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1. INTRODUCTION

Soil is A dynamic natural body shaped by the continuous interplay of environmental factors such as 
parent material, topography, climate, organisms, and time. In sloping landscapes, topography plays 
a particularly crucial role in modifying the development, distribution, and properties of soils through 
a range of pedogenic and geomorphic processes. These interactions become even more complex and sig-
nificant when considering Alfisols, a dominant soil order in the tropical and derived savanna zones of 
Nigeria, including Ekiti State. Alfisols are typically characterized by a subsurface horizon of clay accumu-
lation, moderate to high base saturation, and good natural fertility, making them agriculturally valuable. 
However, their behavior under sloping conditions is strongly influenced by pedogeomorphic dynamics 
that affect their morphology, chemical composition, fertility, and land use suitability (Soil Survey Staff 
2022, Lal 1985).

In tropical regions like Ekiti State, Nigeria, sloped terrains are ubiquitous due to the region’s underlying 
basement complex geology and its associated undulating topography. These landscapes, which are 
largely composed of hills, inselbergs, and shallow valleys, are subject to significant soil redistribution 
processes driven by erosion, runoff, and sedimentation. The varying slope gradients and aspects modify 
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Abstract
The pedogeomorphic dynamics of Alfisols across sloping landscapes in Ekiti State, southwestern Nigeria, have 

attracted increasing scientific interest due to their soil variability, land degradation hazard, and endangered agricul-
tural sustainability. This review synthesizes recent advances in understanding the relations between topography 
and pedogenesis, focusing on the morphological, physicochemical, and fertility characteristics of Alfisols along the 
slope gradient. Key processes such as leaching, eluviation – illuviation, and erosion – deposition, are shown to gov-
ern soil differentiation, with significant implications for classification, nutrient cycling, and land suitability. Summit 
soils are typically shallow, acidic, and erosion-prone, while lower slope soils are deeper, more fertile, and influenced 
by hydromorphic conditions. The application of digital soil mapping (DSM), geostatistics, and terrain modeling has 
improved spatial prediction of soil properties, yet challenges persist regarding data availability, local calibration, 
and integration of socio-environmental variables. Knowledge gaps include limited long-term monitoring, insuffi-
cient subsoil characterization, and weak links between scientific outputs and land management. The review con-
cludes by advocating interdisciplinary research, participatory mapping, and the use of open access geospatial tools 
to support slope-sensitive soil management in tropical regions. A landscape-scale, slope-informed framework is 
proposed as critical approach for sustaining Alfisol productivity under intensifying land use and climate variability 
in Nigeria.
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water movement, sediment transport, and nutrient cycling, which in turn affect the expression and de-
velopment of soil profiles along the catena. Alfisols on upper slope positions often exhibit signs of trun-
cation and horizon loss, while those on lower slopes may show accumulations of eroded materials, in-
creased moisture retention, and distinct textural changes (Ogunkunle 2005, Esu 2010, Adediran et al.
2021).

Recent pedological studies in Ekiti State and other parts of southwestern Nigeria have increasingly fo-
cused on slope-induced soil differentiation, especially in areas under pressure from intensive agriculture, 
deforestation, and urban expansion. The implications of the slope on soil morphological and physico-
chemical characteristics are evident in variations in colour, texture, horizon depth, organic carbon con-
tent, and nutrient availability. Moreover, land use practices, particularly arable farming on sloping ter-
rains, often exacerbate erosion and nutrient depletion in Alfisols, leading to a decline in soil productivity 
and increased risk of land degradation (Areola et al. 2016, Adeyolanu et al. 2017). Understanding the 
pedogeomorphic behavior of these soils is, therefore, vital for sustainable land use planning and soil con-
servation strategies in Ekiti State.

The significance of reviewing recent research on this topic lies in the growing attention to how topo-
graphic variation alters soil functionality in a region marked by high agricultural dependence and in-
creasing land pressure. Although Alfisols generally exhibit favorable physical and chemical properties for 
cultivation, their performance varies significantly along slope gradients. At summit positions, low or-
ganic matter content and erosion risks may limit productivity, while at toeslopes, waterlogging and nu-
trient accumulation may create management challenges. These functional differences are crucial for site-
specific land capability evaluation, crop suitability classification, and precision soil management (FAO 
2019, IUSS Working Group WRB 2022).

This review critically synthesizes recent research findings on the pedogeomorphic dynamics of Alfisols 
in sloping landscapes of Ekiti State. It seeks to document the current understanding of how slope influ-
ences soil morphology, genesis, physicochemical properties, and land use potential, while identifying 
research gaps and methodological innovations. This paper covers the geological and environmental set-
ting of Ekiti State; the variability in soil properties along toposequences; the influence of pedogenic pro-
cesses such as eluviation, illuviation, and erosion; and the application of digital and geostatistical tools in 
understanding soil-landscape interactions. Particular attention is given to studies that utilize 
toposequence analysis, land capability classification, and digital soil mapping to characterize and inter-
pret slope-induced soil behavior in Ekiti and comparable terrains in Nigeria.

Through this synthesis, the review aims to provide a consolidated framework for researchers, land 
managers, and policymakers to make informed decisions regarding soil use and conservation on sloping 
lands. The review also aims to stimulate further interdisciplinary research that integrates pedology, geo-
morphology, and geospatial technology to address emerging challenges in soil degradation, climate ad-
aptation, and sustainable agriculture in the region.

