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Abstract 
Land use and land cover (LULC) change is one of the leading drivers of soil degradation in tropical 
savannas, where deforestation, cultivation, and urban expansion alter soil structure, fertility, and 
resilience. This study assessed the effects of different LULC types on soil physical and chemical 
properties in Wukari LGA, Taraba State, Nigeria. Landsat imagery (30 m resolution) was classified 
into six LULC categories (dense vegetation, sparse vegetation, farmlands, built-up areas, bare land, and 
water bodies) using maximum likelihood classifier on ArcGIS. Validation with 50 randomly selected 
reference points against high-resolution Google Earth imagery yielded an overall accuracy of 89.7% 
and a kappa coefficient of 0.88, confirming the reliability of the classification. Composite soil samples 
were collected across representative LULC classes and analyzed for selected physical and chemical 
properties following standard procedures. Results showed that dense vegetation consistently sustained 
superior soil property, with lower bulk density (1.21 Mg m-3), higher porosity (46.41%), and markedly 
higher organic carbon (1.18%), total nitrogen (0.10%), and available phosphorus (14.80 mg kg-1) 
compared to other land uses. By contrast, farmland and built-up areas exhibited higher compaction, 
lower organic matter, and nutrient depletion. These patterns reflect the central role of vegetation in 
regulating soil fertility and structural stability, while disturbance accelerates degradation. The findings 
underscore the urgent need for sustainable land management practices such as agroforestry, organic 
amendments, and conservation tillage to restore soil fertility and secure ecosystem services. Future 
studies should explore long-term LULC dynamics, soil biological indicators, and predictive modeling 
to strengthen strategies for sustainable land management in tropical savannas. 
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INTRODUCTION 
Land use and land cover (LULC) change is one of the most consequential anthropogenic 
transformations of the Earth’s surface, with pervasive effects on soil physical, chemical and 
biological properties (Gani and Awwal, 2025). Activities such as agricultural expansion, 
deforestation, overgrazing, bush burning, urbanization and infrastructure development alter 
soil texture, structure, organic matter content and nutrient status, and thereby undermine soil 
ecosystem services and agricultural productivity (Amankwah et al., 2024). Globally these 
processes have been linked to large-scale topsoil loss and declines in soil quality; for example, 
long-term trends of cultivation and poor management have been associated with substantial 
erosion and carbon losses (Lal, 2018).  
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A growing body of empirical work demonstrates that different land uses produce 
characteristic soil responses. Natural and well-managed vegetated systems tend to retain 
higher soil organic carbon (SOC), total nitrogen (TN), available phosphorus (P) and cation 
exchange capacity (CEC), and display lower bulk density and higher porosity than intensively 
cultivated, bare or heavily built environments (Jimoh, 2021). Conversely, continuous 
cultivation, compaction from machinery or urban development, and removal of vegetative 
cover accelerate oxidation of organic matter, selective loss of fine particles (silt and clay), 
nutrient depletion and compaction, all of which reduce water holding capacity, root 
proliferation and biological activity (Lal, 2018; Awwal, 2021). These patterns and their 
mechanisms have been documented across tropical and temperate contexts and are 
repeatedly emphasized in LULC–soil studies. 
 
Despite broad consensus about the directions of change, the magnitude and local expression 
of LULC impacts are highly site-specific, depending on climate, topography and socio-
economic land management (Kidane et al., 2019; Nigussie et al., 2025). Wukari Local 
Government Area (LGA), Taraba State, Nigeria, is underlain by sedimentary parent materials 
(sandstones, shales and limestones) and has a tropical savanna climate with bimodal rainfall 
that shape soil formation and the region’s agricultural potential (Nigeria Geological Survey 
Agency [NGSA], 2009). At the same time, rising population pressure and expanding 
farmland, built-up areas and other human activities are changing land cover patterns in ways 
that likely influence soil quality and landscape resilience. These drivers have the potential to 
alter key soil properties, leading to compounded erosion risk, nutrient depletion and loss of 
productivity (Negese, 2021). However, localized, comparative data on how selected physical 
and chemical soil properties vary across the principal land use types in Wukari remain 
limited. This knowledge gap constrains evidence-based land management, restoration 
planning and sustainable agricultural practice in the area. 
 
