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Abstract
This study assessed the impacts of different land use types on soil fertility and carbon storage in Anyigba, Kogi State, Nigeria. The specific objectives were to evaluate the physical and chemical properties of soils under cultivated, forest, and grassland uses, and to assess their impact on soil fertility and carbon storage. Soil samples were collected from depths of 0-15 cm and 15-30 cm across the three land use types. Standard laboratory procedures were used to analyze the soil's physical (particle size) and chemical (pH, Organic Carbon (OC), Total Nitrogen (TN), Available Phosphorus (P), and Effective Cation Exchange Capacity (ECEC)) properties, and the data were subjected to Analysis of Variance (ANOVA). Results showed that all soils had a Loamy Sand texture, but physical conditions varied; forest topsoil had the most favorable structure with the lowest bulk density and porosity (1.16 g/cm³, 56%), while the cultivated land showed high compaction (1.42 g/cm³, 46%). Chemical properties varied significantly. Chemical analysis revealed that the forest topsoil was significantly richer in nutrients and carbon, containing the highest OC (2.36%) and total nitrogen (0.16%), which was significantly higher than the levels in the cultivated land's subsoil (OC 0.64%, TN 0.04%). This trend directly influenced the soil's nutrient-holding capacity, with the forest soil recording a higher ECEC (11.47 Cmol/kg) compared to the cultivated soil (9.06 Cmol/kg). The findings established a clear degradation gradient of Forest > Grassland > Cultivated for key fertility indicators and carbon storage potential. The study concluded that land use is the primary determinant of soil fertility and carbon storage in the area, with continuous cultivation leading to significant soil degradation. Therefore, it is recommended that integrated soil fertility management practices, including the use of organic amendments and conservation agriculture, be adopted on cultivated lands to restore soil health and enhance carbon sequestration.
Introduction
Soil fertility and carbon storage are critical components of sustainable land management and environmental conservation. Soil fertility refers to the ability of soil to provide essential nutrients to plants, supporting their growth and productivity. It is influenced by factors such as organic matter content, nutrient availability, soil structure, and microbial activity (Lal, 2020). Carbon storage, on the other hand, pertains to the capacity of soil to sequester carbon dioxide from the atmosphere, thereby mitigating climate change. Soils are among the largest terrestrial carbon sinks, storing approximately 2,500 gigatons of carbon globally, which is three times more than the amount stored in the atmosphere (FAO, 2002). The interplay between soil fertility and carbon storage is vital for maintaining ecosystem health, agricultural productivity, and climate resilience.
Land use types, such as forests, grasslands, croplands, and urban areas, significantly influence soil fertility and carbon storage dynamics. For instance, forests are known to have high carbon sequestration potential due to their dense vegetation and organic matter accumulation, while agricultural lands often experience reduced soil fertility and carbon stocks due to intensive farming practices (Smith et al., 2021). In Nigeria, land use changes driven by population growth, urbanization, and agricultural expansion have led to significant alterations in soil properties. Studies have shown that deforestation and continuous cropping without adequate soil management practices have resulted in soil degradation, loss of organic matter, and reduced carbon storage capacity (Amusan, et al., 2019). Understanding how different land use types affect soil fertility and carbon storage is therefore essential for developing sustainable land management strategies.
The concept of soil carbon storage is closely linked to soil health and climate change mitigation. Carbon stored in soil is primarily in the form of organic carbon, which is derived from plant and animal residues, and inorganic carbon, which is found in mineral forms. In Nigeria, the potential for soil carbon sequestration is significant, given the country's vast agricultural lands and diverse ecosystems. However, this potential remains largely untapped due to limited awareness and inadequate implementation of sustainable land management practices (Obalum, et al., 2020). Organic carbon is particularly important for soil fertility, as it enhances nutrient availability, water retention, and microbial activity (Wang et al., 2021). Rapid urbanization and agricultural intensification have led to significant land use changes, with implications for soil health and carbon storage. Studies have shown that soils under urban and peri-urban agriculture often have lower fertility and carbon stocks compared to those under natural vegetation (Aina,  2023). Soil Degradation, loss of fertility and decrease carbon storage are significant concerns in many parts of the world including Nigeria. The conversion of natural ecosystems to agricultural lands and other human dominated landscapes has led to soil erosion, nutrient depletion and reduced carbon sequestration. Addressing these challenges requires a comprehensive understanding of how different land use types influence soil fertility and carbon storage, which is the focus of this study.
This research assess some physical and chemical properties of the different land use, evaluate the impact of different land use on soil fertility, evaluate carbon stock of the different land use, compare the carbon stock of the different land use system using ANOVA and evaluate the relationship between the soil properties of the different land use
[bookmark: _Toc208070333][bookmark: _Toc208070334]MATERIALS AND METHOD
Description of the Study Area
The study was conducted in Anyigba, a town located in Dekina Local Government Area of Kogi State, Nigeria. Geographically, Anyigba lies between latitudes 7°29' N and 7°31' N and longitudes 7°10' E and 7°12' E, with an elevation of approximately 400 meters above sea level (Ifatimehin and Ufuah, 2006). The town is situated in the North Central region of Nigeria, an area known for its agricultural productivity and diverse ecosystems. Anyigba has a population of approximately 150,000 people, with a growth rate of 3.2% per annum, driven by its status as a hub for education and commerce due to the presence of Kogi State University (National Population Commission, 2006). The climate of Anyigba is characterized by a tropical wet-and-dry pattern, with an average annual rainfall of 1,200 mm and temperatures ranging between 25°C and 35°C (Ahmakhian, 2012). The vegetation is predominantly Guinea savanna, featuring a mix of grasses, shrubs, and scattered trees, which supports both agricultural and pastoral activities. The area’s climatic and vegetative conditions make it suitable for studying the effects of land use on soil fertility and carbon storage, as it represents a typical agro-ecological zone in Nigeria.
[bookmark: _Toc208070335]Land use Considered	
List 1 : The study focused on three distinct land use types, each representing common land management practices in the region
	S/N
	Land Description                                  Hectare
	Code

