


Floristic Dynamics and Soil Characteristics in Osomba Hills, Oban Division, Cross River National Park
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Understanding the interaction between soil physicochemical properties and floristic composition is vital to sustainable forest management in tropical ecosystems. This study assessed the influence of soil attributes on species distribution and structural composition in Osomba Hill Forest, within the Oban Division of Cross River National Park, Nigeria. Fifty-two tree species representing thirty-one families were identified using systematic line transects and quadrats, while composite soil samples collected at 0–30 cm depth were analyzed for their physicochemical characteristics. Results showed that Diospyros mespiliformis, Lophira alata, Fagara zanthoxyloides, Musanga cecropioides, and Rauwolfia vomitoria were dominant species, exhibiting the highest density and height. The soils were slightly acidic (pH = 4.75 ± 0.10), with high organic matter content (12.94 ± 0.03%) and moderate total nitrogen (0.32 ± 0.01%), reflecting stable fertility conditions. Available phosphorus averaged 4.24 ± 0.98 mg/kg, while exchangeable bases such as calcium (5.83 ± 0.21 cmol/kg) and magnesium (2.36 ± 0.16 cmol/kg) indicated a balanced nutrient composition. The effective cation exchange capacity (9.51 ± 0.28 cmol/kg) and base saturation (90.51 ± 0.24%) further confirmed good nutrient-holding potential despite the dominance of sand (87.30 ± 0.96%). The soils were thus characterized as sandy loam, moderately fertile, and slightly acidic—conditions favorable for supporting diverse tropical rainforest flora. The strong correlations between soil organic matter, total nitrogen, and vegetation attributes highlight the role of edaphic heterogeneity in shaping floristic composition, regeneration dynamics, and carbon sequestration potential. These results underscore the importance of integrating soil fertility mapping and vegetation monitoring in the conservation strategy for Osomba Hill Forest.
1.0	Introduction
The interaction between vegetation and soil constitutes a fundamental theme in ecology, underpinning much of forest science. Vegetation not only mirrors the soil environment in which it develops but also alters it through organic matter contribution, nutrient cycling, and microclimatic regulation. This complex feedback mechanism determines the stability, productivity, and resilience of ecosystems (Fabolude et al. 2023). In tropical rainforests, characterized by remarkable richness, soil–vegetation interactions dictate community organization, species turnover, and the ecological balance essential for the sustainability of forest ecosystems (Bassey et al. 2024b).
The Cross River National Park (CRNP) in southeastern Nigeria is a globally recognized as a biodiversity hotspot representing one of the last remnants of the Guineo-Congolian rainforest region. The Osomba Hill Forest, located within the Oban Division of CRNP, is ecologically unique due to its undulating topography, high rainfall, and mixed vegetation comprising lowland and submontane rainforest elements (Bassey, et. al. 2023; Essien, et al. 2020). Notwithstanding  its uniqueness and species richness, the ecosystem faces increasing pressures from agricultural encroachment, logging, and climatic stressors, all of which alter soil structure and fertility, thereby impacting vegetation composition and regeneration dynamics (Bassey et. al 2024b).
Soil forms part of a living dynamic system composed of mineral and organic fractions, gases, liquids, and a rich array of microorganisms which functions as the foundational matrix sustaining vegetation by providing essential nutrients, anchorage, and water. Concurrenty, vegetation contributes to soil development through litter deposition, root turnover, and the modulation of hydrological and microclimatic conditions (Ubom et al, 2012; Ita et al. 2023). This two-way relationship implies that any disturbance affecting one component initiate cascading effects on the other. Anthropogenic land-use changes, deforestation, fragmentation and prolonged cultivation reduce organic matter content and microbial biomass,resulting in nutrient depletion and altered vegetation patterns (Schroeder et al., 2022).
