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ABSTRACT: This study examined the impact of land use types on soil characteristics in Benin 

City, Nigeria. In both the rainy and dry seasons, soil samples were taken from a farmland at 

the University of Benin in Nigeria at depths of 0–15 and 15–30 cm, respectively. The 

physicochemical parameters investigated include pH, EC, carbon content, nitrogen, organic 

matter, phosphorus, aluminum, and Cation Exchange Capacity (CEC), as well as Ca, Mg, K, 

and Na. When comparing seasonal differences in pH, phosphorus, aluminum, and CEC levels, 

significant differences were revealed at ρ < 0.05, d = 0.0001 for pH, ρ < 0.05, d = 0.0001 for 

phosphorus, ρ < 0.05, d = 0.0002 for aluminum, and ρ < 0.05, d = 0.019 for CEC, respectively. 

Conversely, the seasonal differences in EC, carbon content, nitrogen, and organic matter were 

not significant at ρ < 0.05, d = 0.46 for EC, ρ < 0.05, d = 0.30 for carbon content, ρ < 0.05, d = 

0.46 for nitrogen, and ρ < 0.05, d = 0.31 for organic matter, respectively. The investigated soil 

physico-chemical properties did not vary significantly according to land use types at ρ and d 

values. This study showed that, in general, soil characteristics were highly influenced by 

different land uses and hence emphasizes the need to monitor urban land use activities. 
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1. Introduction 

Human activity is the defining characteristic of urban areas, and soil quality degradation is 

frequently correlated with human health and food safety degradation [1, 2]. Accelerated 

urbanization can, therefore, result in the highly intensified use of lands in those areas on the 

periphery of cities, having a significant impact on the soil's properties [3, 4]. Changes in land 

use are regarded as significant contributors to, and a root cause of, environmental changes 

worldwide [5]. The interaction of the bio-physical and human dimensions in space and time is 

what causes these changes. The different soil types, topography, climatic factors, and types of 

land use all have an impact on how quickly soil quality degrades. According to research by [5], 

improper land use exacerbates the deterioration of the physico-chemical and biological 

characteristics of the soil. Changes in land use and management practices frequently alter most 
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soil morphological, physical, chemical, and biological properties to the extent that this is 

reflected in agricultural productivity [6]. 

Human activity in the environment has the potential to significantly change soils, and 

these changes set these soils apart from those found in other systems and within the 

environment. Numerous investigations have evaluated the distinctive physical, biological, and 

chemical characteristics of soils [6]. Particularly, soil bulk density, soil microbial biomass and 

activity, and the quantity and quality of soil organic matter have all been investigated and found 

to be impacted by human activities. Due to the decrease in productivity and changes to the 

ecological functions of the soil, this degradation implies a change in soil quality [3]. According 

to [5], land use types have a significant impact on the clay, sand, and silt fractions. Sand and 

silt decrease with soil depth while clay increases. The soil's pH, total N, organic carbon, 

available P, exchangeable Ca, exchangeable Al, sum of bases, Effective Cation Exchange 

Capacity (ECEC), and Al saturation were all significantly influenced by the type and systems 

of land use. Although Al toxicity was present in the subsoils and increased with soil depth, 

issues with acidity affected the topsoil. It is well known that when native forest and native 

rangeland are converted to cultivated agricultural land, the soil properties deteriorate [7]. 

According to the authors, the main effects include a rise in bulk density, the breakdown of 

organic matter, and a reduction in Cation Exchange Capacity (CEC), all of which have a 

negative impact on soil fertility. Further, altering soil characteristics and decreasing yield can 

be caused by changes in land use, protracted cultivation, deforestation, excessive grazing, and 

mineral fertilization [8]. 