	i
	Continuously Cultivated Land                  `2ha
	CCL

	ii
	Forested Land                                             2ha
	FL

	iii
	Grassland                                                    2ha
	GL
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Sample Collection
Soil samples were collected from each land use type with soil auger using a systematic sampling approach. Composite samples (disturbed samples) and core samples (undisturbed samples) were taken at two depth (0-15 and 15-30) making a total of 6 samples each for disturbed and undisturbed samples. The samples were preserved in a well labeled cellophane bags and core samplers. The samples were transported to the laboratory, air dried and gently crushed.  Materials greater than 2mm were removed with a 2mm sieve. Soil materials less than 2mm were used for laboratory analysis.
[bookmark: _Toc208070337][bookmark: _Toc208070338]Laboratory Analysis	
Particle Size Distribution
Particle size distribution (PSD) was determined using the hydrometer method, as described by Gee and Bauder (1986). This method involves dispersing soil particles in water and measuring the settling rate of different particle sizes (sand, silt, and clay) using a hydrometer. The results were expressed as percentages of sand, silt, and clay, which helped classify the soil texture according to the USDA soil texture triangle (Soil Survey Staff, 2014).
pH
Soil pH is a critical parameter that influences nutrient availability and microbial activity. It was measured using a glass electrode pH meter (McLean, 1982). A soil-water suspension (1:2.5 ratio) was prepared, and the pH was recorded after calibration of the pH meter with standard buffer solutions (pH 4.0, 7.0, and 9.0).
Organic Carbon
Soil organic carbon (SOC) is a key indicator of soil fertility and plays a vital role in nutrient cycling. The Walkley-Black method (Walkley and Black, 1934) will be used to determine SOC. This method involves the oxidation of organic carbon with potassium dichromate (K₂Cr₂O₇) in the presence of sulfuric acid (H₂SO₄), followed by titration with ferrous ammonium sulfate (Fe(NH₄)₂(SO₄)₂·6H₂O) to determine the amount of unreacted dichromate.
Total Nitrogen
Total nitrogen (TN) is an essential nutrient for plant growth and was determined using the Kjeldahl method (Bremner and Mulvaney, 1982). This method involves digesting the soil sample with concentrated sulfuric acid to convert organic nitrogen into ammonium sulfate, followed by distillation and titration to quantify the nitrogen content.
Available Phosphorus
Available phosphorus (P) is crucial for plant energy transfer and was measured using the Bray-1 method (Bray and Kurtz, 1945). This method involves extracting phosphorus from the soil using a dilute acid-fluoride solution, followed by colorimetric determination using a spectrophotometer at a wavelength of 880 nm.
Exchangeable Bases (Ca, Mg, K, Na)
Exchangeable bases, including calcium (Ca), magnesium (Mg), potassium (K), and sodium (Na), are essential for plant nutrition and soil fertility. These cations were extracted using ammonium acetate (NH₄OAc) at pH 7.0 (Thomas, 1982). The concentrations of Ca and Mg will be determined using atomic absorption spectrophotometer (AAS), while K and Na will be measured using flame photometry.
Exchangeable Acidity (Al, H) 
