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Abstract

Understanding the distribution of soil physicochemical properties, micronutrients, and sesquioxide fractions is
critical for optimizing agricultural productivity in tropical soils. This study assessed the physicochemical character-
istics, micronutrient dynamics (Fe, Mn, Zn, Cu), and sesquioxide content of soils in Ekiti South-West, Nigeria,
using a graph-based analytical approach. Three representative soil profiles (ESW 1, ESW 2, ESW 3) were excavated
and described. Samples were collected from distinct horizons for laboratory analysis. Particle size distribution, pH,
organic carbon, available phosphorus, total exchangeable bases, and base saturation were determined using stand-
ard methods. Micronutrients were extracted with DTPA and quantified by atomic absorption spectrophotometry,
while Fe and Al sesquioxide fractions were measured using dithionite-citrate-bicarbonate and ammonium oxalate
extractions. Graphical analyses were employed to visualize vertical and lateral variations in soil properties. ESW 1
and ESW 2 were predominantly sandy loam with minimal clay translocation, whereas ESW 3 exhibited clay illuvi-
ation in subsurface horizons. pH ranged from slightly acidic to near neutral, with high base saturation across pro-
files. Micronutrients were enriched in surface horizons, with progressive declines at depth, especially for Zn and
Cu. Sesquioxide fractions correlated with micronutrient retention, reflecting pedogenic processes and tropical
weathering. Soil fertility in Ekiti South-West is strongly influenced by textural stability, organic matter, and sesqui-
oxide-mediated nutrient retention. Maintaining organic matter, targeted Zn and Cu supplementation, and phos-
phorus management are essential for sustaining productivity, particularly for deep-rooted crops. These findings
provide a framework for site-specific soil management and sustainable agriculture in tropical landscapes.
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INTRODUCTION

Tropical soils are characterized by intense chemical weathering, strong leaching regimes, and domin-
ance of secondary minerals such as iron and aluminum oxides, which collectively influence nutrient re-
tention, soil structure, and long-term fertility (Quantin & Becquer 2025, Alekseev et al. 2018). These
pedogenic conditions promote the accumulation of sesquioxides that regulate soil charge properties and
phosphorus fixation, while also controlling the bioavailability of essential micronutrients such as iron
(Fe), manganese (Mn), zinc (Zn), and copper (Cu). Consequently, the productivity of tropical agro-eco-
systems depends not only on macronutrient status but also on the interactions between texture, organic
matter, and oxide-dominated mineral fractions (Coward et al. 2017, Fan et al. 2019).

In humid tropical regions of West Africa, soils derived from Basement Complex rocks exhibit wide
variability in particle size distribution, acidity, organic matter content, and micronutrient dynamics due
to differences in topography, drainage, and land-use history (Fagbami & Ajayi 1990, Oyebiyi 2024).
These soils are commonly sandy to sandy loam in surface horizons but may develop clay-enriched sub-
surface horizons through eluviation-illuviation processes under sustained rainfall conditions (Iwara et
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al. 2022). Such vertical differentiation affects water-holding capacity, nutrient retention, and rooting
depth, thereby shaping crop performance and management requirements. However, many agricultural
soils in southwestern Nigeria remain constrained by declining organic matter, phosphorus fixation, and
micronutrient imbalances, particularly Zn and Cu deficiencies (Zhang et al. 2023, Lei et al. 2022).

Micronutrients play indispensable roles in enzymatic activity, redox regulation, and photosynthetic
processes in plants. Their availability in tropical soils is strongly controlled by organic matter complexes
and Fe-Al oxide surfaces, which act as both sinks and sources depending on soil pH and redox status
(Coward et al. 2017, Stallard 1988). Surface horizons generally exhibit higher micronutrient concentra-
tions due to biological cycling and residue inputs, whereas subsurface horizons often show progressive
depletion as a result of fixation within oxide-rich mineral matrices (Strahm et al. 2009). These depth-
dependent patterns have critical implications for deep-rooted crops and long-term soil fertility, particu-
larly under intensive cultivation systems.