In Nigeria [9], where pressures from industrialization and urbanization frequently result 

in the loss of prime agricultural land and tree cover, land use changes often take place at the 

edges of dense urban areas. These frequently have a negative impact on the hydrological 

balance of the region, increasing the risk of floods and landslides as well as air and water 

pollution, among other things. Other local effects include land pollution, coastal erosion, 

marine and aquatic pollution of nearby water bodies, extinction of indigenous species, soil 

erosion, sedimentation, contamination of soil and groundwater, and salinization. Due to the 

swift increase in the human population, Benin City has seen a sharp rise in soil pollution and 

the spread of many land use activities. The attendant environmental consequences of most of 

these unregulated land uses include erosion, flooding, and pollution of water bodies. To ensure 

proper management of soil resources, there is a need to understand how the soil responds to 

use and management over time. Information regarding the effects of unauthorized land use on 

the quality of the soil in Benin City is unfortunately scarce. This study, therefore, becomes 

imperative as it intends to reveal the impact of land use type on soil properties within Benin 

City metropolis with the hopes also that the findings will be a base for land use planning by the 

appropriate authority. The goal of the current study was to ascertain how three different land 

use types in Benin City, Edo State, affected a few different soil properties. 

2. Research methodology 

2.1.Study area. 

Benin City is in the Mid-Western region of Nigeria and serves as the capital of Edo State. It is 

situated within Latitudes 6°0’N and 6°26’N, and Longitudes 5°35’E and 5°4’E (Figure 1). Over 

the past decade, Benin City has undergone significant growth in both population and the 

structural complexity of its activities. The current population stands at 1,125,058. This 



 
 

Tropical Environment, Biology, and Technology 1(2), 2023, 94‒109 

96 
 

population growth is attributed to increased employment opportunities resulting from the 

establishment of more government departments and the expansion of retail trade. Located in 

south-south Nigeria, Benin City is situated on a lowland plain that gradually ascends to the 

Esan Plateau in the north, characterized by very fertile soil suitable for agriculture. The city is 

underlain by the Benin Formations, sedimentary formations dating back to the Miocene and 

Pleistocene era. These formations, covering the entire Niger Delta, consist of consolidated sand 

and sandy clays. The topography is largely uniform, with a surface area gently undulating from 

about 505 meters in the southeast to about 215 meters in the north, resulting in a mean elevation 

of about 83 meters above sea level. Benin City experiences a tropical rainforest climate, with 

annual rainfall ranging from 1900 to 2050 mm and a mean temperature of 26.2°C. 

 
Figure 1. Map of Africa showing the location of Nigeria, Edo State and Benin City. 

2.2. Data collection. 

Five random soil samples were collected from various locations: a farmland at the Agricultural 

Science Department, The University of Benin; a mechanic workshop at Uwelu; a dumpsite 

located at Doctor Quarters behind the University of Benin Teaching Hospital (UBTH); and a 

residential area located at Ekosodin. The samples were collected using a hand trowel at a depth 

not exceeding 30 cm. The device was thoroughly cleaned with water after every sample 

collection before being used for any other collection. Samples were collected monthly for three 

(3) months (September - November) during the 2011 rainy season, and during the dry season, 

samples were collected from December to February 2012. The residential area, Ekosodin, is a 

community of indigenous people and students at the University of Benin. Various land use 

practices take place in the area, ranging from construction to farming. The farmland is utilized 

by students of the Faculty of Agriculture at the University of Benin for the cultivation of crops 

such as cassava and corn. Soil samples were also collected from a waste dump site behind the 

UBTH, containing both clinical and domestic waste. Additionally, soil samples were collected 

from a mechanical workshop in a community called Uwelu, known as a spare parts market, 
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consisting mainly of spare parts shops and a few residential buildings. The soils in this area 

occasionally have petroleum products spilled. 

2.3.Soil sampling, preparation, and analyses. 

