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Abstract 

Soil quality can be assessed by measuring soil properties, otherwise known as soil indicators. This study assessed 

soil quality in selected sites at Malete, Moro Local Government area of Kwara state, by evaluating its physical and 

chemical properties. Soil samples were collected from farmland and forestland sites in Malete, Kwara State. 

Physical and chemical properties, including pH, nitrogen, potassium, sodium, magnesium, phosphorus, organic 

carbon, organic matter, water holding capacity, cation exchange capacity, soil porosity, and bulk density, were 

determined using standard procedures and methodologies. A t-test was used to analyze significant differences 

(p<0.05) between the two locations. The results showed that forestland soils had a neutral pH (7.09), while farmland 

soils were slightly acidic (pH 6.93). Farmland had higher nitrogen (0.27%), potassium (1.22 mg/kg), and sodium 

(0.26 mg/kg) compared to forestland soils, although these differences were not significant. Forestland soils had 

significantly higher magnesium (2.14 mg/kg), available phosphorus (29.52 mg/kg), and cation exchange capacity 

(5.78). Farmland soils exhibited significantly higher total organic carbon (2.70 mg/kg), organic matter (4.66 mg/kg), 

and water-holding capacity. Forestland soils had higher porosity (68.15%) and bulk density (2.52 g/cm³) than 

farmland. The results highlight key differences in soil properties between forestland and farmland. Forestland soil is 

generally healthier than farmland soil, with better pH, magnesium, phosphorus, and Cation Exchange Capacity, 

which promote fertility and plant growth. However, farmland soil shows higher nitrogen, potassium, and sodium 

levels, beneficial for short-term crop productivity. 
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Introduction 

 

Soil quality is a key component of sustainable land management which directly impacts land use, agricultural 

production, and environmental health (Lobmaanet al., 2022). Creating sustainable land management (SLM) 

strategies that work requires an accurate assessment of soil quality, especially in areas with a variety of land uses 

(van der Laan et al., 2023). Unsustainable agricultural methods and land degradation have prompted worries about 

the health of the soil and long-term land production in various parts of Nigeria including Malete, in Moro Local 

Government Area of Kwara State, Nigeria (Auwaluet al., 2022). Tahatet al. (2020) focused on how keeping healthy 

soil is essential for long-term agricultural sustainability and how soil deterioration lowers production and ecosystem 

services. In this regard, markers of soil quality, including pH, organic matter content, availability of nutrients, and 

soil structure, are crucial for assessing soil health and directing sustainable management techniques. The use of soil 

quality tests in different parts of Nigeria to promote sustainable agriculture has been the subject of recent research. 

For example, a thorough evaluation of soil fertility in Kwara State, Nigeria, byTajudeenet al. (2017) revealed 

notable differences in soil quality among various land use types. Their results highlight the necessity of site-specific 

management strategies to improve crop performance and solve problems with soil fertility. Kianguebene-

Koussingouninaet al. (2022) also investigated soil quality evaluation in Ibadan southwest Nigeria, identifying 

environmental elements and land use practices as major determinants of soil health. Their study emphasizes how 
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crucial it is to incorporate studies of soil quality into land management plans to slow down land degradation and 

advance sustainable agriculture. 

 
Although a great deal of study has been done on the evaluation of soil quality in different parts of Nigeria, there is a 

notable lack of information in the literature about in-depth studies that are location-specific in Malete, Moro Local 

Government Area, Kwara State. Previous research, such as that done by Tajudeenet al. (2017) has concentrated on 

more general evaluations of soil fertility in Irepodun Local Government of Kwara State rather than offering 

thorough assessments that are specific to the particular environmental circumstances and land use patterns in Malete. 

In a similar vein, research by Kianguebene-Koussingouninaet al. (2022)has emphasized the significance of soil 

quality assessments in Ibadan southwest Nigeria, but it does not address the unique difficulties that soils in the 

Malete area, where land use changes and agricultural growth are happening quickly, face. Due to variations in land 

use, geography, and management techniques, soil parameters can change dramatically over short distances, making 

this gap in location-specific data crucial. The absence of comprehensive evaluations of Malete's soil quality hinders 

the development of focused sustainable land management (SLM) plans, which are essential for preserving the 

region's agricultural output and soil health. Research on soil quality in Malete will provide the required information 

to direct efficient SLM procedures and encouragelong-term environmental sustainability of the area. This study 

assessed the quality of the soil at some selected Malete sites to improve land degradation mitigation, sustainably 

manage land, and encourage sustainable agricultural development in the area. 