2. GEOLOGY, TOPOGRAPHY, AND SOIL-FORMING FACTORS OF EKITI STATE

Ekiti State, located in the southwestern region of Nigeria, is geologically underlain by the Precambrian 
Basement Complex, a formation that includes gneisses, migmatites, schists, quartzites, and granites 
(Akanbi et al. 2021). These crystalline rocks serve as the parent material from which most of the region’s 
soils are derived. Over millennia, the interaction between the geology and tropical climate has led to 
intense weathering, producing deep and strongly leached soils, including Alfisols and Ultisols. In some 
landscape positions where the weathering crust was eroded Inceptisols occur. Alfisols are dominant. 
They developed under deciduous tropical forest or derived savanna vegetation on moderately weathered 
parent material, especially in upland and mid-part of slopes where clay translocation processes are active 
(Soil Survey Staff 2022).
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The topography of Ekiti State is characterized by a rolling to hilly landscape with elevations ranging 
from 250 to 700 meters above sea level (Oyegun 2008). This terrain is punctuated by isolated hills, insel-
bergs, and well-defined drainage basins. The undulating landscape creates a variety of slope positions 
(summits, shoulder slopes, backslopes, footslopes, and toeslopes), each landscape having a distinct mi-
croclimatic and hydrological regimes. These variations in slope gradient and curvature significantly in-
fluence pedogenic processes, soil profile development, and the spatial distribution of soil properties (Og-
ban & Babalola 2009, Adediran et al. 2021). On steeper slopes, erosion and runoff dominate, forming 
truncated profiles and reducing soil depth, while lower slopes tend to accumulate sediments and nutri-
ents transported from upper elevations, resulting in thicker, more fertile soil horizons.

Climate is another critical soil forming factor in the region. Ekiti lies within the tropical sub-humid 
climatic zone, receiving annual rainfall between 1,300 and 1,800 mm, with distinct wet and dry seasons 
(Olanrewaju 2006). The high rainfall intensity, particularly during the wet season, enhances leaching, 
eluviation, and erosion, especially on bare or cultivated sloping lands. Combined with high temperatures 
(averaging 26–28°C), these conditions promote rapid organic matter mineralization and significant clay 
translocation, which are key processes in the formation of Alfisols (Esu 2010).

Vegetation in Ekiti historically consisted of tropical rainforest and derived savanna but has been extens-
ively altered by human activities such as farming, grazing, and deforestation. The transition from forest 
to derived savanna, and subsequently to cultivated land, impacts the rate of organic matter input, biolo-
gical activity, and soil structure. These changes further modify the pedogenic environment by influen-
cing the balance between accumulation and removal processes within the soil profile. In cultivated areas, 
continuous tillage on slopes can lead to accelerated erosion, loss of topsoil, and disruption of natural 
horizon development (Adeyolanu et al. 2017, Adeyemo et al. 2023).

Parent material plays a foundational role in determining the mineralogical and chemical characteristics 
of soils in Ekiti. Soils derived from migmatite-gneiss complexes often exhibit medium to coarse textures, 
with varying degrees of gravel and stone content depending on the degree of weathering and position on 
the slope. In contrast, soils formed from schists and quartzites tend to be finer-textured and more acidic. 
These mineralogical differences translate into spatial variability in base saturation, cation exchange capa-

Figure 1 Map of Ekiti State
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city, and nutrient availability, particularly calcium and magnesium content, which tend to be higher in 
Alfisols formed on less leached parent materials (Nuga et al. 2020).

Hydrology and drainage are also intimately connected with topography and parent material. On steep 
upper slopes, rapid runoff limits water infiltration, resulting in lower moisture retention and reduced 
leaching, whereas in toeslopes, water accumulation enhances downward translocation of materials, ho-
rizon thickening, and potential seasonal waterlogging. The movement of water across and within the soil 
profile further mediates clay illuviation and iron oxide mobilization, which are key differentiating fea-
tures in Alfisol genesis (Lal 1985, Areola et al. 2016).

Time, the final soil-forming factor, is significant in understanding the evolution of Alfisols in Ekiti. The 
prolonged weathering of the basement complex under tropical conditions has allowed for the develop-
ment of mature soil profiles, although anthropogenic disturbances may rejuvenate or truncate soil devel-
opment pathways. Recent land use intensification on sloped terrains may be disrupting long-term pedo-
genic stability, particularly through erosion-induced horizon mixing or removal (Adeniyi et al. 2024).

In summary, the pedogeomorphic dynamics of Alfisols in Ekiti State are shaped by a complex interac-
tion of geology, climate, vegetation, topography, and land use. These factors collectively influence soil 
depth, texture, horizonation, fertility, and landscape stability. The unique interplay between slope posi-
tion and soil development necessitates a position-specific understanding of soil properties for effective 
land evaluation, conservation, and productivity enhancement. Recognizing the dominant pedogenic 
controls and geomorphic settings in which Alfisols occur provides the necessary context for interpreting 
variability in soil functions across Ekiti's sloping landscapes.

3. MORPHOLOGICAL AND PHYSICOCHEMICAL CHARACTERISTICS OF ALFISOLS ON 
SLOPING LANDFORMS

The morphology and physicochemical properties of soils provide essential insight into their formation 
processes, classification, and agricultural potential. In sloped terrains, these characteristics vary signific-
antly along the toposequence due to differences in slope gradient, aspect, and position. Alfisols, which 
dominate many landscapes in Ekiti State, exhibit noticeable spatial variability in their morphology and 
chemical attributes depending on their location along the slope. These differences are the result of inter-
actions among soil-forming factors such as climate, parent material, and especially topography, which 
modulates the movement of water, solutes, and sediments down the slope (Ogunkunle 2005, Esu, 2010).