At each sampling site, the land was segmented into four portions, each containing at least two 

transects. Soils were collected randomly using a soil auger at depths of 0–15 and 15–30 cm, 

respectively. Two cores were combined into one composite sample in each segment, resulting 

in five composite samples from each segment. In total, 10 samples, representing 5 topsoils (0–

15 cm) and 5 subsoils (15–30 cm), were collected and transported to the laboratory in 

polyethylene bags. The soils were sieved through a 2 mm mesh stainless sieve in the laboratory 

after being air-dried for 72 hours at room temperature (22–25°C). 2-mm samples that had been 

air-dried were stored in polyethylene bags for later analysis. The Nigerian Institute for Oil Palm 

Research (NIFOR), located in Benin City, conducted the analysis using the 2-mm fractions to 

determine various soil properties. The pH of the soil was calculated in a 1:2.5 soil-water 

solution using a pH meter. Exchangeable Ca, Mg, K, and Na were measured using a flame 

photometer, while Electrical Conductivity (EC) was determined following the methods advised 

by [8]. Chromic acid oxidation was employed to determine the amount of organic carbon (OC), 

and a specific M0 to C factor was used to calculate the amount of organic matter (M0), 

subsequently used to calculate exchangeable acidity. The amount of soil nitrogen was 

calculated using the Kjeldahl Digestion Method [8, 9], and the amount of readily available 

phosphorus was determined using the Olsen Method [7, 10]. 

2.4.Statistical analysis. 

A range of parametric statistics was applied to the data obtained from the laboratory analysis. 

The degree of variation among soil variables and the effects of various land use types on those 

characteristics were assessed using one-way ANOVA. The Statistical Package for Social 

Sciences (SPSS) was utilized to determine correlations between the various parameters. The 

comparison of sample distributions was conducted using the Student t-test with a significance 

level of 0.05.  

3. Results and Discussion  

3.1. Seasonal variation results of the pH. 

Results of spatial and temporal variations of the studied soil characteristics are illustrated in 

Figures 2. In Figure 2, it was observed that the mean value of pH level of soils from residential 

areas had the highest pH reading (4.62 in Dry Season and 7.29 for Rainy Season), followed by 

soils from the mechanical workshop (4.05 in Dry Season and 6.42 for Rainy Season). Farm 

soil recorded the lowest reading (3.42 in Dry Season and 5.62 for Rainy Season). In addition, 

pH levels of soils were higher at 15–30 cm in all the sampling points and seasons when 

compared to values at 0–15cm. Significant differences between the rainy and dry seasons' pH 

levels were found at 0.05, d = 0.0001. The soil pH ranges from 0-14, with 7 being neutral. 

Acidity is indicated by a pH value of less than 7, whereas alkalinity is indicated by a pH value 

greater than 7. The soil in this area has generally acidic pH levels (the value ranged from 3–5), 

except for a soil sample from the mechanical workshop. It is crucial to understand that a change 

of just a few pH units can have a significant impact on the chemical environment and delicate 

biological processes because the pH scale is expressed in logarithmic units. In the tropical 
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region, soil with a pH of 5 is 10 or 100 times more acidic than soil with a pH of 6 or 7. The 

geology of the area affects, rainfall pattern leaching, organic matter decay, nitrification of 

ammonium, and external sources including waste generation such as organic and inorganic 

waste can all be considered contributing factors to the study area's generally more acidic soil 

pH levels.  Plant growth, chemical, biological, and physical characteristics of the soil are all 

influenced by its pH. Understanding how acidic soils affect plant growth in terms of both soil 

pH and harmful elements is crucial for successful revegetation because acidic soils have 

indirect effects on plant growth, such as the dissolution of harmful elements. For instance, Al, 

which makes up about 7% of the mass of the Earth, is easily released in water with small pH 

changes, which prevents plant growth, including root growth. Al, which is typically present in 

soils as Al(OH)3, dissolves in water as Al3+ when the pH is acidic ( <4.5) and is released as 

Al(OH)4 when the pH is alkaline. Al3+  readily reacts with phosphoric acid, resulting in the 

formation of insoluble aluminum phosphate in soils, which depletes plants of phosphorus. The 

growth of plants is also hampered by other harmful elements like Fe and Mn [11]. 

 
Figure 2. Seasonal variation in soil pH. 

 

 
Figure 3. Seasonal variation in Electrical Conductivity (EC). 