Exchangeable acidity, which includes aluminum (Al) and hydrogen (H) ions, can affect soil pH and nutrient availability. It was determined by extracting the soil with potassium chloride (KCl) and titrating the extract with sodium hydroxide (NaOH) (McLean, 1982).
Cation Exchange Capacity (CEC)
Cation exchange capacity (CEC) is a measure of the soil's ability to hold and exchange cations, which is crucial for nutrient retention and availability. CEC was calculated as the sum of exchangeable bases (Ca, Mg, K, Na) and exchangeable acidity (Al, H) (Sumner and Miller, 1996).
[bookmark: _Toc208070340]Statistical Analysis
The data collected was subjected to descriptive statistics and analysis of Variance (ANOVA) using SPSS, 2014 version. Analysis of variance (ANOVA) was performed to determine significant differences among the fertility of the different land uses at 0.0 level of significance and  means are separated using least square difference (LSD).
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RESULTS AND DISCUSSION
Physical properties: The results of some physical properties examined under different land use types in Anyigba are presented in Table Table, 1.
Particle size distribution showed that the sand fraction was overwhelmingly dominant in all soil samples. In the continuously cultivated land, the sand content was 825.63 gkg⁻¹ at the topsoil (0-15 cm) and remained similarly high at 824.3 gkg⁻¹ at the subsoil (15-30 cm). The forest land exhibited slightly higher sand content, measuring 825.97 gkg⁻¹ at the 0-15 cm depth and increasing marginally to 827.3 gkg⁻¹ at the 15-30 cm depth, which was the highest sand value recorded in all the land uses considered, Similarly, the grassland soils were composed of 823.3 gkg⁻¹ sand at the top soil and 826.6 gkg⁻¹ at the subsoil layer. There is no significant difference between all the particle distributions of the land use types at the two depths this agrees with findings of (Aina, et al., 2019), it was stated that sand content have higher values in the study area considered in Kogi State. This textural uniformity strongly suggests that a common parent material is the primary origin of these soils, a common characteristic in many Nigerian savanna ecosystems (Ikhile, 2016).
The clay content, while being the second most abundant fraction, was considerably lower than the sand content. For the continuously cultivated land, the clay fraction was 123.4 gkg⁻¹ at 0-15 cm and 123.73 gkg⁻¹ at 15-30 cm. The forest soils contained 121.73 gkg⁻¹ of clay in the topsoil and 122.73 gkg⁻¹ in the subsoil. The highest clay content was observed under grassland at the 0-15 cm depth, with a value of 125.4 gkg⁻¹, which then decreased to 123.73 gkg⁻¹ at the 15-30 cm depth. As with the sand fraction, these variations in clay content across the different land uses and depths were not found to be statistically significant. This lack of variation is expected, as land use changes typically have a minimal short-term impact on the clay fraction, especially in the subsoil (Guo and Gifford, 2020). The implication is that since the inherent clay content, a key driver of nutrient retention is uniformly low, any observed differences in fertility across the sites must be attributed to more dynamic soil properties, particularly soil organic matter (Ayodele, 2019).