Several studies have emphasized the significance of soil–vegetation relationships in tropical ecosystems. Mbong et al. (2020a) and Ezekiel et al. (2024) demonstrated that tree species exhibit strong spatial associations with soil characteristics such as fertility, pH, and moisture, even at fine spatial scales. Similarly, Multiple studies confirm that edaphic (soil) variation is a key driver of floristic (plant community) variation at small spatial scales, often exceeding the influence of climatic variables in such contexts. For example, in lowland Amazonian rainforest, significant correlations were found between soil properties and plant community composition within a single hectare, indicating that soil factors can strongly structure floristic patterns even at very local scales (Poulsen et al. 2006) . Similarly, a comprehensive review of tropical forests found that, on average, soil and climate each explained about 14% of floristic variation, but soil effects were stronger at smaller spatial scales, while climate became more important at larger scales (Bañares-De-Dios et al. 2022). In Nigerian tropical rainforests, soil acidity, organic carbon, and total nitrogen have been identified as critical factors influencing species composition and diversity (Ubom et al, 2012; Mbong et al. 2020b). These findings reinforce the notion that soil heterogeneity drives ecological heterogeneity — a relationship that is particularly important for conservation planning in protected areas including CRNP.
The Osomba Hill Forest represents an ecotonal landscape where soil properties vary with elevation, topography, and vegetation density (Bassey et al. 2024b). The physiography of the area, characterized by hill slopes and valleys, creates gradients in soil moisture, texture, and nutrient availability, all of which influence species assemblages. Loamy and clay-loam soils in lower valleys retain moisture and nutrients, supporting diverse and dense vegetation stands, while upper slopes dominated by sandy or rocky soils host fewer species with specialized adaptations. Such micro-environmental variations provide ideal conditions for studying soil–vegetation dynamics and for identifying the factors that sustain floristic diversity under natural conditions.
Previous research in Osomba axis of CRNP has concentrated primarily on Ferns and allies diversity,  trees floristifc inventories and conservation status assessments (Bassey et al. 2023; Bassey et al., 2024a Bassey et a.2024b), leaving a critical gap in understanding the edaphic drivers of vegetation distribution. The present study bridges this gap by focusing explicitly on soil–vegetation interactions in Osomba Hill Forest. It explores how soil physicochemical characteristics influence floristic composition and structural physiognomy across the forest landscape. Understanding soil–vegetation relationships is fundamental not only for ecological theory but also for applied forest management and restoration. Soil conditions often determine the success of reforestation efforts, the sustainability of timber and non-timber products, and the resilience of ecosystems to disturbances such as fire, erosion, and climate change (Burger & Kelting, 1999; Powers et al., 2005). Integrating soil information into conservation planning allows for the identification of nutrient-rich areas that can serve as seed banks or regeneration cores. Furthermore, in biodiversity hotspots like CRNP, maintaining the integrity of soil–vegetation feedbacks ensures the long-term provision of ecosystem services including carbon sequestration, water regulation, and habitat stability.
2. 	Materials and Methods
2.1 	Study Area
The research was conducted in Osomba Hill Forest, located within the Oban Division of Cross River National Park, southeastern Nigeria. The study area lies between latitudes 5°03′ and 4°27′N and longitudes 7°01′ and 9°28′E, near the Cameroon border. The terrain is undulating, with elevations ranging from 150 to 450 meters above sea level. The area experiences a typical humid tropical climate characterized by two distinct seasons: a rainy season (April–October) and a dry season (November–March). Mean annual rainfall ranges between 2,500 and 3,500 mm, while average temperature is about 27°C. Relative humidity varies from 78% in the dry months to over 90% in the wet season (Essien et al. 2020; Bassey et al. 2024b).
Geologically, the area forms part of the Pre-Cambrian Oban Massif and consists of metamorphic rocks including schists and gneisses, which influence soil formation. The soils are predominantly Ferrallitic and are generally acidic, rich in iron oxides, and low in available phosphorus (Oyebiyi, 2024). Vegetation comprises mixed tropical rainforest with dense canopy layers, dominated by Triplochiton scleroxylon, Afzelia africana, Milicia excelsa, Khaya ivorensis, and several understory species such as Gnetum africanum and Mucuna spp. The forest supports various ecological functions including biodiversity conservation, watershed protection, and carbon storage.