 

Materials and Methods 

 
Study site selection 

 
The study was conducted in Malete, Moro Local Government Area, Kwara State, located at 4° 28' 0" E longitude 

and 8° 41' 59" N latitude. The area experiences two seasons: rainy and dry, with temperatures ranging from 22°C to 

33°C, an average of 28°C, 51.6 mm of precipitation, and 60% annual humidity (Weather by CustomWeather, © 

2024). Forestland and farmland were selected for the study.  Crops like corn, yams, peppers, tomatoes, and 

vegetables have been continuously cultivated for five years on the farmland. The forestland remains relatively 

undisturbed. Four transects were established at the cardinal points (west, east, south, and north) with eight 

representative profiles selected—two in each direction (Abua and Ajake, 2013). 

 

Soil sample collection and preparation 

 
Soil samples were collected with a soil auger, at a depth of 0–20 cm, air-dried for seven days, crushed to separate 

larger debris, and sieved through a 2mm sieve. The processed samples were then packed, labeled, and prepared for 

various analyses, including pH, total nitrogen, available phosphorus, organic carbon, cation exchange capacity, and 

other physical and chemical properties. 

 

Determination of Physicochemical parameters 

 
The soil pH was determined using a glass electrode pH meter (Kalraet al., 1995). Determination of nitrogen was 

done according to the procedure of Bremner, 1960 using the Micro Kjeldahl Method. Soil of 2g was weighed into a 

Kjeldahl flask, 0.5g of CuSO4·7H2O, and 10g of Na2SO4 were added. Then, 25cm³ of concentrated sulphuric acid 

was poured in. The flask was heated gently for 15 minutes, then vigorously for 45 minutes, until the mixture turned 

a brilliant green. After cooling, the digested sample was transferred to a 250ml volumetric flask and diluted with 

distilled water. For distillation, 5 ml of the digested sample was mixed with 5 ml of 40% NaOH. Ammonia was 

released and collected into 2% boric acid, turning the indicator from blue to green. Another 2g of air-dried sample 

was weighed into a 250ml conical flask for the determination of organic matter, and total carbon using the Walkey 

Black Wet Oxidation Method (1947). About 10 ml of potassium dichromate solution was added, swirled, and then 
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sulphuric acid was rapidly mixed in. After 30 minutes, 100ml of distilled water and 3 drops of ferroin indicator were 

added. The solution was titrated with iron sulphate until the color changed from green to maroon. Organic matter, 

and total carbon were calculated, and sodium and potassium were determined using a flame photometer. Soil 

particle size was determined according to the method described by Bouyoucos, 1927. About 50g of air-dried, sieved 

soil sample was weighed into a 250 ml conical flask, and 4 ml of 40% NaOH was added. After adding 50ml of 

water, the mixtures were stirred for 2-5 minutes using a magnetic stirrer. The mixture was transferred to a 1-liter 

measuring cylinder, and a soil hydrometer was inserted, and then removed after agitation. Hydrometer readings and 

temperatures were recorded at 40 seconds and again after 2 hours. The following calculations were further adopted: 

Calculations: 

 

% silt +clay = 
40sec corrected hydrometer reading

weight of sample
× 100 

 

% clay =  
2hrs corrected hydrometer reading

weight of sample
× 100 

 
% sand =100 – (% silt + percentage clay). 

 
In addition, water holding capacity was determined according to the method described by Herawatiet al. (2021). 

Upon arrival at the laboratory, soil samples were air-dried to a consistent moisture content to establish a baseline for 

water-holding capacity measurements. The dried samples were sieved for uniformity, and a known quantity was 

measured into a 250 ml conical flask. Water was added gradually and the mixture was allowed to equilibrate before 

draining excess water. The soil's weight after saturation represented its water-holding capacity, expressed as a 

percentage of the soil mass, indicating the maximum water retention against gravity.  Mw = Mt – Ms. Where Mw is 

the mass of water in grams, Mt is the total mass of the container and wet soil in grams, Ms is the total mass of the 

container and dry soil in grams. It is worth noting that the mass of water in grams is equivalent to its volume in 

milliliters. Thus, Vw = Mw. Therefore, the percentage of Water Holding Capacity (WHC%) = (Vw/Vt) * 100, 

where Vw is the volume of water, and Vt is the total volume of saturated soil. Available phosphorous was 

determined by the method of Bray et al. (1957) with little modifications. About 5g of air-dried soil samples were 

weighed into sample bottles. 35ml of extracting solution (1N ammonium fluoride and 0.5ml hydrogen chloride) was 

added, and the mixtures were shaken for 5 minutesand then filtered using the Whatman No. 42 filter paper. 5ml of 

the extract was pipetted, and 5ml of development solution was added. The contents were made up to 50 in a 

volumetric flask with distilled water and left for 30 minutes. Absorbance was measured at 660nm using a 

spectrophotometer, and the procedure was repeated for a blank without soil. Other physical and chemical parameters 

were analyzed with standard procedures and methodologies 

 
Statistical Analysis 

 
The differences in soil physicochemical properties by habitat were examined by providing summary statistics 

between the habitats and presented in graphs using the ggplot function in R. A t-test was conducted to ascertain if 

these differences were significant at p<0.05. All statistical analyses and graphing were performed in R version 4.3.0. 