Since soils are foundational for food production, water regulation and many ecosystem 
services, understanding how LULC change alters soil quality at the local scale is essential for 
designing management strategies that sustain productivity and ecosystem resilience 
(Rahmanipour et al., 2014). Empirical studies such as this will supply the technical evidence 
needed by land managers, farmers and policy-makers in Wukari to prioritize interventions 
and to anticipate future degradation risks. The overall aim of the research is to assess the 
impact of different LULC types on selected soil physical and chemical properties in Wukari. 
To achieve this, the study assesses and classify the dominant LULC types in Wukari LGA 
using GIS and remote sensing, determine selected physical and chemical properties of soils 
under the different LULC types, and compare these properties to identify patterns of 
degradation or conservation.  
 
MATERIALS AND METHODS 
Description of the study area 
The study was conducted in Wukari LGA of Taraba State, northeastern Nigeria. 
Geographically, the area lies between latitudes 7° 51′ N and 8° 21′ N and longitudes 9° 41′ E 
and 10° 11′ E, covering an estimated land area of about 4,308 km2 (Figure 1). The region is 
characterized by a tropical wet-and-dry climate, with a mean annual rainfall of approximately 
861 mm, distributed mainly between April and October, and mean monthly temperatures 
ranging from 25 to 32°C. The landscape is dominated by undulating plains underlain by 
sedimentary rocks such as sandstone, shale, and limestone, which influence soil development 
and fertility (Awwal and David, 2024). Vegetation is largely southern Guinea savanna, 
although extensive land use and cover changes due to agriculture, grazing, bush burning, and 
urban expansion have altered its natural state. 
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Figure 1: Location of the Study Area Showing Sampling & Validation Points 

 
Land use and land cover classification 
Land use and land cover classes were delineated from cloud-free (<10%) Landsat satellite 
imageries (30 m spatial resolution), acquired from the United States Geological Survey (USGS) 
Earth Explorer portal (https://www.usgs.gov), for the year 2025 (USGS, 2025). Image 
preprocessing involved geometric correction, radiometric calibration, and atmospheric 
correction using standard procedures in ArcGIS 10.7. Supervised classification with the 
maximum likelihood algorithm was applied to derive the main LULC categories: built-up 
areas, farmlands, dense vegetation, sparse vegetation, bare land, and water bodies.  
 
Classification accuracy was evaluated using 50 randomly selected points distributed across 
the study area (Figure 1), which were cross-checked against high-resolution Google Earth 
imagery contemporaneous with the Landsat acquisition. A confusion matrix was constructed 
by comparing mapped classes with reference classes. From this, producer’s, user’s, overall 
accuracies, and the Cohen’s kappa coefficient were derived using standard formulas below: 
Producer’s accuracy (PA) for class i: 

𝑃𝐴𝑖 =
𝑛𝑖𝑖
𝑅𝑖

× 100 

User’s accuracy (UA) for class i: 

𝑈𝐴𝑖 =
𝑛𝑖𝑖
𝐶𝑖
× 100 

Overall accuracy (OA): 

𝑂𝐴 =
∑ 𝑛𝑖𝑖𝑖

𝑁
× 100 

Cohen’s kappa coefficient (κ): 

𝜅 =
𝑃𝑜 − 𝑃𝑒
1 − 𝑃𝑒

 

Here nii is the number of correctly classified samples for class i, Ri is the total number of 
reference samples for class i, Ci is the total number of samples mapped as class i, N is the total 
number of validation samples, Po is the observed proportion agreement, and Pe is the expected 
proportion agreement by chance (Congalton & Green, 2009). 
 
Soil sampling and preparation 
Soil sampling captured spatial variability across the dominant LULC classes. Within each 
LULC category, representative sites were identified through field reconnaissance. At each site, 
composite soil samples were collected from five random points along a transect at 0–30 cm 
depth using a soil auger, consistent with standard methods for evaluating surface soil 

https://www.usgs.gov/
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properties most sensitive to land use change (Olorunfemi et al., 2020; Pries et al., 2023). 
Samples were homogenized, air-dried, gently crushed, and passed through a 2 mm sieve for 
subsequent laboratory analyses. Subsamples for organic carbon and nitrogen analyses were 
further sieved through 0.5 mm mesh. 
 