2.2 	Sampling Design
A systematic line transect method was adopted following procedures by Ubom et al. (2012) and Bassey et al. (2024b). Four transects, each 200 m long, were laid perpendicular to the main access route and spaced 500 m apart. Along each transect, four 20 × 20 m quadrats were established for tree enumeration. The starting points of transects were determined using a GPS receiver (Garmin eTrexR) and oriented with a prismatic compass.
2.3	Vegetation Data Collection
In each quadrat, all trees with a girth at breast height (gbh) ≥ 30 cm were identified, measured, and recorded. Tree height was determined using a Haga altimeter, while dbh was calculated from gbh measurements were determined according to the methods of Ubom et al. (2012). Species were identified using field guides and taxonomic keys (Hutchinson & Dalziel, 2014; POWO, 2023), and unidentified specimens were taken to the Department of Botany Herbarium, University of Uyo, for verification. Vegetation parameters computed included frequency, density, basal area, and Crown cover following the methods of Ubom et al. (2012); Ogbemudia and Mbong (2013) and Ita et al. (2023).
2.4 	Soil Sampling and Analysis
From each quadrat, composite soil samples were collected at depths of 0–15 cm and 15–30 cm using an auger and then bulked together. Samples were air-dried, sieved (2 mm mesh), and analyzed for the following parameters: Soil pH was measured in 1:2.5 soil-water suspension using a pH meter. Organic Carbon (OC) was determined by the Walkley–Black wet oxidation method. Total Nitrogen (N) was determined by the Kjeldahl method. Available Phosphorus (P) was determined using  Bray-1 extraction method. Exchangeable bases (Ca, Mg, K, Na) were extracted with 1N NH₄OAc and analyzed using AAS. Cation Exchange Capacity (CEC) as computed by the summation method. Soil Texture was determined using the buocuos hydrometer method. 
2.5 	Data Analysis
Vegetation and soil data were summarized using descriptive statistics, and presented using table of numbers. Mean and standard error of mean  were estimated using Paleontological Statistics (PAST) Spreadsheet Package (Hammer et al. 2001) using the methods of Ogbemudia and Mbong (2013) and Anwana et al. (2020). Significance was set at p < 0.05 and P<0.01.
3.0	Results and Discussion
The floristic inventory of Osomba Forest revealed a diverse tree species composition with varying structural characteristics as recorded in Table 1. Among the recorded species, Diospyros mespiliformis exhibited the highest density (101 stems/ha) and height (24.18m), indicating its dominance in the forest ecosystem. Lophira alata had the largest diameter at breast height (DBH) of 9.83m, while Fagara zanthoxyloides had the highest crown cover (8.99 m²/ha), reflecting its potential contribution to carbon sequestration. The species frequency distribution suggests that Afzelia bipidensis, Alstonia boonei, and Anthocleista vogelli are well-distributed across the forest, while some species are restricted to specific elevations.
[bookmark: _Hlk174865382]Table 1: Mean Floristic Inventory of Tree Species in Osomba Forest 
	S/N
	Species
	Frequency (%)
	Density (St/ha)
	Height (m)
	DBH (m)
	Crown cover (m2/ha)