3.1. Morphological characteristics
Alfisols in sloping landscapes of Ekiti commonly display horizon differentiation that reflects their geo-

morphic position. Summit positions typically exhibit shallow profiles with weak horizon development 
due to erosion and minimal material accumulation. These soils may be gravelly or stony, and exhibit 
ochric epipedons and weakly developed argillic horizons (Areola et al. 2016). In contrast, mid-slope soils 
often show moderate horizon development, while toeslope positions tend to accumulate more organic 
matter and exhibit deeper profiles due to deposition from upslope erosion. These soils may display well-
structured argillic or cambic horizons, and in some cases, colluvial layers are observed (Adediran et al. 
2021).

Color variation is also a key morphological feature. Soils on upper slopes often present redder hues 
(e.g., 2.5YR–5YR) due to better drainage and oxidation of iron, while lower slopes may exhibit brown to 
grayish colors (7.5YR–10YR), indicating reduction conditions and higher organic matter content (Og-
ban & Babalola 2009). Soil structure tends to be subangular blocky in the B horizons, although in eroded 
areas, the structure may be weak or massive, reducing water retention and root penetration. Soil depth 
increases downslope, ranging from 30–60 cm on summits to over 100 cm on footslopes and valley bot-
toms (Adeyemo et al. 2023).

3.2. Soil texture
Texture plays a significant role in water movement, aeration, and nutrient retention. Studies in Ekiti 
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have shown that the surface horizons of Alfisols on upper slopes tend to be sandy loamy to loamy sand 
due to the loss of finer particles through erosion, while subsoils may show some clay enrichment 
(Ogunkunle 2005, Adediran et al. 2021). In contrast, soils at the footslope and toeslope positions often 
exhibit finer textures (loam to clay loam) due to deposition of materials transported from upslope.

The degree of clay illuviation varies along the slope, with evidence of argillic horizon development more 
pronounced at lower slope positions. This vertical and lateral redistribution of fine particles affects 
porosity and hydraulic conductivity. Soils at summit positions often have high macro-porosity but low 
water-holding capacity, while toeslope soils have higher microporosity and increased moisture retention, 
which may lead to seasonal saturation or waterlogging under intensive rainfall conditions (Adeniyi et al.
2024).

3.3. Soil reaction
Soil pH in the Alfisols of Ekiti State generally ranges from slightly acidic to moderately acidic (5.0 – 

6.5). It varies with slope position. Summit soils tend to be more acidic due to leaching of basic cations 
and limited organic matter formation and its erosion. In contrast, lower slope soils may exhibit higher 
pH values resulting from deposition and accumulation of base-rich materials from upslope (Esu 2010, 
Nuga et al. 2020). The buffering capacity of these soils is moderate, but continuous cultivation and fertil-
izer application without proper soil amendment have led to declining pH trends in some areas.

3.4. Organic matter 
Organic matter content also varies significantly across different slope positions. Alfisols on summits 

and shoulder slopes generally exhibit lower organic carbon (OC) content due to erosion and higher mi-
crobial decomposition rates, while in soils on footslope and valley bottoms soil organic matter formation 
and its accumulation is more intensive because here they accumulate also organic materials such as plant 
litter transported by surface runoff from upslope (Adeyolanu et al. 2017). On footslope and valley bot-
toms the biomass formation is greater because of greater moisture supply for plants and mineralization 
of created organic matter is limited by waterlogging. Studies have reported OC content ranging from 
<1% on summits to >2% at the toeslope in forested or minimally disturbed areas (Aruleba 2015, Ilori et 
al. 2020).

This variation in organic matter affects cation exchange capacity (CEC), water retention, and nutrient 
availability. Furthermore, carbon sequestration potential is higher in lower slope positions, suggesting 
their significance in climate-smart soil management (FAO 2019).

3.5. Base saturation and exchangeable cations 
Alfisols, by definition, exhibit base saturation greater than 35%, and this characteristic remains gener-

ally consistent across different slope positions in Ekiti. However, the concentration of exchangeable bases 
such as calcium (Ca2+), magnesium (Mg2+), potassium (K+), and sodium (Na+) tends to increase 
downslope due to colluvial deposition. Summit soils often suffer nutrient depletion due to continuous 
cropping and higher leaching intensity, while toeslope soils accumulate nutrients carried by runoff or 
sediment transfer (Ogban & Babalola 2009).

Calcium and magnesium dominate the exchange complex, especially in soils developed from gneiss 
and granitic parent materials. The Ca : Mg ratio typically ranges from 3:1 to 5:1, which supports good soil 
structure and root development in well-managed systems (Adediran et al. 2021).