[bookmark: _Toc209013652]Table 1: Physical Properties of Different Land Use Types in Anyigba, Kogi State
	Land Use Type
	SILT (gkg⁻¹)
	CLAY (gkg⁻¹)
	SAND (gkg⁻¹)
	BD (g/cm³)
	Porosity (%)
	Textural Class

	                                                                  0 – 15cm Depth

	CCL
	48.97 
	123.40 
	825.63
	1.42
	46.00
	Loamy Sand

	FL
	50.30 
	121.73
	825.97 
	1.16
	56.00
	Loamy Sand

	GL
	51.30 
	125.40
	823.30 
	1.18
	55.00
	Loamy Sand

	                                                                  15 – 30cm Depth

	CCL
	51.97 
	123.73 
	824.30
	1.37
	52.00
	Loamy Sand

	FL
	49.63 
	122.73
	827.30
	1.18
	53.00
	Loamy Sand

	GL
	50.43 
	123.73
	826.60
	1.25
	52.00
	Loamy Sand


Keys: CCL = Continuously cultivated land, FL = Forest land, GL = Grassland	
The silt fraction constituted the smallest portion of the soil mineral particles. In the continuously cultivated land, silt content was 48.97 gkg⁻¹ at the surface and increased slightly to 51.97 gkg⁻¹ at the subsurface. The forest soil had a silt content of 50.3 gkg⁻¹ in the topsoil and 49.63 gkg⁻¹ in the subsoil. Grassland soils showed silt content of 51.3 gkg⁻¹ at surface and 50.43 gkg⁻¹ at the subsoil. No significant differences was observed among. The stability of the silt fraction further supports the conclusion of a uniform parent material (Babalola et al., 2024). 
Based on the combination of these particle sizes, every soil sample from all three land use types and at both sampling depths was consistently classified with a textural class of Loamy Sand. This textural homogeneity has profound implications for the soil's functional properties. The high sand content suggests that the soils likely possess high infiltration rates and are well-aerated (Babalola, et al., 2024). However, this is counterbalanced by a low water-holding capacity, which can render the soils susceptible to drought conditions, particularly for shallow-rooted crops. Furthermore, the coarse texture implies a lower capacity for nutrient retention, as there are fewer clay particles to hold onto essential cations (Lal, 2020). 
The forest topsoil recorded the lowest bulk density at 1.16 g/cm³, which corresponded to the highest porosity of 56%. This suggests a well-aggregated soil structure with ample pore space, which is favorable for root penetration and water infiltration, a finding consistent with studies linking undisturbed forest ecosystems to high organic matter accumulation and robust soil structure (Sojobi and Oluwasemire, 2024). The grassland showed a slightly higher bulk density of 1.18 g/cm³ (55% porosity) in the topsoil, which increased to 1.25 g/cm³ (52% porosity) in the subsoil, indicating a degree of compaction at the lower depth. In contrast, the continuously cultivated topsoil exhibited the highest bulk density (1.42 g/cm³) and consequently the lowest porosity (46%). This finding directly implies that continuous tillage has led to significant soil compaction, which can restrict root growth, limit water infiltration, and increase the risk of erosion (Adekunle, et al., 2024).
The forest topsoil recorded the lowest bulk density at 1.16 g/cm³, which corresponded to the highest porosity of 56%. This suggests a well-aggregated soil structure with ample pore space, which is favorable for root penetration and water infiltration, a finding consistent with studies linking undisturbed forest ecosystems to high organic matter accumulation and robust soil structure (Sojobi and Oluwasemire, 2024). The grassland showed a slightly higher bulk density of 1.18 g/cm³ (55% porosity) in the topsoil, which increased to 1.25 g/cm³ (52% porosity) in the subsoil, indicating a degree of compaction at the lower depth(Aina, et al ., 2019). In contrast, the continuously cultivated topsoil exhibited the highest bulk density (1.42 g/cm³) and consequently the lowest porosity (46%). This finding directly implies that continuous tillage has led to significant soil compaction, which can restrict root growth, limit water infiltration, and increase the risk of erosion (Aina, et al, 2019; Adekunle, et al., 2024).