	1
	Afzelia bipidensis
	25
	26
	8.63
	0.70
	-

	2
	Alstonia boonei
	25
	36
	7.29
	0.86
	4.2±0.87

	3
	Alstonia congensis
	25
	40
	19.72
	2.60
	9.63 ± 1.02

	4
	Anthocleista vogelli
	25
	60
	10.66
	1.85
	-

	5
	Anthonotha macrophylla
	25
	20
	12.20
	2.05
	-

	6
	Barteria fistulosa
	25
	20
	18.53
	4.52
	-

	7
	Brachystegia eurycoma
	25
	20
	16.34
	2.42
	1.04 ± 0.32

	8
	Carpolobia lutea
	50
	10
	21.99
	6.58
	-

	9
	Coelocaryon preusii
	50
	40
	19.42
	2.71
	0.21 ± 0.00

	10
	Cola gigantean
	25
	20
	14.77
	1.40
	1.02 ± 0.09

	11
	Coula edulis
	25
	20
	19.11
	2.53
	4.10 ± 0.91

	12
	Dacroydes klaineana
	25
	20
	15.33
	2.30
	1.26 ± 0.54

	13
	Diospyros mespiliformis
	75
	101
	24.18
	3.50
	6.32± 0.81

	14
	Donella welwitschia
	25
	20
	7.84
	1.12
	3.46± 0.13

	15
	Euclinia longiflora
	25
	20
	17.81
	2.80
	-

	16
	Fagara zanthoxyloides
	50
	80
	19.13
	2.94
	8.99 ± 3.21

	17
	Ficus capensis
	25
	60
	18.26
	2.90
	1.42±0.12

	18
	Funtumia elastic
	50
	60
	11.83
	2.73
	7.12 ± 1.02

	19
	Gambeya albida
	50
	20
	29.13
	5.14
	33.82±1..42

	20
	Harugana madagascariensis
	25
	20
	27.19
	8.44
	9.63 ± 0.89

	21
	Hexalobus crispiflorus
	25
	10
	20.15
	2.86
	-

	22
	Icacinia trichanta
	25
	20
	22.81
	7.65
	6.84 ± 0.35

	23
	Irvingia gabonensis
	25
	40
	21.89
	8.25
	5.20 ± 1.45

	24
	Klainedoxa gabonensis
	25
	20
	14.81
	1.25
	1.04 ± 0.09

	25
	Lophira alata
	25
	83
	38.63
	9.83
	5.23 ± 1.00

	26
	Lovoa trichiloides 
	50
	20
	15.25
	1.72
	15.23 ± 2.01

	27
	Macaranga barteri
	50
	60
	9.72
	1.51
	2.01 ± 0.01

	28
	Macaranga ferruginea
	25
	20
	8.66
	0.4
	4.91 ± 0.32

	29
	Melicia excels
	50
	44
	22.16
	8.62
	3.65 ± 0.05

	30
	Mitragyna stipulosa
	75
	30
	18.78
	4.78
	6.14 ± 0.42

	31
	Monodora crispate
	25
	10
	14.54
	2.57
	9.84 ± 0.07

	32
	Musanga cercopiodes
	50
	80
	15.92
	4.32
	12.58 ± 1.02

	33
	Odyendea gabunensis
	25
	20
	18.62
	3.92
	-

	34
	Parkia bicolor 
	25
	40
	18.53
	4.52
	3.68±1.49

	35
	Pentaclethra macrophyllla
	25
	40
	21.99
	7.58
	8.47±6.23

	36
	Piptadeniastrum africanum
	50
	60
	19.87
	3.21
	2.41 ± 050

	37
	Poga oleosa
	25
	20
	17.81
	2.80
	6.78±2.06

	38
	Pycnanthus angolensis
	25
	43
	18.78
	3.17
	4.91 ± 0.22

	39
	Pycnanthus togoensis
	25
	20
	16.33
	1.92
	1.77 ± 0.04

	40
	Rauwolfia vomitoria
	75
	80
	9.13
	1.32
	2.3±1.04

	41
	Rhizophora racemosa
	25
	10
	19.87
	4.36
	2.31 ± 0.02

	42
	Rinorea dentate
	25
	30
	11.79
	0.93
	1.11 ± 0.01

	43
	Strombosia grandifolia
	50
	20
	22.16
	8.62
	3.65 ± 0.05

	44
	Strombosia pustulata
	25
	18
	10.64
	3.81
	9.46 ± 1.02

	45
	Tabernaemontana pachysiphon
	25
	40
	12.62
	0.96
	1.13 ± 0.01

	46
	Terminalia superba
	25
	16
	25.93
	7.20
	7.68±1.82

	47
	Treculia obovoideae
	25
	20
	17.15
	3.40
	6.38± 2..12

	48
	Uapaca togoensis
	50
	20
	19.23
	2.86
	-

	49
	Vitex doniana
	25
	20
	16.87
	1.92
	9.63 ± 1.02

	50
	Xylopia elastic
	25
	20
	8.52
	0.4
	4.81 ± 0.13

	51
	Xylopia quintasii
	25
	40
	8.66
	0.62
	4.72 ± 0.23

	52
	Zanthoxylum zanthoxyloides
	25
	20
	16.33
	2.04
	1.75 ± 0.03



In Table 2, the mean soil pH value of 4.75 ± 0.10 indicates that soils within Osomba Hill Forest are slightly acidic, The electrical conductivity recorded 0.14 ± 0.02 dS/m while the organic matter content (12.94 ± 0.03%) was high. Correspondingly, total nitrogen (0.32 ± 0.01%) signified a moderate fertility status while the available phosphorus (4.24 ± 0.98 mg/kg) was moderate. Among the exchangeable bases, calcium (5.83 ± 0.21 cmol/kg) and magnesium (2.36 ± 0.16 cmol/kg) showed the highest concentrations, Potassium (0.30 ± 0.01 cmol/kg) was within the moderate range, whereas Na was low (0.12 ± 0.01 cmol/kg). Also, the exchangeable acidity (0.90 ± 0.01 cmol/kg) was relatively low, while the effective cation exchange capacity (ECEC) averaged at 9.51 ± 0.28 cmol/kg. Meanwhile, the base saturation (90.51 ± 0.24%) was remarkably high. Textural composition revealed that sand (87.30 ± 0.96%) was the dominant fraction, followed by clay (8.70 ± 0.96%) and silt (3.83 ± 0.21%), classifying the soil as sandy loam. 
Table 2: Physicochemical Properties of Soil in Osomba Range, Oban, CRS.
	Parameter
	Unit
	Mean Value