3.6. Soil fertility
The spatial variation in soil properties translates into differences in soil fertility status and productivity 

potential. Summit and upper slope Alfisols are typically less fertile because they are dryer and more 
affected by erosion. They require greater management input for sustainable use. Midslope soils offer 
moderate fertility with relatively balanced chemical properties, while toeslope soils have finer texture, 
tend to be more enriched by organic matter and nutrients, and thus they are more fertile but may suffer 
from excess moisture and poor drainage, especially during the rainy season (Adeyemo et al. 2023).
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Recent field studies of Alfisols across toposequences in Nigeria show clear fertility contrasts between 
slope positions. For example, baseline fertility assessment of a gravelly Alfisol in the derived savanna 
reported surface organic carbon ranging between 0.86 and 2.81%, total nitrogen between 0.12 and 
0.61%, and available phosphorus from 2.5 up to 68.9 mg kg-1, with subsurface values still ranging 
between 2.0 and 37.7 mg kg-1 (Adegbite et al., 2020). Similarly, slope–depth investigations on typical 
Alfisols revealed that although soil nutrients (OM, TN, P, K) varied with depth, upper slope positions 
generally showed lower organic matter and nitrogen due to erosion, while lower slope positions accumu-
lated higher fertility through sediment deposition; however, available phosphorus and potassium did not 
vary significantly with slope in that particular study (Anwanane et al., 2017). Complementary findings 
also showed that total nitrogen decreased with depth – from approximately 1.25 g kg-1 at the surface to 
about 0.57 g kg-1 in deeper layers – while slope position exerted less control over P and a distributions 
(Hamza & Odunze, 2019). Although micronutrient datasets are limited for Nigerian Alfisols along slope 
gradients, most studies agree that extractable micronutrients (Zn, Fe, Mn, Cu) remain low to moderate, 
with potential for slightly higher solubility on upper slopes due to lower pH, whereas macronutrients and 
base status consistently improve downslope. Overall, Alfisols generally exhibit low to moderate fertility 
– typically OC < 3%, TN ≤ 0.6%, and available P often < 70 mg kg-1 – but the internal variation along the 
slope significantly influences their nutrient-supplying capacity and suitability for agricultural use (Ade-
gbite et al. 2020, Anwanane et al., 2017, Hamza & Odunze 2019).

4. PEDOGENIC PROCESSES AND SOIL VARIABILITY ALONG SLOPE GRADIENTS 

Pedogenesis (the process of soil formation and differentiation) is influenced by the interaction of five 
major soil forming factors: climate, organisms, parent material, relief, and time (Jenny 1994). In sloping 
landscapes such as those typical for Ekiti State, relief (topography) plays K dominant role in shaping pe-
dogenic processes by influencing the direction and intensity of water flow, erosion, deposition, and nu-
trient cycling. The spatial variability of Alfisols in these settings is a direct reflection of pedogenic pro-
cesses shaped by the slope position and gradient. Recent studies in southwestern Nigeria have 
emphasized the dynamic interplay between erosion, eluviation, illuviation, clay translocation, leaching, 
and organic matter redistribution as key drivers of soil differentiation across toposequences (Ogunkunle, 
2005, Adediran et al. 2021, Adeyemo et al. 2023). 

4.1. Erosion and deposition
Soil erosion is the most visible and disruptive pedogenic process affecting Alfisols on upper slopes and 

summits. High rainfall intensity, low vegetation cover, and the exposure of bare soil during tillage in-
crease surface runoff and facilitate the removal of topsoil, particularly during the rainy season. As a res-
ult, soils in these positions often exhibit truncated profiles, reduced organic matter, and weakened hori-
zon development (Areola et al. 2016). Over time, repeated erosion leads to the loss of fine particles, 
nutrients, and soil colloids, resulting in coarser textures and lower fertility. In contrast, depositional pro-
cesses dominate at the lower slope (footslope and toeslope) positions. Here, colluvial materials, enriched 
with organic matter and nutrients from upslope, accumulate and create deeper, better-structured pro-
files. 

4.2. Eluviation and illuviation
A key diagnostic feature of Alfisols is the argillic horizon, formed through the process of clay illuvi-

ation. Clay particles are washed down from the upper (eluvial) horizons and deposited in the lower (il-
luvial) ones. On sloped terrains, this process is highly position dependent. Upper slope soils often exhibit 
signs of eluviation, characterized by a lighter-colored, lower clay content a or E horizon, while the cor-
responding illuvial horizon may be poorly developed due to clay loss via runoff or subsurface lateral flow. 
In contrast, lower slope soils frequently exhibit well developed argillic horizons, with pronounced clay 
skins (cutans), blocky structures, and increased clay percentage, indicating active illuviation (Nuga et al.
2020).

Pedosphere Research, vol. 5, 2025, no. 2: 99 – 112

Review



105

Studies in Ekiti have shown that translocated clay may bypass intermediate slope positions entirely due 
to slope angle and hydrological forces, accumulating in concave footslope zones. This redistribution con-
tributes to vertical and lateral heterogeneity in soil texture and influences water retention, root penetra-
tion, and nutrient availability (Adediran et al. 2021).

4.3. Leaching and base saturation gradients
Leaching, particularly in the humid tropical climate of Ekiti State, plays A crucial role in nutrient dy-

namics across slopes. Rainwater infiltrating the soil dissolves soluble nutrients and transports them ver-
tically or laterally, depending on soil structure and slope. Summit soils, with their higher runoff and 
lower infiltration rates, often exhibit lower base saturation and reduced cation exchange capacity (CEC), 
resulting in diminished fertility. In contrast, toeslope soils show increased accumulation of exchangeable 
bases, particularly calcium and magnesium, leading to higher fertility potential (Adeyolanu et al. 2017, 
FAO 2019).

In more humid microclimates or under dense vegetative cover, strong leaching of potassium and so-
dium may result in the acidification of summit soils. However, the buffering capacity of Alfisols due to 
their moderate base saturation mitigates rapid pH decline in most cases, especially in undisturbed or 
organically managed ecosystems (Esu 2010).