Despite the recognized importance of physicochemical-micronutrient interactions, most soil studies
in southwestern Nigeria have relied predominantly on tabular presentations of data, which often obscure
vertical trends and interrelationships among soil properties (Akinola et al. 2021, Oyebiyi 2024). Graph-
based analytical approaches offer a powerful means of visualizing complex soil datasets, facilitating
clearer interpretation of horizon differentiation, nutrient gradients, and pedogenic controls (Lin et al.
2024). Such visual tools enhance the understanding of how texture, organic matter, base saturation, and
sesquioxide fractions jointly influence nutrient dynamics across soil profiles.

Ekiti South-West Local Government Area represents a typical humid tropical landscape where arable
farming is expanding under rainfed conditions. Yet, detailed assessments integrating particle size distri-
bution, chemical fertility indicators, and micronutrient status using graphical interpretation remain
scarce for this agro-ecological zone (Babatunde et al. 2025). Previous studies in related environments
have focused either on physical characterization or chemical fertility, with limited emphasis on how
these attributes co-vary along soil profiles (Fagbami & Ajayi 1990, Oyebiyi 2024). Furthermore, few stud-
ies have adopted a profile-based approach that links pedogenic processes such as clay illuviation and ses-
quioxide accumulation with micronutrient behavior in tropical soils.

This study addresses these gaps by applying a graph-based analytical framework to characterize the
physicochemical properties and micronutrient dynamics of soils in Ekiti South-West, Nigeria. By integ-
rating particle size distribution, chemical fertility indices, and DTPA-extractable micronutrients across
soil horizons, the study provides a clearer understanding of vertical nutrient gradients and their pedo-
genic controls. The novelty of this research lies in its combined use of profile-based soil characterization
and graphical trend analysis to interpret nutrient dynamics within oxide-dominated tropical soil sys-
tems, thereby offering improved insight for site-specific soil management and sustainable agriculture.

The specific objectives of this study were to: (i) Characterize the particle size distribution and chemical
properties of representative soil profiles in Ekiti South-West, Nigeria; (ii) Evaluate the depth-wise distri-
bution of Fe, Mn, Zn, and Cu in relation to soil physicochemical attributes, and (iii) Apply graph-based
analytical techniques to visualize and interpret vertical trends in soil properties and micronutrient dy-
namics.

MATERIALS AND METHODS

1. Study area

The study was conducted in Ekiti South-West (ESW) Local Government Area, Ekiti State, southwestern
Nigeria. The area lies within the humid tropical climate zone, characterized by bimodal rainfall distribu-
tion and means annual rainfall exceeding 1,200 mm. Geology is dominated by Precambrian Basement
Complex rocks, which strongly influence soil formation, mineralogy, and nutrient dynamics. Natural
vegetation is derived from savanna interspersed with secondary forest, while land use is predominantly
rainfed arable cropping (Akinola et al. 2021).
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2. Field sampling and soil profile description

Three representative soil profiles (ESW 1, ESW 2, and ESW 3) were excavated along contrasting land-
scape positions following standard pedological procedures. Each profile was described in situ for hori-
zonation, color, texture, structure, and drainage characteristics using FAO guidelines. Disturbed soil
samples were collected from identified horizons air-dried, gently crushed, and passed through a 2-mm
sieve prior to laboratory analysis.

3. Laboratory Analyses

Soil physical and chemical properties were determined for each horizon of the excavated profiles.
Particle size distribution (sand, silt, clay) was measured using the hydrometer method (Gee& Bauder
1979), and textural classes were assigned based on the USDA soil textural triangle. Bulk density was de-
termined using the core method, while soil moisture retention at field capacity and permanent wilting
point was measured to assess water-holding capacity. The silt-to-clay ratio was calculated to evaluate clay
illuviation and depositional trends across horizons.