Chemical Properties: The chemical properties of the soils, presented in Table 2, reveal the direct and significant influence of land management practices on soil fertility.
The soil reaction, as shown in Table 2, was strongly acidic across all land uses and depths. The pH measured in water ranged from a low of 5.2 in the continuously cultivated subsoil to a high of 5.83 in the forest subsoil. This acidic nature is characteristic of soils in the region, which are derived from acidic parent materials and subjected to leaching under a tropical climate (Babalola et al., 2024). The implication of this inherent acidity is the potential for reduced availability of essential nutrients like phosphorus and an increased risk of aluminum toxicity, which can limit crop productivity if not properly managed.
The analysis of soil organic matter and its components revealed a clear and statistically significant trend directly linked to land use. As detailed in Table 2, the forest land (FL) topsoil (0-15 cm) had the highest concentrations of organic carbon (2.36%), organic matter (4.07%), and total nitrogen (0.16%). In stark contrast, the continuously cultivated land (CCL) subsoil (15-30 cm) recorded the lowest levels for these properties, with organic carbon at 0.64%, organic matter at 1.09%, and total nitrogen at just 0.04%. These results establish a clear degradation gradient of Forest > Grassland > Cultivated, underscoring the severe impact of continuous cultivation. The high organic matter content under the forest is a direct result of the continuous addition of litter fall and the absence of tillage, which protects organic matter from decomposition (Sojobi and Oluwasemire, 2024). Conversely, the significant depletion in the cultivated soil is a classic symptom of soil degradation caused by tillage-induced oxidation, crop residue removal, and erosion (Amusan, et al., 2019).







[bookmark: _Toc209013653]Table 2: Chemical Properties of Different Land Use Types in Anyigba, Kogi State

	Land Use Type
	pH in H₂O
	pH in KCl
	% OC
	% OM
	% TN
	EC (mS/cm)
	P (mg/kg)
	Na (Cmol/kg)
	K (Cmol/kg)
	Ca (Cmol/kg)
	Mg (Cmol/kg)
	TEB (Cmol/kg)
	Ex. Acidity (Cmol/kg)
	ECEC (Cmol/kg)

	                                                                                                 0 – 15cm Depth

	CCL
	5.50
	4.70
	0.91
	1.38
	0.07
	0.20
	4.37
	0.51
	1.60
	1.67
	4.14
	7.92
	1.14
	9.06

	FL
	5.70
	4.90
	2.36
	4.07
	0.16
	0.20
	4.16
	0.34
	2.24
	2.41
	5.46
	10.52
	0.95
	11.47

	GL
	5.73
	5.17
	1.79
	3.04
	0.14
	0.19
	5.25
	0.43
	1.91
	2.02
	5.12
	9.48
	1.04
	10.52

	                                                                                                 15- 30cm Depth

	CCL
	5.20
	4.53
	0.64
	1.09
	0.04
	0.21
	3.95
	0.53
	1.38
	1.54
	3.71
	7.16
	1.19
	8.36

	FL
	5.83
	5.10
	1.26
	2.16
	0.08
	0.18
	4.60
	0.41
	1.95
	2.12
	4.55
	9.03
	1.08
	10.15

	GL
	5.37
	4.77
	1.13
	1.96
	0.08
	0.22
	3.69
	0.44
	1.63
	1.78
	4.19
	9.29
	1.06
	10.35

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	LSD
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS


	