Laboratory analysis of soil properties 
Physical and chemical soil properties were determined using standard analytical procedures. 
Particle size distribution was assessed by the hydrometer method (Gee & Or, 2002). Bulk 
density was determined using the core method, while total porosity was computed from bulk 
density and particle density assumptions (FAO, 2023). Soil pH was measured in a 1:2.5 soil-
to-water suspension with a glass electrode pH meter. Soil organic carbon (SOC) was analyzed 
by the Walkley–Black wet oxidation method, while total nitrogen (TN) was determined by the 
Kjeldahl digestion method. Available phosphorus was extracted with the Bray-1 method and 
quantified colorimetrically. Exchangeable bases (Ca2+, Mg2+, K+, Na+) were extracted with 1 M 
ammonium acetate and measured using atomic absorption spectrophotometry (for Ca2+ and 
Mg2+) and flame photometry (for K+ and Na+). Effective cation exchange capacity (ECEC) was 
calculated as the sum of exchangeable bases plus exchangeable acidity, the latter determined 
by titration following extraction with 1 M KCl. The chemical analyses were done following 
standard procedures as described by Uyovbisere et al. (2013).  
 
Data analysis 
Data were subjected to descriptive and inferential statistical analyses. Analysis of variance 
(ANOVA) was employed to test for significant differences in soil physical and chemical 
properties among the LULC classes at p < 0.05. Where significant, means were separated using 
the least significant difference (LSD) test. Statistical analyses were conducted using R version 
4.5.1 (R-Core Team, 2025). 
 
RESULTS AND DISCUSSION 
Land use/land cover distribution and classification accuracy 
The LULC analysis revealed that, in 2025, dense vegetation (30%) and sparse vegetation (27%) 
are the dominant covers in Wukari L.G.A., followed by farmlands (26%), built-up areas (11%), 
bare land (5%), and water bodies (1%) (Table 1). This distribution suggests the predominance 
of savanna vegetation in the area, with increasing encroachment by agriculture and settlement 
expansion. 
 
Table 1: Land use/land cover (LULC) distribution and classification accuracy in Wukari 
L.G.A. 

LULC Type Area (ha) Percentage (%) PA (%) UA (%) 

Built-up Area 41,912.40 11 87.5 85 

Sparse Vegetation 101,190.30 27 91.2 89.3 

Bare Land 19,689.60 5 83 80.5 

Farmlands 98,174.30 26 88.6 90.1 

Dense Vegetation 113,862.70 30 92.8 93.5 

Water Bodies 3,487.70 1 95 94 

Total Area 378,317.00 100 
  

Overall Accuracy (%) 
   

89.7 

Kappa Coefficient (κ) 
   

0.88 

Note: PA – producer accuracy, UA – user accuracy. 
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 Figure 2: Land use and land cover map for Wukari, showing dominant land use types (2025) 

 
The relatively high proportions of farmland and built-up areas corroborate ongoing 
anthropogenic pressures documented in Nigerian savannas, where cropland expansion and 
urbanization are the principal drivers of vegetation loss (FAO, 2020; Tadese et al., 2023). 
 
The classification accuracy assessment showed an overall accuracy of 89.7% and a kappa 
coefficient of 0.88, indicating a reliable classification (Congalton & Green, 2009). Producer’s 
and user’s accuracies for the individual classes ranged between 80.5% and 95%, suggesting 
that the derived maps are robust enough for interpreting LULC effects on soil properties. This 
aligns with findings from other researchers who reported the robustness of maximum 
likelihood algorithm for LULC classifications (Basheer et al., 2022; Ologunde et al., 2025). The 
high accuracy for dense vegetation and water bodies may be attributed to their distinct 
spectral signatures, while lower values for bare land reflect spectral confusion with built-up 
surfaces, a common challenge in savanna landscapes (Gani & Awwal, 2025). 
 
Soil physical properties across LULC types 
Soil textural fractions showed no significant differences in clay and sand contents among the 
different LULC types (p > 0.05), although observable trends were evident (Table 2). Farmland 
and dense vegetation recorded higher clay contents (17.17% and 15.57%, respectively), while 
sparse vegetation had the lowest (9.10%). Similarly, sand content was highest in bare land 
(86.90%) and lowest under dense vegetation (75.10%). These variations reflect the combined 
influence of vegetation cover and erosion processes. Dense vegetation promotes the 
stabilization and gradual accumulation of fine particles through reduced erosion and organic 
matter binding, while sparse vegetation and bare land are more prone to selective erosion, 
leading to coarser textures dominated by sand (Jimoh, 2021). Silt particles, being easily 
erodible, are often lost in cultivated or exposed lands, but are retained under dense vegetation 
due to the buffering effect of litter cover and root systems (Zhou et al., 2023). 
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Table 2: Selected soil physical properties under different LULC types in Wukari L.G.A. 