4.4. Organic matter redistribution
The spatial distribution of organic matter (OM) is a critical factor affecting both biological activity and 

soil structural stability. In sloping terrains, OM is not uniformly distributed. Erosion and surface runoff 
contribute to OM depletion in upper slope soils, while lower positions act as traps for organic-rich sedi-
ment and decomposed plant residues. This creates a gradient in soil organic carbon (SOC), with values 
typically increasing from summit to toeslope.

Organic matter plays a pivotal role in forming stable soil aggregates, enhancing porosity, and promot-
ing microbial activity. Soils rich in OM (typically those in lower slope positions) exhibit greater resilience 
to compaction, better water-holding capacity, and higher biological productivity. These conditions en-
hance bioturbation, which contributes to horizon mixing and profile development (Lal 1985, Adeniyi et 
al. 2024).

4.5. Lateral translocation of soil components
In many cases, pedogenic processes are not strictly vertical. Lateral translocation, especially under con-

ditions of shallow water tables or during intense rainfall, can significantly influence soil profile character-
istics. The movement of fine particles, dissolved nutrients, and iron oxides downslope leads to enrich-
ment of lower slope soils, while summits continue to lose material. This horizontal movement is 
increasingly recognized in hydropedological studies of hilly landscapes, where saturated and unsaturated 
flow paths contribute to complex layering and discontinuities within soil profiles (Bouma 2006 Ogban & 
Babalola, 2009).

Hydropedological insights in recent Nigerian studies suggest that transient water tables may form in 
midslope or toeslope positions during peak rainfall, altering redox conditions and affecting the distribu-
tion of iron, manganese, and sulfur compounds. These fluctuations may lead to mottling, gleying, or the 
development of Fe-Mn concretions, further complicated soil interpretation and classification (Adediran 
et al., 2021).

4.6. Implications for soil genesis and classification
These pedogenic processes collectively result in distinctive catena development, wherein soils vary pre-

dictably across slope positions in terms of texture, depth, structure, and fertility. For instance, a typical 
catena in Ekiti State might consist of Lithic or Typic Haplustalfs at the summit, transitioning into Typic 
or Ultic Haplustalfs at the backslope, and Aquic Haplustalfs or even Epiaqualfs at the toeslope. Accurate 
classification requires accounting for both vertical and lateral soil development pathways, as influenced 
by pedogeomorphic settings (Soil Survey Staff 2022).

Pedosphere Research, vol. 5, 2025, no. 2: 99 – 112

Review



106

The variability induced by slope also challenges conventional land evaluation systems. Ignoring slope-
driven pedogenic variability can result in misclassification of land capability and ineffective soil conser-
vation strategies. Therefore, integrating slope effects into land management frameworks is essential for 
ensuring sustainable agricultural use and effective soil conservation, particularly in erosion-prone Alfisol 
landscapes of Ekiti State.

5. LAND USE IMPLICATIONS AND SOIL MANAGEMENT CHALLENGES

The pedogeomorphic behavior of Alfisols in sloping terrains has significant implications for land use 
planning, agricultural productivity, and environmental sustainability in Ekiti State. Due to their moder-
ate to high natural fertility, Alfisols are widely utilized for arable and perennial cropping systems. How-
ever, the interaction of slope, soil properties, and land use practices introduces complex management 
challenges that threaten long-term soil functionality if not properly addressed. Understanding how slope 
position and associated soil variability influence land capability is crucial for developing sustainable 
management strategies in hilly agro-ecological zones.

5.1. Agricultural practices and cropping patterns
In Ekiti State, the majority of farming occurs on sloped landscapes, with farmers cultivating crops such 

as cassava, yam, maize, cocoyam, vegetables, and tree crops like cocoa, oil palm, and kola-nut (Olaoye & 
Adebayo 2022). These cropping systems are often practiced under traditional slash-and-burn regimes, 
minimal mechanization, and limited external input use. On summit and upper slope areas, Alfisols tend 
to be shallower and more erosion prone. Consequently, crops planted in these positions often suffer from 
water stress, nutrient deficiency, and stunted growth due to the low moisture-holding capacity and loss 
of fertile topsoil (Adeyemo et al. 2023).

Midslope and footslope areas, by contrast, are typically more fertile due to depositional processes. 
However, these areas may also experience seasonal waterlogging, especially in concave landscape seg-
ments, which can affect crop performance, particularly for upland crops sensitive to poor aeration. Stud-
ies in the Ekiti region have shown that farmers often do not account for slope position in land allocation, 
resulting in inappropriate crop distribution and poor yields (Adediran et al. 2021).

5.2. Erosion and soil degradation risks
Soil erosion is perhaps the most critical land degradation hazard in sloping landscapes. The removal of 

topsoil by surface runoff reduces organic matter, nutrient stocks, and soil depth, thereby impairing crop 
productivity. Alfisols, despite their favorable structure and moderate base saturation, are particularly vul-
nerable to erosion when left bare or poorly managed. The intensity of tropical rainfall in Ekiti State accel-
erates the detachment and transport of particles from upper slopes, particularly under conventional till-
age systems.

Research by Areola et al. (2016) and Ogunkunle (2005) indicates that up to 40% of arable lands in hilly 
zones of Ekiti experience moderate to severe erosion annually. These losses are exacerbated by practices 
such as ridging downslope, monocropping, and deforestation, which expose the soil surface and 
destabilize the soil structure. The consequences include gully formation, loss of arable land, silting of 
water bodies, and reduced soil productivity. Lower slope areas, while benefiting from deposition, may 
also suffer from nutrient imbalances and sediment overload, leading to structural instability and drain-
age issues.