 

Results and Discussions 

 
Physical and chemical properties of the soil 

 
Soil pH 

 
The differences in the physical and chemical properties between the two locations (farmland and forest) are 

presented in Figures 1 to 5 while Table 1 further shows the t-test results and the p-values for the data obtained 



INTERNATIONAL JOURNAL OF ADVANCED RESEARCH                                                                     VOL. 4 (1), JUNE, 2024 
IN MULTIDISCIPLINARY STUDIES (IJARMS)                                                                                                 ISSN 2756-4444 
                                                                                                                                                                          E-ISSN 2756-4452 

 

   538 

 

 

(IJARMS) 

 

during the research. A highly significant (p<0.05) pH value of 7.09 was observed in forestland (Table 1), indicating 

neutral soils compared to farmland with a pH value of 6.93 indicating slightly acidic soils. Similar results were 

reported by Juguldeet al. (2020) during the assessment of soil fertility status in Bali Local Government, Taraba State 

Nigeria. Meanwhile, Ojha and Chaudhary (2017) observed different results with their research on soil quality 

assessment posed by industrial effluents in BansbariIndustrial Area of Morang District, Nepal, India where an 

alkaline pH range of 7.75 - 8.32 was observed. Given that macronutrients like potassium, phosphorus, and nitrogen 

are more soluble at neutral pH levels, neutral soils in the forest may promote more nutrient availability (Jackson and 

Meetei, 2018). Conversely, the somewhat acidic soils found in farmland may restrict the availability of certain 

nutrients, particularly phosphorus, which could impact plant development and yield (Yadafet al., 2020). The soil's 

pH significantly influences the microbial community's structure and activity. The microbial community in forest 

soils is probably more varied and active when the pH is neutral, which willpromote nutrient cycling and the 

breakdown of soil organic matter. Microbial diversity may be decreased in farmed soils that are somewhat acidic, 

which could slow down these processes and affect soil fertility. Neutral pH in forest soils is frequently linked to 

increased levels of organic carbon, which increases carbon sequestration. This may have important implications for 

mitigating climate change (Sun et al., 2023). However, agricultural soils of slightly acidic pH may lessen their 

ability to retain carbon, particularly if agricultural practices do not encourage the preservation of soil organic matter 

(Cortijos-Lópezet al., 2023). 

 

Table 1: Physical and Chemical properties of Soils in Farmland and Forest  

Variable  t-statistic Farmland Forest p value 

pH − 2.50 6.93 7.09 0.03* 

Total Nitrogen (%) 1.53 0.27 0.19 0.16 

Titratable Acidity −0.18 0.23 0.24 0.86 

Available P (mg/kg) −1.54 19.94 29.52 0.16 

Total Organic Carbon (%) 2.19 2.70 2.15 0.04* 

Organic Matter (%) 2.19 4.66 3.72 0.04* 

Potassium (mg/kg) 1.01 1.22 1.15 0.32 

Sodium (mg/kg) 1.78 0.26 0.22 0.09 

Calcium (mg/kg) −8.96 1.31 2.042 < 0.001* 

Magnesium (mg/kg) −0.69 1.98 2.14 0.50 

CEC (cmol/kg) −2.58 5.01 5.78 0.02* 

ECEC(cmol/kg) 0.07 4.78 4.75 0.95 

Bulk Density(g/cm3 ) −2.36 2.43 2.52 0.03* 

Electrical Conductivity −1.03 22.99 24.73 0.32 

Water Holding Capacity 3.56 2.06 1.95 0.002* 

Moisture Content 1.47 9.73 8.45 0.17 

Soil Porosity −2.24 65.78 68.15 0.04* 

Silt −12.52 19.33 24.96 <0.001* 

Clay 1.32 32.21 31.62 0.20 

Sand 5.52 48.06 43.42 <0.001* 

*Significant at p<0.05 

 

Cation exchange capacity (CEC) and Effective Cation Exchange Capacity (ECEC) 

