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Abstract:
Soil degradation due to erosion and unsustainable land use practices presents a critical threat to
construction productivity, environmental stability, agricultural productivity and food security in
Nigeria. This paper presents an integrative review of soil characteristics, erosion types, and
mechanical soil conservation methods from an engineering perspective. Emphasis is placed on
structural interventions such as contour bunding, terracing, and flumes, and their empirical
effectiveness in mitigating erosion across various Nigerian ecological zones. The study
incorporates simulation modeling tools including USLE and SLEMSA to evaluate erosion risk
and proposes a model for optimizing waste utilization from institutions such as the Federal
Polytechnic Oko, Anambra State. The findings advocate for engineering-based soil management
strategies supported by remote sensing and geospatial technologies for sustainable land
development.
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1. Introduction
Soil is a critical component of terrestrial ecosystems and serves as the foundational medium for
construction and agricultural production. Its conservation is vital to sustaining human life,
ecosystem health, and economic development. In Nigeria, soil degradation has escalated due to
intensified land use, deforestation, poor agronomic practices, and poor infrastructural expansion.
The need for engineering-oriented soil conservation strategies is more pressing than ever, at least
to help boost the economy of the nation and create employment to the teeming youths.

School campuses are “micro-countries” or communities on its own, with its level of
opportunities and challenges. In terms of soil conservation and erosion control within the school
environment, it is a major problem in the host state Anambra, as there are over 50 active erosion
sites in the state and Oko where the school is situated is left out. So, there is need to coffer
solutions to these problem so as to save land to both agricultural use and infrastructural
development within the school community.
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2. Soil considerations
Soil Characteristics and Engineering Considerations
Understanding soil properties is essential for the design and implementation of erosion control
structures. Key geotechnical properties include:
 Soil Texture and Grain Size Distribution: Determined through mechanical (sieve and

hydrometer) analysis. Influences infiltration capacity, permeability, and cohesion.
 Soil Consistency: A function of Atterberg limits and plasticity index, which informs the

structural behavior of soils under varying moisture conditions.
 Soil Structure: Arrangement of aggregates and pore space affects water retention and

shear strength.
Soil Colour: Indicative of drainage conditions and mineral composition, relevant to site
suitability assessment.

Classification and Dynamics of Soil Erosion
Erosion is defined as the detachment and transportation of soil particles by exogenous forces
such as water and wind. Engineering studies categorize erosion as follows:
 Sheet Erosion: Uniform removal of surface soil, often undetected until severe depletion

occurs.
Rill and Gully Erosion: Formation of small channels that evolve into deep gullies,
impacting agricultural land usability.

 Bank Erosion: Instability of stream banks due to lateral hydraulic forces.
 Wind Erosion: Predominant in arid zones with sandy soil profiles.
 Tillage-Induced Erosion: Mechanical disruption of soil aggregates facilitating runoff.

Figure 1: Proportion of Erosion Types in Nigeria.

There are Engineering Interventions for Soil Conservation such as Contour Bunding: Earthen
embankments constructed along contour lines to reduce runoff velocity and promote infiltration.
Designed using hydrological data and slope gradient analysis.

Terracing Systems:
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- Bench Terraces: Stepped platforms on steep slopes, promoting rainwater harvesting.
- Broad-Based and Narrow-Based Terraces: Adapted for different rainfall regimes.
- Channel Terraces: Serve dual function of water conveyance and sediment deposition.

Contour Trenching: Excavated channels aligned perpendicular to the slope, integrated with
reforestation schemes for slope stabilization.
Hydraulic Structures:
- Flumes: Engineered channels for safe water discharge, constructed with reinforced

concrete or HDPE.
- Detention and Debris Dams: Control runoff volume and sediment transport. Structural

design based on catchment hydrology.

Earthmoving Techniques:
- Bulldozing and Land Grading: Used to reshape unstable terrain and promote controlled

drainage.
- Infilling: Rehabilitation of tunnel gullies through compacted backfilling.

Furrows and Graded Banks:
Engineered diversion channels that reduce sheet flow and guide runoff into vegetated waterways.

3. Modern Approaches to Soil Conservation
3.1 Geospatial Technologies
Remote sensing, GIS, and simulation models (USLE, SLEMSA) support spatial erosion risk
assessment and land-use planning.

3.2 Universal Soil Loss Equation (USLE)
A = RKLSCP, where A = Computed soil loss (tons/acre/year), R = Rainfall-runoff erosivity
factor, K = Soil erodibility factor, L = Slope length factor, S = Slope steepness factor, C =
Cover-management factor, P = Support practice factor

4. Methodology
This study employed a qualitative and technical synthesis approach to assess the engineering
methods used for soil conservation in Nigeria. The methodology includes:
1. Literature Review and Meta-Analysis:
A comprehensive review of existing scientific publications, case studies, and field evaluations
was conducted, focusing on soil conservation strategies in various Nigerian agro-ecological
zones. Sources include peer-reviewed journals, government and NGO reports, and field data
from institutions such as the Federal Polytechnic Oko, Anambra State and neighboring
communities like Ekwulobia, Nanka etc where there are existing erosion sites.