5.3. Fertility management and soil amendment challenges 
The spatial variability of soil nutrients along slopes makes fertility management complex. Summit and 

shoulder slope soils often require greater nutrient supplementation, particularly nitrogen and potassium, 
due to leaching and erosion losses. These positions may also require lime application to correct low pH 
values resulting from base cation depletion. However, the economic constraints of smallholder farmers 
in Ekiti limit the use of fertilizers, leading to declining yields and soil exhaustion (Adeniyi et al. 2024).
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Conversely, lower slope soils may accumulate nutrients, especially calcium and magnesium, but face 
challenges such as micronutrient deficiencies (e.g., Zn, Cu) and poor aeration. Blanket fertilizer recom-
mendations fail to capture this slope-induced variability, resulting in under- or over-application of in-
puts. Precision fertility management that incorporates slope position and soil testing is essential for 
efficient and sustainable nutrient use.

5.4. Land suitability
Several land evaluation studies in Ekiti have revealed that slope position significantly influences land 

suitability classes for specific crops. Alfisols at summit positions are often marginally suitable for shal-
low-rooted crops due to limited soil depth and moisture retention. Midslope soils generally fall into the 
moderately suitable class, while footslope Alfisols are typically classified as highly suitable, provided they 
are well-drained (Ogban & Babalola, 2009, FAO 2019).

However, most land use planning efforts in Nigeria still lack the integration of pedogeomorphic criteria 
into zoning and decision-making. In many cases, slope gradient is considered only in physical terms 
(e.g., steepness) without reference to associated soil characteristics and functional behavior. a more com-
prehensive land capability assessment that incorporates topographic position, soil profile data, erosion 
risk, and water dynamics is necessary to guide sustainable land allocation and cropping system design 
(IUSS Working Group WRB 2022).

5.5. Soil conservation and sustainable land management
Giving the susceptibility of sloping Alfisol terrains to degradation has led to the development and test-

ing of various conservation strategies aimed at preserving soil quality and promoting sustainable land 
use. Most promising measures are contour farming and cross-slope ridging, which significantly minim-
ize surface runoff and enhance water infiltration. Strip cropping and intercropping, particularly when 
incorporating legumes and cover crops, help to maintain ground cover, reduce erosion, and improve soil 
nitrogen content through biological fixation.

The application of mulching and organic amendments contributes to better soil structure, increased 
moisture retention, and reduced impact of raindrop splash, thereby limiting surface erosion. Agro-
forestry practices, such as alley cropping with species like Gliricidia sepium or Leucaena leucocephala, 
provide both erosion control and valuable biomass for soil enrichment. Additionally, the adoption of 
minimum tillage or no-till systems helps maintain soil integrity by limiting mechanical disturbance, pre-
serving soil aggregates, and enhancing biological activity.

Despite the well-documented effectiveness of these conservation practices, their implementation in 
Ekiti State and similar sloped regions remains limited. This is largely due to socio-economic challenges, 
inadequate technical extension services, and entrenched traditional farming systems. To encourage 
wider adoption of long-term sustainable soil management practices These obstacles should be overcome. 
Major efforts should focus on capacity building, policy incentives, and community-led demonstration 
initiatives.

5.6. Climate change and land use pressure 
Climate variability and increasing land exploitation cause land management challenges in areas with 

sloping terrains occupied by Alfisols. Erratic rainfall patterns increase erosion intensity and create more 
frequent extreme events, while rising temperatures accelerate organic matter decomposition and nutri-
ent cycling. The expansion of settlements and infrastructure into marginal lands (including hillsides) 
adds to the strain on fragile soils (Olanrewaju 2006, Adeyemo et al. 2023).

Addressing these challenges requires A landscape-based approach to land use planning that integrates 
soil characteristics, topographic setting, and socio-economic factors. Such an approach will enable us to 
establish resilient farming systems that maintain soil health, sustain productivity, and adapt to future 
climate scenarios.
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6. ADVANCES IN RESEARCH METHODOLOGIES AND DIGITAL TOOLS

The study of pedogeomorphic dynamics has undergone a significant transformation over the last two 
decades, with the integration of geospatial technologies, digital soil mapping (DSM), remote sensing, 
and modeling approaches into conventional soil survey and classification practices. In regions like Ekiti 
State, where terrain variability plays a dominant role in soil development, these advances offer powerful 
tools for understanding the spatial complexity of Alfisols in sloping landscapes. Recent studies have in-
creasingly applied these innovations to evaluate soil-landscape relationships, monitor erosion risk, pre-
dict soil properties, and support sustainable land use decisions.

6.1. Digital soil mapping and terrain modeling
Digital Soil Mapping (DSM) involves the use of quantitative models to predict soil properties or classes 

based on relationships with environmental covariates such as topography, vegetation, climate, and re-
mote sensing data (McBratney et al. 2003). In sloping terrains of Ekiti State, topographic indices derived 
from Digital Elevation Models (DEMs) (including slope, aspect, curvature, Topographic Wetness Index 
(TWI), and LS factor) have been successfully employed to map soil attributes such as depth, texture, or-
ganic carbon, and cation exchange capacity (Adeniyi et al. 2024, Olorunfemi et al. 2023).

The use of high-resolution DEMs (e.g., 10–30 m from SRTM or ASTER) allows for precise delineation 
of landforms and slope positions, which are crucial for modeling pedogenic processes such as erosion, 
clay translocation, and sediment deposition. Coupling DEMs with machine learning models (e.g., Ran-
dom Forest, Support Vector Machines) has enhanced the accuracy of soil maps and allowed researchers 
to identify critical areas vulnerable to degradation (Samuel et al. 2021).

