the tendency of sodium (Na) ions to displace Ca ions in the irrigation water soil (Al-Tabbal and Al-Zboon, 2012). From the Table 4.3, the values of SAR are considerably less than 10 in all the locations sampled. This shows that the groundwater in the study is excellent for irrigation and other farming activities. Water sample shaving SAR values less than 10 meq/l are considered excellent, 10 meq/l to 18 meq/l as good, 18 meq/l to 26 meq/l as fair, and above 26 meq/l are unsuitable for irrigation use (USAD, 1954, Adegbola et al., 2019).  Figure 4.1 shows the spatial distribution of sodium absorption ration within the study area.
4.3.2 Kelly’s ratio (KR)
[bookmark: _Hlk204599362]	The ratio of sodium to calcium and magnesium is known as Kelly’s Ratio (Meena and Bisht 2020). The Kelly’s ratio of unity or less than one is indicative of good quality of water for irrigation whereas above one is suggestive of unsuitability for agricultural purpose due to alkali hazards (Karanth, 1987; Adegbola, et al., 2019). Table 4.3 shows the results of Kelly’s ratio while Figure 4.2 shows its spatial distributions. From Table 4.3, all the sampling locations have the value less than one which is an indication of good quality water sources for irrigation purpose due to non-alkali hazards in the water.
4.3.3 Permeability index (PI)
[bookmark: _Hlk204599922]	The Permeability index(PI) is an important measure for detecting the appropriateness of surface water for irrigation, and it was developed to assess the risk of soil permeability The Permeability Index (PI) values > 75meq/l indicates excellent quality of water for irrigation. If the PI values are between 25 meq/l, - 75meq/l, it indicates good quality of water for irrigation. However, if the PI values are less than 25meq/l, it shows unsuitable nature of water for irrigation (Table 4.3). Permeability Index (PI) of water is a function of sodium, calcium, Magnesium and carbonate in the soil (Stewart and Nielsen, 1990).  Based on this assessment, the water samples from these locations indicate low quality water for irrigation purposes and may require appropriate treatment before usage. The spatial distribution of permeability index is shown in Figure 4.4.
4.3.4 Magnesium Hazard (MH)
	The concentration of magnesium ion is more important than that of calcium ion for irrigation water and their ratio serves as an index for irrigation water quality. The Mg/Ca ratio of the groundwater is lower than the desirable limit values. The Mg/Ca ratio of <1.5meq/l indicates excellent quality of water for irrigation (Table 3). If the Mg/Ca values are between 1.5meq/l and 3meq/l, it indicates good quality of water for irrigation. Typically, Ca2+ and Mg2+ are balanced in most water sources. Nevertheless, an excess of Mg2+ can negatively impact crop productivity (Ali and Ali 2018). Magnesium can degrade soil structure, particularly in sodium-dominated and highly saline water. Elevated Mg2+ levels are often the result of exchangeable Na+ in irrigated soils. Figure 4.4 shows the spatial distribution of magnesium hazard within the study area
4.3.5 Sodium Percentage
[bookmark: _Hlk204600182]The percentage of sodium is frequently used to evaluate the suitability of water for agricultural purposes. This measurement is also referred to as the soluble sodium percentage (SSP), a term first introduced by Wilcox in 1955. According to study of Ravikumar et al. (2011), water with a sodium percentage exceeding 60% is deemed unsafe, while water with a sodium percentage below 60% is classified as safe for agricultural activities. Table 4.3 shows the results of sodium percentages while Figure 5 shows the spatial distribution of sodium percentages in the study area. The result shows very low values of sodium percent which implies good and suitable water for irrigational purposes. The solubility and relative concentration of the cations in the excavated water is the main factor influencing the alkaline danger. As the percentage of Na+ rises, the alkaline danger rises; when Ca2+ and Mg2+ dominate, the alkaline hazard falls. Behera et al. (2016) quote Wilcox (1955), who suggested using sodium percentage as a foundation for evaluating irrigation water quality for sodium hazard. The salts have an indirect impact on soil structure, permeability, and aeration in addition to their direct effects on plant growth.
4.3.6	Potential Salinity
This is one of the indices used to assess the suitability of water for irrigation. It's a measure of the potential for salinity issues in the soil due to the sodium content of the irrigation water. In simpler terms, it helps determine if the water is likely to cause salt buildup in the soil, which can harm plant growth. A researcher pointed out that the concentrations of soluble salts in water have no control on its suitability for irrigation (Sahu and Sikdar, 2008). Rather, his opinion is that the low soluble salts get precipitated in the soil and accumulate with successive irrigation and on the other hand, the concentrations of highly soluble salts enhance the salinity of the soil. Table 3 shows the results of potential salinity while figure 6 shows the spatial distribution of potential salinity within the study area. The results showed low values of salinity potential. This suggests that groundwater in the study area is suitable for irrigational purposes. 
[image: ]
Figure 4.1: Spatial Distribution of Sodium Adsorption Ratio
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Figure 4.2: Spatial Distribution of Kelly’s Ratio of the Study Area
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Figure 4.3: Spatial Distribution of Permeability Index of the Study Area
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Figure 4.4: Spatial Distribution of Magnesium Hazard of the Study Area
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Figure 4.5: Spatial Distribution of Sodium Percentages within the study Area
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Figure 4.6: Spatial Distribution of Potential Salinity within the Study Area


CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS
5.1 Conclusions
	The evaluation of groundwater suitability for domestic and irrigation was conducted using a comprehensive analysis of key physicochemical parameters (cations/anions) and several other indices. These included electrical conductivity (EC), total dissolved solid (TDS), total hardness (TH), Sodium absorption ration (SAR), sodium percent (Na %), potential suitability (PS), permeability index (PI), magnesium hazard (MH), Kelly ratio (KR). The analyzed values were evaluated against the established benchmarks to assess the suitability of groundwater resources for irrigation purposes. All the quality indicators show that the groundwater sources in the area requires little or no treatment and is excellent for irrigation purposes. 
5.2 Recommendations
The following recommendations are deduced from the finding of the study
i. Collection of more water samples within the study area
ii. Determination of biological parameters and other indices
iii. Farmers should be encouraged to use bio-fertilizer and bio-pesticides to avoid the groundwater contamination
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