3.2. Seasonal variation results of the electrical conductivity. 

Figure 3 displays the mean electrical conductivity of soils from the four study sites. Soils from 

the mechanical workshop had the highest reading at the 15–30 cm depth during the rainy season 

(401.56 µS/cm), while the dumpsite had the highest dry season reading at the 0-15 cm depth 

(115.92 µS/cm). Low electrical conductivity (EC) values were generally common in the dry 
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season. Statistical differences in seasonal levels of EC were not significant at ρ > 0.05, d = 

0.46, although high values of EC were observed in the mechanical workshop soils. This could 

possibly be attributed to the release of oil and grease, which distorts the soil properties due to 

reactions with various hydrocarbon compounds in the oil product compared to the other types 

of land use. Soil EC, also known as salinity or ion concentration, is the electrical conductivity 

of a solution over a unit distance, indicating the number of soluble salts present in the matrix. 

The quantity of soluble salt ions in the solution directly impacts the EC value. Irrigation water 

and fertilizer solutions are the main sources of soluble salt ions. However, excessive fertilizer 

use can cause the soil to become more salinized [12, 13]. The EC of normal soil should be less 

than 4 mS/cm [14]. EC levels for the study area were generally high, and this may be attributed 

to both soil type and agricultural activities in the area. Studies have shown that factors such as 

temperature, salinity, moisture content, irrigation [15], and soil types [16] impact a soil 

solution's EC in addition to fertilizer applications. Due to their texture, which can hold a lot of 

water and result in a high moisture level, clay-rich soils have higher electrical conductivity 

(EC) values [16]. Reverse osmosis pressure, which replaces the water in the root system and 

causes the root tip to turn brown or dry, may occur if the soluble salt content (EC value) of the 

substrate is too high [17]. Root rot brought on by the cotton rot fungus is more likely to occur 

at very high EC values. If the EC value is too low, it is an indication that some nutrients are 

not getting enough [18] 

 
Figure 4. Seasonal variation in organic carbon content. 

3.3. Seasonal variation in percentage organic carbon content in the soil. 

Figure 4 illustrates the mean percentage of organic carbon in soils from all four sites. Soils 

from the mechanical workshop had the highest reading at the 0–15 cm depth during the dry 

season (1.6512%). The percentage of carbon in the residential area was the lowest during the 

rainy season at the 15–30 cm depth (0.3712%). At the UBTH dump site, carbon content was 

highest during the rainy season, irrespective of soil depth. At the University of Benin farm, 

during the dry season, the soil at a depth of 0–15 cm had the highest carbon content. At > 0.05, 

d = 0.30, statistical differences in seasonal levels of organic carbon content were not significant. 

Due to years of nutrient mining, the soil organic carbon content in the study area was typically 

low, as is common in most soils in sub-Saharan Africa's semi-arid tropics [19]. The topsoil 

usually has the highest concentration of soil organic carbon, ranging from 0.5% to 3.0%. Desert 

regions are the only places where soils have less than 0.5% organic carbon. Organic soils 

(histosols) are defined as soils with more organic carbon than 12–18% [20]. The observed 

levels of soil organic carbon content in the study area are generally low, and this can be 
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attributed to the clay content, precipitation, shallow topsoil, and urbanization activities in the 

area. [21] have shown that soil structure variability is influenced by the SOC to clay ratio, and 

this ratio should not be less than 10% for acceptable soil structure variability. Clay content is 

important due to its effects on SOC protection, such as adsorption on mineral surfaces and 

within soil aggregates. Soils tend to have a steady-state SOC content when land management 

techniques are used, as well as organic matter inputs. Decreasing SOC has implications for 

flood and erosion controls, as well as climate change mitigation. Soil quality is hence largely 

dependent on topsoil SOC content [22]. 

 
Figure 5. Seasonal variation in soil nitrogen. 