6.2. Remote sensing and vegetation indices
Satellite remote sensing technologies provide complementary data for monitoring vegetation cover, 

land use dynamics, and surface conditions that influence soil properties. Vegetation indices such as the 
Normalized Difference Vegetation Index (NDVI), Soil Adjusted Vegetation Index (SAVI), and Enhanced 
Vegetation Index (EVI) are commonly used to assess vegetation health, erosion risk, and land degrada-
tion patterns in sloped landscapes (Adeyolanu et al. 2017).

In Ekiti State, remote sensing data from platforms like Landsat, Sentinel-2, and MODIS have been util-
ized to detect changes in land use, particularly deforestation and agricultural expansion across different 
slope positions. These changes are closely linked with soil degradation, especially on Alfisols that are 
sensitive to vegetation removal and surface disturbance (Olaoye & Adebayo 2022). The integration of 
temporal remote sensing data with soil surveys enables researchers to track degradation trends and re-
commend targeted conservation practices. 

6.3. Geostatistics and spatial variability analysis
Geostatistical techniques such as kriging, co-kriging, and spatial autocorrelation have been widely ad-

opted in soil studies to quantify the variability of soil properties across landscapes. These tools help in 
understanding how soil attributes change along slope gradients and in detecting patterns that are not 
easily visible through traditional sampling. Recent studies in southwestern Nigeria have applied semi-
variogram modeling and interpolation to map the distribution of organic carbon, pH, and nutrient status 
in Alfisols under different land uses and slope positions (Adediran et al. 2021, Nuga et al. 2020).

The spatial outputs from geostatistical analysis support precision agriculture by enabling variable rate 
application of fertilizers and amendments. Furthermore, the identification of spatially homogeneous 
zones enhances site-specific land capability evaluation and reduces the risk of mismanagement.

6.4. Pedometric and hydropedological approaches
Pedometrics applying statistical and mathematical methods to soil data has emerged as a powerful 

tool helping to understand soil-landscape interactions. In Ekiti and similar regions, pedometric studies 
have been used to develop predictive models of soil fertility, erosion susceptibility, and suitability in-
dices for different crops. These models integrate multiple data layers, including topography, parent ma-

Pedosphere Research, vol. 5, 2025, no. 2: 99 – 112

Review



109

terial, climate, and vegetation, to provide a holistic view of soil variability (McBratney et al. 2003; 
Bouma 2006).

Hydropedology, a relatively new interdisciplinary field combining pedology and hydrology, has also 
been increasingly used in slope analysis. It focuses on the interactions between water flow and soil prop-
erties, especially in relation to saturated and unsaturated flow paths. In sloped Alfisol terrains, hydrope-
dological investigations have helped identify temporary water tables, preferential flow channels, and 
zones of redox activity that influence soil genesis and classification (Bouma 2006, Ogban & Babalola 
2009).

6.5. Participatory and citizen science approaches
Advances in digital tools have also facilitated the inclusion of local farmers and land managers in soil 

data collection and monitoring. Mobile-based applications, open-access soil databases (e.g., SoilGrids, 
ISRIC), and participatory mapping platforms are increasingly used to extend soil knowledge. In Ekiti, 
pilot studies have demonstrated that involving farmers in slope mapping and erosion risk assessment 
enhances the adoption of soil conservation practices and improves local land use planning (Adeyemo et 
al. 2023).

6.6. Limitations and research needs
Despite these advances, several limitations persist. The resolution of satellite and terrain data may not 

always capture microtopographic features that significantly affect pedogenesis. There is also a need for 
more extensive ground-truthing of digital outputs, especially in regions with limited legacy soil data. 
Moreover, the integration of multi-temporal and multi-source datasets remains a technical challenge in 
many Nigerian soil studies.

Another gap is the limited use of long-term monitoring datasets to track soil evolution over time. Most 
studies are cross-sectional, offering a snapshot of soil variability rather than dynamic insights into 
change processes. Future research should emphasize temporal analysis, scaling techniques, and multi-
model comparisons to improve our understanding of soil systems in complex terrains.

7. SYNTHESIS, KNOWLEDGE GAPS, AND RESEARCH OUTLOOK

The pedogeomorphic dynamics of Alfisols in the sloping terrains of Ekiti State offer critical insights into 
the spatial variability, soil formation processes, and land use interactions of soils within tropical upland 
systems. Over several last decades, the convergence of classical pedological approaches with digital soil 
mapping (DSM), geostatistical techniques, and terrain modeling has significantly advanced our under-
standing of how slope influences soil development and land capability. Despite of these gains, several 
gaps still limit the full application of these findings in sustainable land management used in hilly envir-
onments of Nigeria.

One of the findings from the reviewed literature is that slope position plays a central role in determin-
ing the morphological and physicochemical characteristics of Alfisols. Upper slope soils tend to be shal-
low, acidic, and coarser in texture, reflecting the impacts of erosion and limited organic matter forma-
tion. These soils are also more vulnerable to structural degradation and nutrient loss, requiring targeted 
amendments and conservation measures. On the other hand, soils on lower slopes benefit from the de-
position of fine particles and organic matter transported from upslope. As a result, they tend to be 
deeper, better structured, and more fertile, though they may also be prone to seasonal waterlogging. This 
spatial variability reflects the interaction of multiple pedogenic processes – including eluviation, illuvi-
ation, leaching, and lateral translocation – all modulated by topographic position.