Soil chemical properties were analyzed on air-dried, sieved (<2 mm) samples. Soil pH was measured in
a 1:2.5 soil-to-water suspension using a calibrated pH meter. Organic carbon (OC) was determined by
the Walkley-Black wet oxidation method, and organic matter (OM) was calculated as OC x 1.724. Total
nitrogen (N) was quantified using the Kjeldahl digestion method, while available phosphorus (P) was
extracted with Bray-1 solution and measured colorimetrically. Cation exchange capacity (CEC) and total
exchangeable bases (TEB) were determined using ammonium acetate extraction at pH 7, and base satur-
ation was calculated as the percentage of TEB relative to CEC (Farzana et al. 2025, Maiti 2012).

The combined assessment of physical and chemical properties enabled characterization of soil fertility,
moisture retention, and particle distribution, providing insights into pedogenic processes such as clay
illuviation, silt accumulation, and nutrient retention, which are essential for evaluating agricultural po-
tential.

4. Micronutrient Analysis

Micronutrients (Fe, Mn, Zn, and Cu) were extracted using the DTPA method (Lindsay & Norvell 1978)
and measured by atomic absorption spectrophotometry (AAS). Measurements were made for each hori-
zon to determine depth-wise distribution, with emphasis on identifying enrichment patterns and poten-
tial deficiencies.

5. Data Analysis

Descriptive statistics were used to summarize soil properties across profiles and horizons. Graph-based
analyses were employed to visualize vertical and lateral variations in physicochemical properties, mi-
cronutrient distribution, and sesquioxide fractions. Relationships among selected soil properties were
interpreted using graphical trends and comparative profile assessment.

RESULTS

Particle size distribution and textural characteristics

The ESW 1 soil profile is dominated by a loamy sand texture across horizons, with sand content de-
creasing gradually from 84.60% in the surface horizon to 78.60% in the Etii horizon. Clay content shows
a slight increase with depth, rising from 9.32% at the surface to 12.32% in the subsurface horizons, while
silt remains relatively low (Tab. 1).
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Table 1
Physical properties of the study area
Pedon Horizon Sand (%) Silt (%) Clay (%) Si:Cl Textural Class
O 84.60 6.08 9.32 0.65 Loamy sand
ESW 1 A 82.60 7.08 10.32 0.69 Loamy sand
Eti 82.60 5.08 12.32 0.41 Sandy loam
Etii 78.60 9.08 12.32 0.74 Sandy loam
@) 77.60 11.08 11.32 0.98 Sandy loam
A 78.60 9.08 12.32 0.74 Sandy loam
ESW 2 -
Bti 80.60 8.08 11.32 0.71 Sandy loam
Btii 77.60 8.08 14.32 0.56 Sandy loam
O 78.60 11.08 10.32 1.07 Sandy loam
A 74.60 13.08 12.32 1.06 Sandy loam
ESW 3
E 70.60 11.08 18.32 0.60 Sandy loam
B 69.60 6.08 24.32 0.25 Sandy clay loam

The silt-to-clay ratio (Si:Cl) is highest in horizon A (0.69) and exhibits only minor variation down the
profile, indicating limited differentiation among horizons, as illustrated in Figures 1 and 2. The ESW 2
profile exhibits a uniform sandy loam texture throughout the profile. Sand content ranges narrowly from
77.60% in the surface horizon to 80.60% in the Bti horizon, while clay content remains relatively stable,
varying between 11.32% and 14.32%. The Si:Cl ratio decreases progressively with depth, from 0.98 at the
surface to lower values in the subsurface horizons, reflecting a gradual increase in relative clay content.
In contrast, the ESW 3 profile shows greater vertical variability in particle size distribution. Surface hori-
zons are sandy loam, with sand content declining from 78.60% to 69.60% with depth. Clay content in-
creases markedly from 10.32% on the surface horizon to 24.32% on the B horizon, resulting in a textural
transition to sandy clay loam. Correspondingly, the Si:Cl ratio decreases sharply from 1.07 at the surface

to 0.25 in the
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Figure 2 Graphical representation of Si:Cl across ESW study area