 
High cation exchange capacity (CEC) was observed for farmland (5.01mg/kg) and forestland (5.78mg/kg) (Figure 

1). This suggests that high CEC in soils can retain vital elements for plant uptake, such as calcium (Ca²⁺), 

magnesium (Mg²⁺), potassium (K⁺), and ammonium (NH₄⁺), The results of ECEC in the farmland (4.78) and 

forestland (4.75) were similar to the one reported by Affinnihet al. (2014) in their ‘methods of available potassium 
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assessment in selected soils of Kwara state, Nigeria’, particularly in Omuaran (5.27). The balance of exchangeable 

cations Ca, Mg, and K as well as the soil's cation exchange capacity (CEC) are important determinants of plant 

growth and development (Yang et al., 2023).  
 

Figure1: Differences in (a) pH (b) Titratable Acidity (c) Cation Exchange Capacity (d) Effective Cation Exchange 

Capacity of Farmland and Forest 

 

Nitrogen, Potassium and Sodium 

 
Farmland had higher Total Nitrogen (0.27%), Potassium (1.01mg/kg), and Sodium (1.78mg/kg) values compared to 

forestland soils with 0.19%, 1.15 mg/kg, and 0.22 mg/kg respectively, even though these differences are not 

significantly different (Table 1) and (Figure 2). This indicates that both land uses have similar and appropriate 

nitrogen levels, critical for plant growth (Singh et al., 2022). However, the higher mean value in farmland might 

reflect the application of nitrogen-based fertilizers (Walling et al., 2019). These results align with that of Minh et al. 

(2023) in their study on clustering analysis of soil environmental quality for perennial crop recommendations in 

Vinh Long Provincein VietnamAn excessively high total N concentration will cause pollution and soil hardness, 

whilst an inadequate total N level will decrease soil fertility (Ma et al., 2022).  

 
Furthermore, the reason for higher potassium observed in farmland soils could be because the distribution of 

potassium in various soil types can be explained by the differences in the soil's ability to fix and release potassium, 

which is controlled by cropping strategies and fertilizer use patterns. In Malete, the farmers engage more in the use 

of fertilizers formulated with nitrogen (N), phosphorus (P), and Potassium (K) perhaps this could be an added 

advantage concerning potassium. This result contradicts the one reported by Affinnihet al. (2014) where different 

methods were used in the determination of available potassium in selected soils of Kwara state, Nigeria. For the 

majority of crops in Nigeria, the critical K-level recommendation ranged from 0.21 to 0.30 cmol kg−1 (FFD, 2011). 

The results in this research are below the permissible level for healthy soil in Nigeria. Soils with exchangeable K 

less than 0.13 cmol kg−1 have been classified as being poor in K, and those that contained K range of between 0.21-

0.30cmol kg−1 are moderately endowed while those above 0.30 are classified as adequate (FFD, 2011) 

 
Titratable Acidity 

 
Titratable acidity was not significantly different between the two habitats (Table 1). Notwithstanding the observed 

variations in the values, statistical analysis reveals that the differences are not statistically significant, suggesting that 

the observed variances may result from random variation rather than a substantial ecological difference.This could 

imply that the acid-neutralizing capacity of the soils in both land types is comparable and decent, this could imply a 

balanced soil buffering capacity in both environments (Luet al.,2021). Titratable acidity in soils typically ranges 

from 0.2 to 1.5 mg/kg (Sastreet al., 2018; Ferreira et al., 2020) while in agricultural soils, titratable acidity is usually 
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between 0.2 to 1.2 mg/kg according to Lu et al. (2021). Hence titratable acidity is always influenced by factors such 

as crop type, fertilization, and soil management practices. 
 

 
Figure 2: Differences in (a) Total Nitrogen (b) Available Phosphorus (c) Total Organic Carbon (d) Organic Matter 

of Farmland and Forest 

 

Magnesium and phosphorus 

 

Higher values of Magnesium (2.14 mg/kg) and Available phosphorus (29.52 mg/kg) were observed in forest soils 

compared to farmland with 1.98 mg/kg and 19.94 mg/kg respectively (Table 1).  Adegbiteet al. (2020) also reported 

high values of magnesium and phosphorous in their study on the baseline fertility status of a gravelly Alfisol in a 

derived savannah agroecological zone of Nigeria. 