3.4. Seasonal variation in nitrogenous content in the soil. 

One of the most crucial macronutrients is nitrogen, and factors such as soil pH, moisture 

content, temperature, land use, and substrate affect how readily available it is. It is a part of 

proteins, pigments, genetic material, amino acids, and other important organic molecules [23–

25]. Many crops experience a significant reduction in plant photosynthesis when soil N levels 

are low. About 75% of the nitrogen in leaves is found in the chloroplasts, with most of it in the 

photosynthetic apparatus, there is a strong correlation between leaf nitrogen content and plant 

photosynthetic capacity. The percentage Nitrogen of soils from all the four sites is represented 

in Figure 5. Soils from the mechanical workshop had the highest reading at the 0 – 15 cm depth 

for both the dry and rainy seasons (0.13 and 0.11%, respectively). Percentage nitrogen was 

lowest at the UBTH dumpsite for the dry season at the 15–30cm depth (0.027%) and the rainy 

season had the lowest percent Nitrogen reading at the residential area of Ekosodin (0.027%).  

 
Figure 6. Seasonal variation in soil organic matter. 

Residential soils at Ekosodin had a steep topography and this made water erosion a 

common occurrence and this could have been the main reason as to why there was low soil 
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nitrogen content in the rainy season. Seasonal differences in soil nitrogen levels between the 

rainy and dry seasons did not show significant differences at ρ > 0.05, d = 0.46.  The soil 

nitrogen levels are generally low and range from 1 to 5 %. On average, plant tissues exposed 

above ground contain around 3-4% nitrogen. Erosion and runoff may probably have led to the 

low soil nitrogen levels in the study area. Similar studies conducted elsewhere discovered a 

connection between a lack of nitrogen and surface leaching, soil water content, microbial 

biomass, and soil fertility status [26, 27].  

3.5. Seasonal variation in soil organic matter. 

The portion of the soil that is made up of plant or animal tissue that is decomposing is known 

as soil organic matter. SOM is a key metric for assessing soil quality in the field. SOM plays a 

crucial role in supplying the soil with resources, such as water or nitrogen, has been primarily 

blamed for improved crop yield [28]. Most agricultural soils are productive when the organic 

matter content is between 3 and 6% [29]. The soil organic matter at the mechanical workshop 

was the highest at the 0–15 cm depth for both dry and rainy seasons (2.86 and 2.06%, 

respectively) (Figure 6). At the UBTH dumpsite SOM was highest during the rainy season at 

both the 0–15 and 15–30 cm depths. At the residential area of Ekosodin SOM was highest 

during the dry season as compared with the rainy season levels. Nevertheless, statistical 

differences in seasonal levels of SOM were not significant at ρ > 0.05, d = 0.31. Organic matter 

is added to soil via vegetative residue decay. It is quite clear that vegetation cover is absent at 

the mechanical workshop, and this therefore means that little or no organic matter is added to 

the soil over time. Apart of soil samples from the University of Benin Teaching hospital, where 

SOM for the dry season was 2.9%, SOM for the entire study area was low; this can be attributed 

to urban and agricultural land use activities that lead to enhanced organic carbon oxidation.  

 
Figure 7. Seasonal variation in available soil phosphorus. 

Soil organic matter (SOM) attributes used to describe the various SOM functions include 

soil organic carbon (SOC) and soil organic nitrogen (SON). Native vegetation, climate, soil 

types, management techniques, previous land use patterns, and the timing of land conversion 

all affect SOM dynamics [30]. Changes in land use have an impact on the microbial 

communities that make up soil ecosystems and how readily available C and N are in the soil. 

Land use change, particularly in sandy soils, may have an impact on soil moisture and 

temperature, which ultimately reduces the accumulation of SOC and SON. Numerous studies 

have demonstrated that changes in land use, including those to crop types, vegetation cover, 

and agricultural practices, have a significant impact on the accumulation of SOM. According 

to Ethiopian research, cropland, grazing land, and eucalyptus plantations all had lower SOM 

stocks than forest soil (0–20 cm) [29, 30]. Additionally, researchers in New Zealand discovered 
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that soil from forests contained more total nitrogen (2.90 g/kg) than soil from pine tree 

plantations (2.70 g/kg). In the Northeast of Thailand, [31] discovered that forest soils had 

significantly higher SOM contents than agricultural soils at a depth of 0–15 cm. [32] discovered 

that upland crop soil had a lower SOM than forest soil. Several studies indicated that SOM 

accumulation in forest topsoil was influenced by leaf litter decomposition [33]. Another 

Brazilian study on how land use affects SOM compared soil from a coconut orchard treated 

with leguminous cover crops, chemical-organic fertilizer application, and mulching to soil from 

a forest. The coconut soil had higher SOM content in the 0-30 cm depth than the native forest 

soil [34].  [35] discovered that SOM was higher in the upper soil layer (10–30 cm) from coconut 

fields than in the lower soil layer (0–10 cm). 