Chemical properties of the soil profile

The ESW 1 profile exhibits a pH range from 5.93 in the surface horizon to 6.93 at depth, indicating
slightly acidic to near-neutral soil conditions (Figures 3 and 4). Organic carbon decreases sharply with
depth, from 2.44 g kg at the surface to 0.48 g kg™ in the Etii horizon. Available phosphorus is relatively
high in the surface horizon (32.00 mg kg™") but declines to 16.20 mg kg-1 at depth. Total exchangeable
bases decrease from 11.50 to 7.02 cmol kg down the profile, while base saturation remains consistently
high, ranging from 91.47% to 92.13%. In the ESW 2 profile, soil pH varies narrowly between 5.76 and
6.14, indicating slightly acidic conditions throughout. Organic carbon declines from 2.65 g kg in the
surface horizon to 0.92 g kg in the Btii horizon. Available phosphorus shows a marked decrease with
depth, from 54.90 mg kg at the surface to 9.50 mg kg™ in the subsurface. Total exchangeable bases range
from 8.98 to 6.69 cmol kg™, with base saturation values between 84.04% and 89.98%. The ESW 3 profile
records pH values ranging from 6.23 in the surface horizon to 6.81 in the subsurface, reflecting near-
neutral conditions. Organic carbon is highest at the surface (2.76 g kg"') and gradually decreases to 1.83
g kg in the B horizon. Available phosphorus declines sharply from 17.80 mg kg™ at the surface to 1.70
mg kg at depth. Total exchangeable bases range from 12.19 to 5.84 cmol kg, while base saturation re-
mains high, varying from 86.65% to 93.12%. (Tab. 2).
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Figure 4 Graphical chart of TEB, CEC and ESP across ESW study area

Micronutrient distribution

In the ESW 1 profile, iron (Fe) concentration is highest in the surface horizon (97.39 mg kg') and de-
creases progressively with depth to 51.90 mg kg™ in the Etii horizon. Manganese (Mn) follows a similar
trend, declining from 32.80 mg kg at the surface to 24.50 mg kg at depth. Zinc (Zn) content decreases
markedly from 12.28 mg kg™ in the O horizon to 6.21 mg kg in the subsurface horizons, while copper
(Cu) shows relatively high concentrations throughout the profile, ranging from 8.08 mg kg at the sur-
face to 4.50 mg kg™ at depth. The ESW 2 profile records the highest Fe concentration in the surface hori-
zon (101.09 mgkg™'), decreasing sharply to 48.92 mg kg™ in the Btii horizon. Manganese content declines
from 48.03 to 38.20 mg kg down the profile. Zinc exhibits a pronounced decrease with depth, from
12.82 mg kg at the surface to 5.40 mg kg™ in the subsurface horizons. Copper levels are consistently low
across the profile, ranging from 1.20 mg kg™ in the O horizon to 0.85 mg kg at depth. In the ESW 3
profile, Fe concentrations are the highest among the studied profiles, decreasing from 112.80 mg kg™ in
the surface horizon to 62.84 mg kg™ in the B horizon. Manganese content also declines with depth, from
52.40 to 35.60 mg kg'. Zinc levels are comparatively low, decreasing from 5.28 mg kg™ at the surface to
2.32 mg kg™ in the subsurface horizon. Copper concentrations range from 3.42 mg kg™ at the surface to
2.27 mg kg™ at depth (Figs. 5, 6) (Tab. 3).
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Table 3
Micronutrient Status of the Study Area 3 (Ekiti South West LGA) - ESW
Pedon Horizon Fe (mg/kg) Mn (mg/kg) Zn (mg/kg) Cu (mg/kg)
O 97.39 32.80 12.28 8.08
A 82.15 30.12 10.34 6.93
ESW 1 -
Eti 65.42 28.70 8.70 6.06
Etii 51.90 24.50 6.21 4.50
O 101.09 48.03 12.82 1.20
A 88.74 43.56 9.80 0.98
ESW 2 -
Bti 65.45 41.35 7.42 0.90
Btii 48.92 38.20 5.40 0.85
@) 112.80 52.40 5.28 3.42
A 98.75 47.24 4.12 3.18
ESW 3
E 77.61 41.03 2.59 2.75
B 62.84 35.60 2.32 2.27
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Figure 5 Graphical chart of Fe and Mn across ESW study area
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DISCUSSION