 
Organic Carbon and Organic Matter 

 
Both total organic carbon and organic matter were significantly higher in farmland (2.70% and 4.66%, respectively) 

compared to Forestland (2.15% and 3.72%, respectively). This could be attributed to the incorporation of organic 

fertilizers and crop residues in farmland, enhancing soil organic content. (Liu et al., 2015). Both lands are very rich 

in organic carbon as per the organic carbon fertility map for Nigeria (Ojuola, 2015).To increase the amount of 

organic matter in the soil, fertilizers are typically used. Humic acid fertilizers or organic fertilizers with a high 

percentage of organic materials are recommended (Yang et al., 2023). 

 
Water holding capacity and soil composition 

 
The same trend was observed with water holding capacity with farmland having higher water holding capacity. The 

basic soil texture observed in this study was in the order of sand, clay, and silt (Table 1). Farmland soil had a higher 

composition of sand (48.60%), clay (32.21%), and silt (19.33%) compared to forestland with 43.42%, 31.62%, and 

24.96% respectively (Fig 5). These results differ from the one reported by Ojha and Chaudhary (2017), 

wherepercentage. The result of this research on the textural component of both soil types by percentage differs 

greatly from that of Adegbiteet al. (2020) where a very high percentage of sand (78.10-87.1%), clay (4.30-8.30%) 

and silt (8.60-15.60%) were recorded from baseline fertility status of a gravelly Alfisol in a derived savannah agro-

ecological zone of Nigeria. 
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Figure 3: Differences in (a) Potassium (b) Sodium (c) Calcium (d) Magnesium of Farmland and Forest 

 

Lower values of calcium (1.31 cmol kg−1) were obtained in farmland compared to forestland (2.04 cmol kg−1). A 

similar trend was observed with magnesium (1.98cmol kg−1 in farmland and 2.14 cmol kg−1 in forestland). These 

two results for this research conform with that of both Ayodele and Omotosho (2008) and Adegbiteet al. (2019) who 

discovered that the two most common elements in savannah soils are Ca and Mg, Maletebeing in the Northern 

savanna zone of Nigeria. Calcium and magnesium are the most prevalent cations in the soil of the research area 

(savannah soils); it was suggested that these two variables would fluctuate more than potassium in this investigation 

as posited by Adegbiteet al. (2020). 

 

Bulk Density and Soil Porosity 

 
Bulk density was significantly lower in farmland (2.43 g/cm3) compared to Forestland (2.52 g/cm3) (Figure 4), 

indicating soils are more compact compared to farmland, which could be attributed to the undisturbed natureof the 

forest (Obalumet al., 2017). This disagrees with recent studies by Ouyang et al. (2020) who stated that bulk density 

values for soils generally range from 1.0 to 1.5 g/cm³. Zhou et al. (2019) also stated that agricultural soils have bulk 

densities ranging from 1.2 to 1.8 g/cm³. Soil porosity was also greater in forest (68.15%) compared to farmland 

(65.78%) (Figure 5). 
 

 
Figure 4: Differences in (a) Bulk Density (b) Electrical Conductivity (c) Water Holding Capacity (d) Moisture 

Content of Farmland and Forest 
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Figure 5: Differences in (a) Soil Porosity (b) Silt (c) Clay (d) Sand of Farmland and Forest 

 

Conclusion 

 
The following soil health indicators were identified in this research: pH, Nitrogen, Potassium, Sodium, Titratable 

acidity, Magnesium, Available phosphorus, Magnesium, Available phosphorus, Total organic carbon, Organic 

matter, Water holding capacity, Cation exchange capacity, Soil porosity and bulk density. In comparing forestland 

soil with farmland soil, forestland soil seems to be generally healthier, according to the soil health indices discussed 

earlier in this research. Generally, in this research, a neutral pHwas seen in the forestland soil which is preferable to 

a slightly acidic pHrecorded in farmland soil for the growth of a wide variety of plants. Higher values of magnesium 

and available phosphorus, both of which are necessary for the growth and development of plants wereobserved in 

the forestland. Organic carbon and organic matter content were also high, improving soil structure and nutrient 

availability. As a result of its better physical qualities, higher nutrient retention, and balanced pH, forestland soil is 

generally healthier for long-term ecological sustainability than farmland soil, even though farmland soil has 

advantages for agricultural productivity. 

 

Recommendations 

 
Based on the findings, it is recommended: 
 

1. to adopt sustainable land management practices in farmland to enhance long-term soil health. These include the 

use of organic fertilizers to improve soil organic matter, pH management strategies such as lime application to 

reduce acidity, and crop rotation to balance nutrient uptake.  

2. Enhancing soil structure through reduced tillage and increasing magnesium and phosphorus content with 

targeted fertilization will promote soil fertility.  

3. Forestland soil should be conserved to maintain its ecological benefits, while controlled farming techniques 

should be implemented to prevent degradation. 
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