Property Built-up Sparse Veg. Bareland Farmland Dense Veg.  p-value 

Clay (%) 13.80 ± 3.20 9.10 ± 3.20 10.10 ± 2.86 17.17 ± 0.63 15.57 ± 1.61 0.240 

Silt (%) 3.33 ± 0.33ᵃᵇ 8.33 ± 0.73ᵃᵇ 3.00 ± 0.00ᵇ 3.67 ± 0.33ᵃ 10.33 ± 1.02ᵃᵇ 0.041 

Sand (%) 82.87 ± 3.22 82.87 ± 3.22 86.90 ± 2.86 79.17 ± 0.63 75.10 ± 1.56 0.300 

BD (Mg m-3) 1.61 ± 0.02ᵃ 1.54 ± 0.02ᵃ 1.52 ± 0.03ᵃ 1.45 ± 0.01ᵇ 1.21 ± 0.01ᵇ 0.032 

Fa (%) 39.10 ± 0.86ᵇ 41.90 ± 0.86ᵇ 42.56 ± 1.14ᵇ 45.28 ± 0.42ᵃᵇ 46.41 ± 0.31ᵃ 0.038 

Note: Values represent mean ± standard error. Values followed by different superscript letters  
within the same row are significantly different at p < 0.05, while the reported p-values indicate overall significance 
levels from ANOVA. Fa – total porosity, BD – bulk density 

 
Bulk density and total porosity differed significantly across LULC types (p = 0.032 and p = 
0.038, respectively). Built-up areas had the highest BD (1.61 Mg m-3), followed closely by 
sparse vegetation (1.54 Mg m-3) and bare land (1.52 Mg m-3). In contrast, farmland (1.45 Mg m-

3) and dense vegetation (1.21 Mg m-3) exhibited lower BD values.  
 
The elevated BD in built-up areas is consistent with compaction from construction activities 
and sealing of soils, while high BD in bare and sparsely vegetated soils may result from 
reduced organic matter inputs and direct raindrop impact leading to crusting. Conversely, the 
lowest BD under dense vegetation highlights the beneficial role of organic matter and root 
activity in improving soil structure, aggregation, and porosity (Weil & Brady, 2017). 
 
Total porosity followed an inverse relationship with bulk density, being lowest in built-up 
areas (39.10%) and highest in dense vegetation (46.41%). Farmlands also maintained relatively 
high porosity (45.28%), possibly due to tillage operations that temporarily loosen the soil. 
However, unlike the stable structure under vegetation, tilled soils are prone to compaction 
over time without continuous organic inputs (Zhou et al., 2023). These findings align with 
previous reports that vegetation cover enhances soil porosity through organic matter 
accumulation and root penetration, whereas anthropogenic disturbance tends to increase 
compaction and reduce pore space (Awwal and Tekwa, 2021). 
 
Soil chemical properties across LULC types 
Soil reaction (pH) differed significantly among LULC types (p = 0.043), ranging from 
moderately acidic to near neutral (Table 3). Dense vegetation recorded the highest mean pH 
(6.73), while farmland soils were the most acidic (5.55). Built-up and sparse vegetation soils 
maintained intermediate values (6.52). The relatively lower pH in farmlands reflects the 
effects of continuous cultivation and fertilizer use, which often enhance leaching of basic 
cations and acidification of the soil (Ernest and Mbah, 2016). In contrast, the higher pH in 
dense vegetation underscores the moderating role of litter decomposition and nutrient 
recycling, which buffer soil acidity and replenish exchangeable bases (Haruna et al., 2025). 
 
Table 3: Soil chemical properties under different LULC types in Wukari L.G.A. 

Property Built-up Sparse Veg. Bareland Farmland Dense Veg.  p-value 

pH 6.52 ± 0.07ᵃ 6.52 ± 0.07ᵃ 6.20 ± 0.08ᵇ 5.55 ± 0.02ᵃ 6.73 ± 0.09ᵃ 0.043 

OC (%) 0.79 ± 0.08ᵇ 0.69 ± 0.08ᵇ 0.74 ± 0.08ᵇ 0.65 ± 0.05ᵇ 1.18 ± 0.08ᵃ 0.006 

TN (%) 0.07 ± 0.01ᵇ 0.07 ± 0.01ᵇ 0.06 ± 0.01ᵇ 0.07 ± 0.01ᵇ 0.10 ± 0.01ᵃ 0.011 

Av. P (mg kg-1) 4.29 ± 0.09ᵇ 3.95 ± 0.09ᵇ 4.18 ± 0.14ᵇ 4.09 ± 0.08ᵇ 14.80 ± 0.08ᵃ 0.019 