3.6. Seasonal variation in phosphorous content. 

Phosphorus (P) content was generally higher during the dry season as compared to the rainy 

season (Figure 7). However, P values were observed to be highest at the UBTH dump site at 

both 0–15 and 15–30 cm. The lowest values of phosphorus were recorded at the University of 

Benin Farm. Seasonal differences in phosphorus levels between the rainy and dry seasons 

revealed significant differences at ρ < 0.05, d = 0.0001. Most of the phosphorus in soils is found 

to be orthophosphate, with total phosphorus concentrations typically ranging from 500 to 800 

mg/kg dry soil. In the current study, Phosphorus levels at all the sampled sites were very low; 

this can be linked to the low SOM and acidic nature of the soils. A sizeable portion of this P is 

linked to organic matter, number of free oxides of iron and aluminum, soil pH, placement of 

fertilizer, clay content and soil mineralogy [36].  For example, aluminum and iron oxides and 

hydroxides in the soil material as well as clay silicates are known to undergo sorption reactions 

with phosphates. Aluminum and iron oxides are the primary phosphate adsorbents in sandy 

soils, according to [37]. In acidic soils, P can be primarily absorbed by Al/Fe oxides and 

hydroxides, such as gibbsite, haematite, and goethite. These properties have been found to be 

closely correlated. P can first be adsorbed by forming different complexes on the surface of 

clay minerals and Fe/Al oxides. While the protonated bidentate inner sphere complex 

predominates in acidic soil conditions, the non-protonated and protonated bidentate surface 

complexes may coexist at pH 4–9. Large specific surface areas of clay minerals and Fe/Al 

oxides provide many adsorption sites. As a result, increasing ionic strength can improve soil P 

adsorption [36]. The most popular sources of organic phosphorus for crops are compost, 

sewage sludge, and animal manure. The release of P is slow and erratic, and the phosphorus 

content of organic sources varies. Phosphorus aids in the development of roots in young plants 

and is crucial for breathing and energy supply.  

It plays crucial roles in the metabolism of nitrogen compounds, carbohydrate 

transportation, carbohydrate metabolism, and fat metabolism in addition to being an essential 

component of macromolecules like proteins, nucleic acids, the plasma membrane, vitamins, 

and Adenosine TriPhosphate (ATP). It also has a significant impact on stress resistance, plant 

dependence on vesicular-arbuscular mycohrrhizal fungal for P uptake, and crop quality and 

yield. It also plays a significant role in signal transduction and photosynthesis in plants. Due to 

the loss of P nutrients brought on by high temperatures and heavy rainfall as well as the fixation 

of P by sesquioxide in the soil, P deficiency has emerged as one of the primary factors limiting 

crop growth in tropical and subtropical regions [38]. According to [39], their findings revealed 

that P deficiency significantly reduced the Dry Weight (DW) of lettuce and tomato roots and 

shoots as well as the number of leaves on Chinese milk vetch, alfalfa, lettuce, tomato, and 
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marigold plants. In rice, sunflower, and maize, a P deficiency significantly decreased the net 

photosynthesis rate and energy capture efficiency of the PSII reaction center [40]. Additionally, 

sugar beet, soybean, tobacco, oats, sheep grass, barley, tea, and Zizania latifolia were all found 

to have lower photosynthesis rates due to phosphorus (P) deficiency [38, 41, 42]. P deficiency 

affected crop production and grain yield [40, 43]. Short-term P deprivation decreased tomato 

seedlings' total chlorophyll (Chl), as well as their carotenoid and P concentrations [44].  