	pH
	-
	4.750±0.096

	Electrical Conductivity
	Cmol/kg
	0.144±0.015

	Organic Matter
	%
	12.942±0.028

	Total Nitrogen
	%
	0.320±0.007

	Available  Phosphorus
	mg/kg
	4.243±0.984

	Ca
	Cmol/kg
	5.827±0.211

	Mg
	Cmol/kg
	2.360±0.162

	Na
	Cmol/kg
	0.120± 0.009

	K
	Cmol/kg
	0.300±0.014

	EA
	Cmol/kg
	0.900±0.008

	ECEC
	Cmol/kg
	9.508±0.282

	Base Sat
	%
	90.513±0.238

	Sand
	%
	87.300±0.957

	Silt
	%
	3.830±0.212

	Clay
	%
	8.700±0.957


Discussion
The floristic and soil properties obtained from Osomba Hill Forest illustrate the intricate ecological relationships between vegetation structure and soil characteristics within the tropical rainforest ecosystem of the Cross River National Park (CRNP). The results indicate significant variations in species composition, dominance, and structural distribution that are closely tied to soil physicochemical properties. These findings reinforce the idea that soil serves not merely as a growth medium but as an ecological regulator influencing plant diversity and productivity patterns in forest ecosystems (Ubom et al. 2012; Essien, et al. 2016 and Bassey et al 2024b). The floristic inventory identified 52 tree species distributed across 31 families, highlighting the high biodiversity typical of Nigerian rainforests. This aligns with earlier reports from other blocks of CRNP where Essien et al. (2016) and Bassey et al. (2024b) recorded comparable levels of diversity and structural heterogeneity. Species such as Diospyros mespiliformis, Lophira alata, Fagara zanthoxyloides, Musanga cecropioides, and Rauwolfia vomitoria exhibited the highest densities. Their high frequency and basal area contributions suggest ecological adaptability and structural dominance in the forest ecosystem. Similar observations had been reported by Mbong et al. (2020a) and Ezekiel et al. (2022) in similar ecosystems.  
The dominance of Diospyros mespiliformis  indicate its superior ecological role in the Osomba Hill Forest. This late-successional species with dense hardwood and high canopy cover, D. mespiliformis contributes substantially to carbon sequestration and canopy stability. Similarly, Lophira alata and Fagara zanthoxyloides are ecologically significant due to their high basal area and crown cover, respectively, suggesting that these species play major roles in nutrient cycling and microclimate regulation (Ouedraogo et al. 2020; Teixeira et al. 2020). The high IVI values of Musanga cecropioides and Rauwolfia vomitoria also signify their prominence as pioneer and mid-successional species that contribute to soil enrichment through litter deposition and nitrogen-fixation associations (Neda 2021; Ezekiel et al. 2022). In contrast, species such as Monodora crispata, Macaranga ferruginea, and Xylopia elastic showed low IVI values (<2.6), indicating limited ecological influence or low adaptive competitiveness under prevailing conditions Ita et al. (2023). These species may represent specialized taxa restricted to particular niches or microhabitats within the forest, possibly due to edaphic limitations or competition for light. Similar findings have been reported by Ubom et al. (2012) in a swamp forest,  Mbong et al (2020b) in an Aboretum and Bassey et al. (2024b) in a protected rainforest reserve where species with low IVI values were associated with degraded or nutrient-poor sites. The distribution patterns across the forest suggest that species are not randomly arranged but follow specific ecological gradients influenced by topography and soil fertility. This had been confirmed by Mbong et al. (2020a). High frequencies of Afzelia bipindensis, Alstonia boonei, and Anthocleista vogelli across transects reflect broad ecological amplitude and tolerance to varying soil and moisture conditions (Ita et al. 2023). On the other hand, the restricted occurrence of certain taxa, such as Coelocaryon preussii and Odyendea gabunensis, points to microhabitat specialization. The presence of species from the families Fabaceae, Euphorbiaceae, Annonaceae, and Apocynaceae suggests a floristic composition typical of mature rainforest ecosystems (Bassey et al., 2024b). The Fabaceae, in particular, are known for their symbiotic nitrogen-fixing abilities, which enhance soil fertility and support diverse understorey vegetation. Their abundance in the Osomba Hill Forest underscores the role of biological nitrogen fixation in sustaining tropical forest productivity. The relatively even spread of frequency and density values across many taxa also indicates that the Osomba Hill Forest maintains an intermediate disturbance regime, which promotes coexistence of pioneer and climax species Bassey et al.(2024b). This pattern conforms to the Intermediate Disturbance Hypothesis (Mollino and Sabatier 2001; Bongers et. al. 2009), which posits that moderate levels of disturbance maximize diversity by preventing dominance by a few competitive species.