The results of this study reveal marked vertical variations in soil physical, chemical, and micronutrient
properties across the ESW profiles, reflecting the combined influence of pedogenic processes, parent ma-
terial, and organic matter dynamics. These variations provide important insights into soil fertility beha-
vior and nutrient retention mechanisms in oxide-dominated tropical soils.

1 Soil physical properties and pedogenic implications

The dominance of loamy sand and sandy loam textures in ESW 1 and ESW 2 profiles indicates weak
horizon differentiation and limited clay translocation. The relatively stable silt-to-clay (Si:Cl) ratios ob-
served down these profiles further suggest subdued eluviation-illuviation processes and morphogenetic
stability under well-drained conditions. Such textural uniformity is typical of soils formed on Basement
Complex rocks under moderate rainfall regimes, where rapid drainage limits prolonged clay movement
and horizon development (Juo & Franzluebbers 2003, de Oliveira et al. 2024). The prevalence of coarse
fractions promotes high permeability and aeration but reduces water-holding capacity and nutrient re-
tention, thereby predisposing these soils to leaching losses (Lin et al. 2024).

In contrast, the ESW 3 profile exhibits a pronounced increase in clay content with depth and a sharp
decline in Si:Cl ratio, indicating active clay illuviation and the development of a texturally differentiated
subsoil. This pattern reflects sustained downward translocation of fine particles under humid conditions
and aligns with classical models of tropical soil formation characterized by eluviation of surface horizons
and clay accumulation in subsurface horizons (Iwara et al. 2022). The emergence of a sandy clay loam
subsoil enhances moisture storage and root penetration depth, which may improve crop resilience dur-
ing short dry spells (Liu & Chen 2024). However, increased clay content may also promote phosphorus
fixation and micronutrient adsorption due to higher specific surface area and greater abundance of Fe—
Al oxides.

The contrasting physical characteristics among the profiles underscore the importance of landscape po-
sition and pedogenic intensity in controlling soil physical behavior. ESW 1 and ESW 2 represent relat-
ively youthful or morpho-genetically stable soils, whereas ESW 3 reflects more advanced pedogenesis.
Such variability has direct implications for land-use planning and soil management, as uniform manage-
ment practices may not be equally effective across soils with differing degrees of horizon development
(Fagbami & Ajayi 1990, Oyebiyi 2024).

2 Chemical fertility status and nutrient retention

Soil pH values across the ESW profiles ranged from slightly acidic to near-neutral, indicating chemic-
ally favorable conditions for most crops and for the availability of base-forming cations and micronutri-
ents. The consistently high base saturation values suggest dominance of exchangeable Ca*>" and Mg** and
limited depletion of basic cations despite the humid tropical climate. This pattern is characteristic of
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Basement Complex—derived soils in southwestern Nigeria, where weathering intensity is moderated by
parent material composition and periodic replenishment of bases from mineral weathering (Fagbami &
Ajayi 1990, Zhang et al. 2023).

Organic carbon exhibited a sharp decline with depth in all profiles, reflecting surface accumulation of
plant residues and microbial biomass and minimal downward transport of organic matter. This stratific-
ation is typical of cultivated tropical soils and strongly influences nutrient cycling and cation exchange
capacity (Strahm et al. 2009). Surface enrichment of organic matter enhances the retention of nutrients
through chelation and organo-mineral complexes, while subsurface horizons with lower organic carbon
exhibit reduced buffering capacity and greater susceptibility to nutrient fixation.