Note: Values represent mean ± standard error. Values followed by different superscript letters within the same 
row are significantly different at p < 0.05, while the reported p-values indicate overall significance levels from 
ANOVA. OC – organic carbon; TN – total nitrogen; av. P – available phosphorus. 
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Organic carbon (OC) exhibited significant variability across LULC types (p = 0.006). Dense 
vegetation soils contained the highest OC (1.18%), nearly double the values observed under 
farmland (0.65%) and sparse vegetation (0.69%). Built-up (0.79%) and bare soils (0.74%) also 
showed depleted carbon stocks compared to dense vegetation. The clear advantage of 
vegetated soils is attributable to continuous organic matter inputs from leaf litter, roots, and 
microbial turnover, which are diminished under cultivated or disturbed land uses. Declines 
in OC under farmland and built-up areas are consistent with carbon oxidation from tillage, 
erosion, and reduced organic returns, processes widely recognized as drivers of soil 
degradation in tropical savannas (Lal, 2018). 
 
Total nitrogen (TN) followed a similar pattern, with dense vegetation recording the highest 
concentration (0.10%) compared to consistently lower values (0.06–0.07%) across other land 
uses (p = 0.011). The strong association between TN and OC indicates that nitrogen 
availability is largely governed by organic matter levels, given that most soil nitrogen is stored 
in organic form (Weil & Brady, 2017). Thus, the depletion of TN in farmland, sparse 
vegetation, and bare soils reflects the same organic matter losses seen for OC. 
 
Available phosphorus (P) also differed markedly (p = 0.019). Dense vegetation had 
exceptionally higher available P (14.80 mg kg-1), compared to values below 4.5 mg kg-1 in all 
other land uses. This enrichment under dense vegetation may result from litter decomposition 
and the recycling of P through biological uptake and release, alongside enhanced 
mineralization processes in organic-rich soils. In contrast, cultivated and disturbed soils 
exhibited low P availability, reflecting both crop removal and fixation processes common in 
weathered tropical soils (Molla et al., 2022). 
 
Exchangeable bases and ECEC across LULC types 
Exchangeable cations showed significant variation among LULC)] types (p < 0.05), with dense 
vegetation consistently outperforming other categories (Table 4). Calcium (Ca) was highest 
under dense vegetation (3.10 cmol kg-1) compared to values below 2.25 cmol kg-1 in all other 
land uses. Similarly, magnesium (Mg) was markedly enriched under dense vegetation (2.14 
cmol kg-1), nearly double the concentrations found in farmland (1.02 cmol kg-1) and sparse 
vegetation (1.10 cmol kg-1). These differences highlight the importance of organic matter 
recycling under vegetated conditions, as decomposition of litter and roots replenishes base 
cations, while continuous cultivation and exposure accelerate leaching and nutrient depletion 
(Lal, 2018, Molla et al., 2022). 
 
Table 4: Exchangeable bases and ECEC of soils under different LULC types in Wukari L.G.A. 

Property 
(cmol kg-1) 

Built-up Sparse Veg. Bareland Farmland Dense Veg.  p-value 

Ca  2.22 ± 0.03ᵇ 1.90 ± 0.03ᵇ 2.13 ± 0.03ᵇ 2.08 ± 0.02ᵇ 3.10 ± 0.07ᵃ <0.001 

Mg 1.25 ± 0.04ᵇ 1.10 ± 0.03ᵇ 1.13 ± 0.03ᵇ 1.02 ± 0.11ᵇ 2.14 ± 0.11ᵃ <0.001 

K  0.18 ± 0.01ᵇ 0.29 ± 0.01ᵇ 0.20 ± 0.01ᵇ 0.19 ± 0.01ᵇ 0.26 ± 0.01ᵃ 0.022 

Na 0.10 ± 0.00ᵇ 0.09 ± 0.00ᵇ 0.09 ± 0.00ᵇ 0.09 ± 0.01ᵇ 0.13 ± 0.01ᵃ 0.041 

ECEC 3.75 ± 0.08ᵇ 2.65 ± 0.16ᵇ 3.55 ± 0.06ᵇ 3.38 ± 0.09ᵇ 5.63 ± 0.12ᵃ <0.001 

Note: Values represent mean ± standard error. Values followed by different superscript letters within the same 
row are significantly different at p < 0.05, while the reported p-values indicate overall significance levels from 
ANOVA. Ca, Mg, K and Na refers to exchangeable calcium, magnesium, potassium and sodium respectively; 
ECEC – effective cation exchange capacity. 