 

 
Figure 8. Seasonal Variation in Aluminum ion (Al3+). 

3.7. Seasonal variation in aluminum ions. 

In Figure 8, there are significant variations in seasonal and spatial patterns of aluminum ions 

in the four sampled sites. However, it was observed that dry season concentrations were higher 

at all the sites. At some of the sampled sites, such as the residential, mechanic and UBTH dump 

sites, aluminum ions were not detected. Statistical differences in seasonal levels of aluminum 

ions were significant at ρ < 0.05, d = 0.0002.  Aluminosilicate minerals contain significant 

amounts of Al ions, but only a very small amount is soluble and capable of affecting plant 

growth and development [43]. Aluminum concentrations in soils typically range from 1 to 30% 

(10,000 to 300,000 mg Al/kg). Although aluminum (Al) is not regarded as a necessary nutrient 

for plants, it can occasionally have positive effects such as accelerating plant growth. However, 

plants grown in acidic soils all over the world may be constrained in their ability to grow due 

to aluminum toxicity. Agriculture production is most likely to be restricted by aluminum 

toxicity in acidic soils (with a pH of 5.5 or lower). The pH of the soil and the chemical 

environment of the soil solution affect the total Al concentration in the soil as well as the types 

of Al species [45]. Aluminum-hydroxy cations and Al(H2O)6
3+ (Al3+) are released from 

aluminosilicate clays and aluminum hydroxide minerals when the pH falls below 5.5 [46]. 

These cations then exchange with other cations. Al3 > Al3+ > Al(OH)2+ > Al(OH)2+ > Al(OH)4-

[47] is the order in which different Al species have a toxic effect on plant growth.  This is the 

case with the study area especially during the dry season when pH levels are less than 5.0. 

Since 40–50% of the world's total potential arable land has acidic soils, aluminum (Al) toxicity 

poses a significant barrier to plant growth and physiology there [48]. 

There are acid soils (pH 5.5 or lower) all over the world, making up about 30% of the 

planet's land area. Soil acidification is an organic process that primarily affects tropical and 

subtropical areas. The rate of soil acidification is being accelerated by several anthropogenic 

and/or natural inputs [49]. Acidic precipitation (H+ ions in precipitation), input of acidifying 

gases or particles (e.g., SO2 and NO3), contribution of nitric and hydrochloric acids from the 
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atmosphere, application of elemental sulfur (S), ammonium-based fertilizer (NH4+), nutrient 

uptake by leguminous crops, and mineralization of organic matter are some of the major causes 

of soil acidification on agricultural land [50]. Root apices are crucial in the response to Al 

toxicity because Al can be taken up as Al3+ by an active process [46]. Previous study [51] noted 

that although significant amounts of Al ions efficiently enter the root symplas, they may later 

affect the cytosolic side of the membrane's growth. Inhibition of root growth in plants is one of 

the main effects and one of the most obvious symptoms of Al toxicity [52]. Excess Al promotes 

the growth of swollen root apices and inhibits root cell division and elongation as well as the 

formation of root hair. Al ion toxicity levels prevent plants from absorbing water and nutrients 

[49]. According to several studies, toxic Al3+ ions affect the levels of nutrients like N, K, Ca, 

Mg, and P as well as the rate of photosynthetic rate (PN), stomatal conductance (gs), and leaf 

transpiration (E) in plants. Al has also been linked to other phytotoxic effects in various cellular 

organelles, including the inhibition of mitochondrial respiration and the disruption of free 

cytosolic Ca2+ callose deposition at plasmodesmata. 

3.8. Seasonal variation in cation exchange capacity. 

In Figure 9, Cation Exchange Capacity at the four sampled sites showed general increase during 

the dry season, except at Ekosodin at the 0‒15 cm depth and mechanical workshop at 0‒15 cm 

depth, reaching a peak at the University of Benin farm at 0-15 cm depth. Significant seasonal 

changes in the CEC of the study area's soils at 0.05, d = 0.019.  The cation Exchange Capacity 

is influenced by the pH level, and according to [52], a higher concentration of H+ (lower pH) 

neutralizes the negative charge on colloids, resulting in a lower CEC.  [28] also found that the 

organic carbon content has a significant impact on CEC. 