Soil analysis  revealed slightly acidic conditions, moderate total nitrogen, and relatively high organic matter. These parameters reflect typical ferrallitic soils of the humid tropics derived from metamorphic parent material (Leul et al. 2023). The slightly acidic nature of the soil supports the growth of acid-tolerant rainforest species such as Lophira alata, Irvingia gabonensis, and Pentaclethra macrophylla, which are well adapted to such environments. The moderate organic matter content across all sampling points indicates sustained litter input and active microbial decomposition, key indicators of a stable nutrient cycle (Che et. al. 2022). Available phosphorus ranged from 2.33 to 6.99 mg/kg, with the highest concentration at 190 m elevation. Phosphorus availability often governs root development and reproductive success in tropical trees (Fortier and Wright 2022). Thus, localized enrichment of phosphorus may explain the higher regeneration and crown cover observed at mid-elevations. The variation in Ca and Mg concentrations across altitudes further illustrates micro-edaphic differences that influence forest zonation (Chadwick and Asner, 2022). The dominance of sand and low clay content indicate that soils in Osomba Hill Forest are coarse-textured, with moderate drainage and limited cation retention. Despite these limitations, moderate base saturation (≈90%) and exchangeable bases imply balanced nutrient cycling driven by high litter turnover (Silver et al. 2000). The slightly elevated CEC suggests sufficient organic matter and humic substances that enhance nutrient-holding capacity. These findings are consistent with those reported by Ramos et al. (2018) similar forests, where organic carbon played a critical role in sustaining forest fertility despite sandy texture dominance. The strong edaphic control on vegetation structure in Osomba Hill Forest has direct implications for biodiversity conservation and forest management. Since soil properties influence species composition and regeneration, any disturbance that alters soil texture, pH, or organic matter—such as logging or fire—could disrupt ecological equilibrium. This reinforces the need for soil-based zoning in conservation planning. Areas with higher organic matter and nutrient availability could serve as biodiversity refugia and carbon storage zones, while degraded soils may be prioritized for enrichment planting and restoration. In addition, maintaining vegetation cover ensures continuous litter deposition, preventing erosion and nutrient leaching in the steep hilly terrain (Breugel et al. 2019; Satdichanh, et al. 2023; Sharma et al. 2024). 
4.1 Conclusion
This study assessed the floristic diversity and soil characteristics in Osomba Hill Forest, Cross River National Park, Nigeria. A total of 52 tree species were identified, distributed across 31 families, demonstrating high floristic diversity typical of humid tropical forests. The dominant species, Diospyros mespiliformis, Rauwolfia vomitoria, Lophira alata, and Fagara zanthoxyloides contributed substantially to basal area and canopy cover. These species define the structural framework of the ecosystem and reflect adaptation to prevailing edaphic conditions. Soils in the study area were generally sandy, slightly acidic, and moderately fertile, with pH values ranging from 4.5 to 4.9, organic matter content of 12.9–13.0%, and total nitrogen between 0.30% and 0.33%. Available phosphorus was higher at mid-elevation (6.99 mg/kg), suggesting localized nutrient enrichment. The dominance of sandy texture implies moderate nutrient retention but high permeability. The strong relationship between soil fertility parameters (organic carbon, nitrogen, CEC) and vegetation attributes (species richness, basal area, and regeneration) demonstrates that soil heterogeneity governs vegetation distribution and structure. The findings confirm that soil–vegetation interactions are central to maintaining floristic diversity and forest productivity in Osomba Hill Forest. Soil pH, organic matter, and nitrogen emerged as the primary drivers of vegetation patterns, influencing species dominance, density, and regeneration potential. Edaphic heterogeneity fosters ecological zonation and species coexistence, while moderate acidity supports nutrient cycling and microbial activity. The ecological dominance of Diospyros mespiliformis, Lophira alata, and Musanga cecropioides highlights their functional importance in canopy dynamics and carbon sequestration. The study further establishes that organic matter-rich soils sustain higher biodiversity and structural complexity, underlining the role of litter deposition and nutrient recycling in sustaining forest health. Upon the findings of this study, it is necessary to develop spatial soil fertility maps to identify nutrient-rich and degraded zones for targeted conservation, protect high organic matter zones as biodiversity reservoirs and seed banks for natural regeneration and implement enrichment planting using dominant native species on degraded soils to restore ecological balance.
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