Taxonomic studies consistently reveal that Typic Haplustalfs, Ultic Haplustalfs, and Aquic Haplustalfs 
dominate different segments of the slope catena. These soil subgroups exhibit distinct morphological 
markers such as argillic horizons, clay cutans, and redox features, which are useful for field classification 
and interpretation. Nonetheless, variability in profile development, particularly in subsoil horizons, 
complicates classification efforts and underscores the importance of high-resolution observations across 
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the full soil profile. Land use practices in the region often do not align with the inherent limitations of 
these soils.

Traditional farming systems characterized by conventional tillage, deforestation, and minimal use of 
soil amendments have accelerated soil degradation, especially in upper slope areas. Although Alfisols are 
naturally fertile, their resilience is limited under intensive land exploitation pressure and inappropriate 
cropping systems. Fertility management is further complicated by the spatial heterogeneity of soil prop-
erties along the slope. Blanket fertilizer recommendations ignore local variability, resulting in underper-
formance of inputs and missed opportunities for optimizing productivity.

Digital soil mapping and terrain analysis have emerged as promising tools to address these limitations. 
Machine learning algorithms, remote sensing imagery, and topographic indices derived from digital el-
evation models are being applied with increasing success in Nigeria. These approaches have enhanced 
the spatial resolution of soil property predictions and allowed researchers to identify erosion-prone areas 
and classify soils more effectively. However, these tools depend heavily on high quality field data, which 
remains limited in many parts of Ekiti State. Additionally, many studies are based on single-time 
sampling, offering only static snapshots of dynamic soil systems.

Several knowledge gaps hinder the application of research findings to broader land management goals. 
There is a lack of long-term, temporal monitoring data, which makes it difficult to track soil evolution 
and degradation trends under varying land use and climate conditions. Research also tends to focus 
heavily on surface horizons, with less attention to subsoil layers that are essential for root development, 
water storage, and nutrient dynamics. Furthermore, few studies integrate socioeconomic data – such as 
land tenure, labor availability, or farmer preferences – into soil assessments, limiting the practical applic-
ability of findings for land use planning.

The current use of pedotransfer functions (PTFs) in the region is also limited. Locally calibrated PTFs 
that can reliably predict key soil properties such as bulk density, hydraulic conductivity, or cation ex-
change capacity from basic measurements are urgently needed to support digital soil models. In addi-
tion, most pedological studies emphasize chemical and physical properties, with minimal attention to 
biological indicators like microbial biomass or faunal activity, which are increasingly recognized as crit-
ical for evaluating soil health and ecosystem services.

Looking ahead, future research should focus on establishing long-term soil monitoring networks across 
the whole soil catena and different land uses. This would enable more dynamic assessment of soil degrad-
ation, nutrient cycling, and climate interactions. There is also a need to expand hydropedological invest-
igations, particularly in lower slope areas where seasonal water saturation influences redox processes and 
pedogenesis. a more integrated research approach combining soil science with social science is needed 
to develop more context-specific, farmer-oriented land management strategies.

Collaboration among universities, research institutions, and extension agencies is vital for data sharing 
and methodological standardization. Investments in open-source platforms and training in digital soil 
tools such as QGIS, SoilGrids, and R-based spatial packages can enhance local capacity and reduce reli-
ance on proprietary systems. Finally, participatory mapping initiatives that engage local farmers in soil 
description and landscape assessment can improve the accuracy of digital models and foster A culture of 
sustainable land stewardship.

By bridging these gaps, future research can more effectively support soil conservation, sustainable agri-
culture, and resilience-building in the sloped Alfisol landscapes of Ekiti State and similar tropical re-
gions.

8. CONCLUSION

The complex interaction of pedogenic processes and geomorphic controls in sloping landscapes of Ekiti 
State significantly influences the formation, classification, fertility, and management of Alfisols. This re-
view highlights how topographic position dictates the spatial variability of soil properties through mech-
anisms such as erosion, deposition, eluviation, illuviation, and lateral nutrient redistribution. Alfisols oc-
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curring on upper slopes are typically less developed, more erosion-prone, and chemically depleted, while 
those on lower slopes benefit from depositional enrichment but may face challenges of poor drainage 
and structural instability.

Despite their inherent fertility, Alfisols remain vulnerable to degradation under the pressures of intens-
ive cultivation, deforestation, and climate variability, especially when slope position is neglected by land 
management. The review reveals that topography-based land evaluation and site-specific soil manage-
ment strategies are critical to ensuring sustainable use of these agricultural areas. The integration of di-
gital soil mapping techniques, terrain modeling, remote sensing, and geostatistical tools has enhanced 
soil spatial prediction capacity, offering valuable insights into soil-landscape relationships.

Nevertheless, several gaps persist, including the lack of long-term monitoring data, underrepresenta-
tion of subsoil processes, limited use of biological indicators, and the need for localized pedotransfer 
functions. Bridging these gaps will require interdisciplinary research that combines geospatial tools with 
traditional soil science, participatory methods, and socio-economic considerations.

To sustainably manage sloped Alfisol terrains in Ekiti and other tropical regions, future research must 
embrace a landscape-level approach. This includes establishing permanent monitoring sites, integrating 
hydropedological studies, building capacity in digital tools, and enhancing farmer engagement. Only 
through such integrative strategies the scientific understanding and practical management of pedogeo-
morphic dynamics in tropical upland environments can succeed.
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