The soil’s nutrient-holding capacity, indicated by the Effective Cation Exchange Capacity (ECEC), mirrored the organic matter trends. The forest topsoil had the highest ECEC value of 11.47 Cmol/kg, while the continuously cultivated subsoil had the lowest at 8.36 Cmol/kg. This trend was further clarified by the individual exchangeable base cations. The forest topsoil contained the highest concentrations of potassium (2.24 Cmol/kg), calcium (2.41 Cmol/kg), and magnesium (5.46 Cmol/kg). These were significantly higher than the levels in the cultivated subsoil, which were 1.38 Cmol/kg for potassium, 1.54 Cmol/kg for calcium, and 3.71 Cmol/kg for magnesium. Sodium levels were consistently low across all sites, ranging from 0.34 to 0.53 Cmol/kg. The higher ECEC in the forest soil highlights the critical role that organic matter plays in providing negatively charged exchange sites for nutrient cations (Obalum et al., 2020). Although the overall ECEC values did not show statistical separation due to variability, the significant depletion of essential base cations in the cultivated soil provides clear evidence of nutrient mining through crop harvesting and leaching, a process exacerbated by the loss of organic matter (Bello et al., 2023). The low sodium levels indicate no risk of soil sodicity.
[bookmark: _Toc208070345]Soil Organic Carbon Storage of Different Land Use Types in the Study Area
The Soil Organic Carbon stock, a critical indicator of carbon sequestration, varied significantly across the different land use types and depths as presented in Table 3. The forest land (FL) was the largest reservoir of soil organic carbon, storing an average of 41.06 Mg/ha in the 0-15 cm depth and 22.29 Mg/ha in the 15-30 cm layer. The grassland (GL) also demonstrated a substantial capacity for carbon storage, with an SOC stock of 31.68 Mg/ha in the topsoil and 21.19 Mg/ha in the subsoil. The continuously cultivated land (CCL) had the lowest SOC stock, holding only 19.39 Mg/ha in the 0-15 cm layer and 13.15 Mg/ha in the 15-30 cm layer.
The results clearly show that the conversion of natural ecosystems to cultivated land leads to a substantial loss of stored soil carbon. The forest topsoil stored more than double the amount of carbon as the cultivated topsoil, a stark indicator of the effects of long-term tillage, which accelerates the microbial decomposition of organic matter, and the removal of crop residues that would otherwise be incorporated into the soil (Issa et al., 2024). The high carbon stock in the forest is a direct consequence of the continuous input of organic matter from leaf litter and fine root turnover in an undisturbed environment, which confirms that forests are highly effective at sequestering atmospheric carbon (Eze et al., 2023). The grassland also proved to be a significant carbon sink, demonstrating the value of permanent vegetative cover in building and protecting soil carbon compared to annual cropping systems. Across all land uses, carbon stocks were consistently higher in the topsoil than in the subsoil, which is expected as the topsoil is the primary zone of organic matter addition and biological activity.

[bookmark: _Toc209013654]Table 3: Soil Organic Carbon Storage of Different Land Use Types in Anyigba, Kogi State
	Land
Use Type
	% Organic 
Carbon 
  (OC)
	Bulk 
Density (BD) 
(g/cm³)
	SOC 
Stock 
(Mg/ha)

	
	                                    
                                        0 – 15cm Depth

	
CCL
	
0.91
	
1.42
	
19.39

	FL
	2.36
	1.16
	41.06

	GL
	1.79
	1.18
	31.68

	
	                                    
                                       15- 30cm Depth

	
CCL	
	
0.64
	
1.37
	
13.15

	FL
	1.26
	1.18
	22.29

	GL
	1.13
	1.25
	21.19




[bookmark: _Toc208070347]Conclusion and Recommendations
The land uses had significant and quantifiable impact on soil fertility and carbon storage in the Loamy Sand soils of Anyigba. The forest land was the most sustainable system, storing the largest amount of soil organic carbon (41.06 Mg/ha in the topsoil) and exhibiting the highest fertility. Continuous cultivation led to severe soil degradation, evidenced by a dramatic loss of over half the soil's carbon stock, depletion of essential nutrients and significant soil compaction. Grassland, while less effective at storing carbon than the forest, proved to be a far more sustainable system than continuous cultivation, maintaining significantly higher carbon stocks and better soil fertility.
Based on the findings, the following recommendations are made:
i.  it is recommended that farmers adopt integrated soil fertility management practices, such as minimum tillage, cover cropping, and agroforestry, to rebuild soil organic matter, restore fertility, and increase carbon stocks on continuously cultivated lands.
ii. policies should be promoted to protect existing forest lands from deforestation and encourage agroforestry practices that integrate trees into farming systems, thereby enhancing soil carbon sequestration and overall farm productivity.
iii. Controlled grazing should be encouraged as a viable soil management to balance agricultural production with soil conservation on grassland.
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