Available phosphorus displayed strong surface enrichment and pronounced depletion with depth
across all profiles. This pattern reflects biological recycling in surface horizons and progressive fixation
in subsurface horizons dominated by Fe-Al oxides. In highly weathered tropical soils, phosphorus mo-
bility is restricted by adsorption onto oxide surfaces and precipitation as insoluble compounds, resulting
in low subsoil availability (Fan et al. 2019, Lei et al. 2022). The particularly low phosphorus levels ob-
served in deeper horizons of ESW 3 are consistent with its higher clay content and more advanced pedo-
genic development, which increase the abundance of reactive mineral surfaces. These findings highlight
phosphorus as a critical limiting nutrient and emphasize the need for management strategies that ac-
count for depth-wise nutrient distribution.

The chemical fertility patterns observed in this study demonstrate that nutrient retention in Ekiti
South-West soils is governed by interactions among pH, organic matter, and oxide-dominated mineral
fractions. While near-neutral pH and high base saturation are favorable, the combined effects of low or-
ganic matter at depth and strong phosphorus fixation may constrain long-term productivity, particularly
for deep-rooted crops accessing nutrient-poor subsoil layers.

3 Micronutrient distribution and controlling factors

Micronutrient concentrations showed consistent surface enrichment across all profiles, with progress-
ive declines at depth. Iron and manganese exhibited the highest concentrations among the micronutri-
ents, reflecting intense tropical weathering and the dominance of sesquioxide phases in the soil matrix.
Surface enrichment of Fe and Mn is associated with organic matter complexes and biological cycling,
while their decline with depth reflects reduced organic inputs and increasing incorporation into mineral
structures (Coward et al. 2017, Stallard 1988). These elements are redox-sensitive and are often redistrib-
uted through oxidation-reduction reactions in surface horizons, further contributing to their accumula-
tion near the soil surface.

Zinc displayed steeper vertical gradients than Fe and Mn, particularly in ESW 2 and ESW 3, indicating
stronger dependence on organic matter and fine particles. Its reduced concentrations in subsurface ho-
rizons may reflect adsorption onto Fe-Al oxide surfaces or dilution effects resulting from lower organic
carbon content. Similar depth-dependent depletion of Zn has been reported in highly weathered tropical
soils, where strong fixation and low mobility limit its availability at depth (Iwara et al. 2022). The com-
paratively lower Zn values in ESW 3 suggest that more advanced pedogenic development intensifies mi-
cronutrient retention by oxide-rich fractions.

Copper exhibited profile-specific behavior, with relatively higher concentrations in ESW 1 and lower
levels in ESW 2. This variability suggests greater influence of parent material composition and organic
matter interactions than uniform pedogenic processes. Copper is known to form stable complexes with
organic matter and clay minerals, and its availability is sensitive to both soil pH and carbon status
(Malagon-Castro 1973, Coward et al. 2017). The low Cu levels in ESW 2 may therefore reflect limited
organic carbon and weaker complexation capacity, whereas higher values in ESW 1 may be linked to
localized enrichment of organic residues or parent material differences.

Opverall, the observed micronutrient patterns highlight strong horizon control over nutrient availability
in tropical soils. Surface horizons act as primary reservoirs of micronutrients due to biological cycling
and organic matter accumulation, whereas subsurface horizons are characterized by fixation within min-
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eral matrices. These findings have important implications for deep-rooted crops, which may encounter
micronutrient limitations despite adequate surface fertility.

4 Implications for soil fertility management

The results of this study demonstrate that soil fertility in Ekiti South-West is governed by surface or-
ganic matter status, textural characteristics, and sesquioxide-mediated nutrient retention. Maintenance
of organic matter through residue incorporation, compost application, and green manuring is essential
to sustain micronutrient availability and improve cation exchange capacity. Organic inputs not only sup-
ply nutrients directly but also enhance complexation of Zn and Cu, thereby reducing their fixation and
improving plant uptake (Coward et al. 2017, Strahm et al. 2009).