 
Figure 9. Seasonal variations in Cation Exchange Capacity (CEC). 

To understand the relationships that exist among soil characteristics, the Pearson product 

moment statistics was used, and results presented in Table 1. From the table, positive 

relationship was observed between pH and C, OM, P and CEC. This means that any increase 

in pH of soil was matched with corresponding increase in values of C, OM P and CEC. 

Negative relation on the other hand was observed between pH and EC, Mg, Al3+, which suggest 

that any increase in pH was matched with corresponding decrease in EC, mg, Al3+. 

Positive relationship was recorded between EC, N, Na and ECEC while the relationship 

was negative between EC, C and OM. The only parameters that correlated well with C are OM 

and CEC. N corrected very well with P, Ca, mg while negative with OM, K and Al3+. OM and 

ECEC corrected positive with correction coefficient of 0.79. P corrected positively with Ca, 
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Na, the relationship was however negative with H+ and Al3+. Ca only corrected positively with 

Na, while there was no positive relationship between mg and other soil variables. There was a 

strong relationship between Na and K as well as between H+, CEC and Al3+. Farming in the 

study area had both positive and negative effects in the study area, this is because of the 

different practices and techniques adopted. Biodiversity, soil pH, Nutrient depletion, soil 

organic maters were all affected by farming. Some of the waste disposal sites where proper 

management structures were not in place soil notable effects seen includes soil pollution, 

nutrient imbalance, and propensity for leachate contamination of groundwater leading to 

groundwater poisoning. Mechanic workshops at the locations had poor waste materials 

handling/management techniques especially disposal of spent oil and condemned vehicular 

parts. Soil pH and microbial imbalance, habitat disruption and hazardous materials were 

highest at these locations.  

Table 1. Inter-correlation between soil physico-chemical variables. 

 pH EC C N OM P Ca Mg Na K Al3+ 

pH 1           

EC -0.16 1          

C 0.85 -0.63 1         

N 0.26 0.853 -0.18 1        

OM 0.89 -0.56 0.99 -0.089 1       

P 0.56 0.72 0.056 0.87 0.13 1      

Ca 0.82 0.40 0.41 0.67 0.47 0.92 1     

mg -0.017 0.36 -0.073 0.62 -0.01 0.18 0.05 1    

Na 0.18 0.59 -0.26 0.38 -0.24 0.70 0.60 -0.47 1   

K 0.19 0.17 -0.066 -0.060 -0.08 0.38 0.41 -0.82 0.89 1  

Al3+ -0.95 0.063 -0.73 -0.25 -0.76 -0.64 -0.88 0.24 -0.44 -0.47 1 

 

4. Conclusion and recommendations  

The soil system (soil ecosystem) supports and performs several environmental services and 

functions. However, the use to which soil resources are put is currently under threat from 

anthropogenic practices. The main factor deteriorating soil quality is human activity. Soil 

quality is impacted by both large and small industrial operations, agriculture, mine waste 

discharges, and intentional and unintentional pollution incidents. This study looked at the 

effects of various land use types on a few selected soil characteristics. The findings 

demonstrated that the studied land use types significantly influenced the general soil 

characteristics. The soil from the mechanical workshop and the neighborhood of Ekosodin 

suffered the most damage. Planning for land use and soil conservation must address the 

observed impacts. However, farming practices like cover cropping, crop rotation, organic 

matter incorporation, reduced tillage, and precision agricultural techniques can help reduce 

environmental risks. Proper waste disposal management, including recycling, composting, and 

responsible disposal of hazardous materials, is essential. Regulation and enforcement, as well 

as sustainable waste management, should be prioritized. Responsible practices, including 

hazardous waste management, implementing eco-friendly practices, and routine monitoring, 

should be adopted to prevent further negative impacts.   
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