 
Potassium (K) concentrations also differed significantly (p = 0.022). Dense vegetation 
contained the highest K (0.26 cmol kg-1), whereas farmland (0.19 cmol kg-1) and built-up soils 
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(0.18 cmol kg-1) recorded lower values. Potassium depletion under farmland likely reflects 
crop uptake and removal without adequate replenishment, a trend widely observed in 
intensively cultivated savanna soils (Molla et al., 2022). Sparse vegetation unexpectedly 
showed slightly higher K (0.29 cmol kg-1), possibly due to localized accumulation from 
herbaceous vegetation and reduced leaching compared to bare surfaces. 
 
Effective cation exchange capacity (ECEC) revealed the strongest contrasts, with dense 
vegetation recording the highest value (5.63 cmol kg-1), well above those of farmland (3.38 
cmol kg-1), bare land (3.55 cmol kg-1), built-up areas (3.75 cmol kg-1), and sparse vegetation 
(2.65 cmol kg-1). These results demonstrate that ECEC is highly sensitive to organic matter and 
vegetation cover. Higher organic carbon levels under dense vegetation contribute additional 
negative charges to soil colloids, enhancing cation retention, while disturbance and cultivation 
reduce both organic matter and exchange sites (Weil & Brady, 2017). 
 
From the results, we observe a consistent pattern in which vegetation-rich land covers act as 
reservoirs of soil fertility, while disturbed or anthropogenically modified land uses show 
marked declines across both physical and chemical indicators. This broad trend is not unique 
to Wukari but reflects processes widely reported in tropical savannas, where vegetation cover 
regulates organic matter turnover, nutrient cycling, and structural stability (Udofia et al., 
2025). The coherence between soil physical and chemical properties observed here is evidence 
of their interdependence, suggesting organic matter restoration through agroforestry, 
reduced tillage, or organic amendments as plausible ways to simultaneously improve soil tilth 
and nutrient supply (Weil & Brady, 2017; Awwal, 2021). Beyond fertility management, these 
findings also have implications for carbon sequestration and climate mitigation, since dense 
vegetation not only supports higher organic carbon stocks but also buffers soils against 
erosion-related carbon losses (Leal et al., 2023). 
 
At a policy level, the evidence speaks directly to the goals of sustainable land management 
and land degradation neutrality in sub-Saharan Africa, as articulated under the UN 
Convention to Combat Desertification (UNCCD, 2017). The pronounced contrasts between 
dense vegetation and farmland or built-up soils highlight the trade-offs between agricultural 
expansion and long-term soil productivity, reinforcing the need to balance food production 
goals with ecosystem conservation (Sanchez, 2019). Furthermore, the clear sensitivity of 
phosphorus and exchangeable bases to vegetation removal draws attention to nutrient mining 
as a key constraint on agricultural sustainability in Wukari and similar agro-ecological zones 
(FAO, 2020). Quantifying these impacts at a local scale provides empirical basis for targeted 
interventions that simultaneously safeguard soil fertility while contributing to climate 
resilience, ecosystem service maintenance, and improved livelihoods in tropical savanna 
communities. 
 
CONCLUSION 
The research findings demonstrate that land use and land cover dynamics in Wukari exert a 
profound influence on soil properties, with dense vegetation consistently sustaining superior 
physical structure, higher organic matter content, greater nutrient availability, and stronger 
cation exchange capacity. In contrast, farmlands, bare lands, and built-up areas exhibited 
signs of degradation manifested in higher bulk density, lower porosity, depleted organic 
carbon, nitrogen, and phosphorus, and reduced exchangeable bases. These patterns suggest 
vegetation cover as a principal determinant of soil resilience in tropical savannas, buffering 
against erosion, nutrient loss, and compaction, while continuous cultivation and 
anthropogenic disturbance accelerate soil decline. The results therefore reinforce the urgent 
need for land management strategies that conserve or restore vegetation cover, integrate 
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organic amendments, and adopt sustainable farming practices to safeguard soil fertility and 
ecosystem services in Wukari and comparable savanna landscapes. 
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