Targeted micronutrient supplementation is recommended, particularly for Zn and Cu, which exhibited
marked declines with depth. Fertilizer placement strategies should emphasize surface and root-zone ap-
plication to compensate for subsurface depletion. Phosphorus management should account for strong
fixation tendencies by combining mineral fertilizers with organic amendments or employing placement
techniques that reduce contact with reactive oxide surfaces (Fan et al., 2019; Lei et al., 2022). In clay-en-
riched soils such as ESW 3, management practices should focus on enhancing subsoil fertility through
organic matter translocation and deep placement of nutrients.

Soil conservation measures such as mulching and contour farming can further reduce nutrient losses
and sustain surface fertility by minimizing erosion and runoff. These strategies are particularly import-
ant for sandy profiles (ESW 1 and ESW 2), where rapid permeability increases susceptibility to leaching.
Collectively, these findings underscore the importance of integrating physical, chemical, and micronutri-
ent data in designing site-specific soil fertility management strategies for tropical agricultural systems.

CONCLUSION

This study revealed distinct vertical variations in texture, chemical fertility, and micronutrient status in
soils of Ekiti South-West, Nigeria, reflecting the influence of pedogenic processes and oxide-dominated
mineral systems. ESW 1 and ESW 2 profiles showed limited clay translocation, whereas ESW 3 exhibited
pronounced clay illuviation, enhancing subsoil moisture retention. Across all profiles, micronutrients
were concentrated in surface horizons and declined with depth, highlighting the role of organic matter
accumulation and Fe-Al oxides in nutrient dynamics. The application of a graph-based analytical ap-
proach improved visualization of soil property trends and strengthened interpretation of physicochem-
ical-micronutrient interactions. These findings provide a scientific basis for site-specific soil fertility
management in tropical environments.

Limitations of the study

Although this study provides important insights into soil physicochemical properties and micronutri-
ent dynamics, certain limitations must be acknowledged. The investigation was based on three represent-
ative soil profiles, which may not fully capture the spatial heterogeneity of soils across Ekiti South-West
Local Government Area. Tropical soils exhibit high variability due to differences in parent material, mi-
cro-topography, and land-use history; therefore, extrapolation of these findings to broader areas should
be undertaken with caution. In addition, the study focused primarily on vertical profile variation and did
not include extensive lateral sampling or geostatistical analysis, which could have strengthened spatial
interpretation.

Methodologically, micronutrients were assessed using the DTPA extraction method, which estimates
plant-available fractions but does not represent total elemental pools or the specific mineralogical forms
controlling micronutrient behavior. The influence of sesquioxides was inferred indirectly through physi-
cochemical relationships rather than through direct mineralogical characterization. Furthermore, the
study relied on laboratory measurements and did not incorporate plant uptake data or crop response
experiments, limiting direct agronomic validation of the observed nutrient patterns.

Future research directions

Future studies should expand sampling coverage by incorporating a greater number of soil profiles and
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surface samples across different landscape positions, land-use systems, and parent materials within Ekiti
South-West and adjoining agro-ecological zones. This would enable the application of geostatistical and
digital soil mapping approaches to better quantify spatial variability and generate predictive maps of soil
fertility and micronutrient status. Integration of terrain attributes, remote sensing data, and machine
learning algorithms would further improve the capacity to upscale profile-based observations.

Advanced mineralogical and spectroscopic techniques such as X-ray diffraction (XRD), scanning elec-
tron microscopy coupled with energy-dispersive spectroscopy (SEM-EDS), and selective dissolution
methods should be employed to directly characterize sesquioxide phases and their associations with mi-
cronutrients. Long-term field experiments linking soil micronutrient dynamics with crop response, nu-
trient uptake, and yield are also necessary to establish agronomic thresholds and fertilizer recommenda-
tions. Such integrative research will strengthen understanding of pedogenic controls on nutrient
availability and support the development of site-specific and sustainable soil management strategies for
tropical agricultural systems.
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