2. Case Selection and Evaluation Criteria:
Selected case studies (e.g., Mokwa, Oshogbo, Anambra-Enugu corridor) were evaluated based
on:
Type of mechanical intervention (e.g., terracing, contour bunding)



Integrated Engineering Approaches for Soil Conservation and Erosion Management in Nigeria School Campuses: A Case
Study for Federal Polytechnic Oko

Cite this article as:
Eleke, C.N. et al. (2025). Integrated Engineering Approaches for Soil Conservation and Erosion Management in

Nigeria School Campuses: A Case Study for Federal Polytechnic Oko. International Journal of Science and
Engineering and Technology (IJSE), 1(2) 1-7.

4

- Geographic and climatic conditions
- Erosion intensity and soil type
- Measured or estimated effectiveness (e.g., sediment retention, slope stabilization)

3. Engineering Technique Assessment:
Each soil conservation method was assessed using:
- Hydrological and geomorphological parameters, including slope gradient and infiltration

capacity
- Design and layout specifications drawn from civil engineering standards
- Field effectiveness as reported in empirical studies

4. Application of USLE:
The Universal Soil Loss Equation (USLE) was utilized to model soil erosion risk under different
land use scenarios. Data for model inputs (R, K, L, S, C, P) were derived from literature and
Nigerian soil databases. A = RKLSCP, where A = Computed soil loss (tons/acre/year), R =
Rainfall-runoff erosivity factor, K = Soil erodibility factor, L = Slope length factor, S = Slope
steepness factor, C = Cover-management factor, P = Support practice factor. This helped
compare pre- and post-conservation soil loss estimates.

5. Proposed Institutional Waste Model:
A pilot model was conceptualized for the Federal Polytechnic Oko, Anambra state. The
methodology includes:
- Waste stream analysis through observational and secondary data
- Mapping composting potential using biomass composition
- Integrating compost into farmland management via soil enrichment trials and erosion

buffer planting

6. Data Visualization and Table Construction:
Two comparative tables were generated to illustrate:
- The field performance of conservation techniques
- The effectiveness of engineering controls on USLE parameters

5. Discussion
Adoption of engineering-based conservation systems requires interdisciplinary collaboration
among agronomists, civil engineers, environmental scientists, and policy makers. Empirical
studies across Nigerian states validate the cost-effectiveness and efficiency of terracing, bunding,
and other structural interventions. Integrated technologies such as GIS and remote sensing
enhance monitoring and predictive modeling.
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Table 1: Performance of Soil Conservation Techniques in Nigeria
Technique Location Reported Benefits Source
Contour Bunding Pankshin, Kanko Reduced runoff and

sediment yield
Longtau et al.

Bench Terracing Mokwa Reduced slope
length, enhanced
infiltration

Palmer

Vetiver Grass
Barriers

Oshogbo Stabilized soil and
trapped sediments

Kolade

Figure 2: Estimated Effectiveness of Soil Conservation Techniques.

Table 2: Summary of Erosion Reduction Using USLE Parameters

Parameter Affected Management Practice Expected Impact on Soil
Loss Reduction (%)

Slope Steepness (S) Bench Terracing 40–60%
Cover (C) Vegetative Barriers

(Vetiver)
30–50%

Runoff (R) Contour Bunding 20–35%
Support Practice (P) Furrows & Graded Banks 25–40%
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Figure 3: Impact of Management Practices on USLE Parameters

6. Conclusion and Recommendations
Soil conservation must transition from traditional agronomic techniques to advanced
engineering-based frameworks. Nationwide adoption of structural conservation methods,
supported by remote sensing technologies and institutional waste recycling models, can enhance
land productivity and ecological resilience.

Recommendations:
Enforce policy mandates on erosion control in development projects: State governments through
their different state houses of Assembly can enact laws on erosion control since lands are under
the control of the States, while the FG can act as the overseeing body through its Agency to
execute laws and enforce compliance. This will help in having more land for infrastructural
development and as well boost the economy of the country.

Checkmating Erosion: Engineers should be engaged by school management to prevent spots that
has showed signs of erosion and as well construct hydraulic structures to checkmate spots that
erosion has happened.

Train agricultural extension officers on conservation engineering: Agricultural extension officers
should be employed by schools and trained on Soil conservation methods to aid save land from
eroding and as well as have land available for agricultural use and infrastructural development.

Institutionalize School-community waste-to-soil-fertility programs: The School community
should institutionalize waste to soil fertility, especially plants and animal waste can be
transferred to soil mapped out for crop cultivation within the school environment, thereby
fertilizing the soil and saving cost of acquiring fertilizers outside the campus.
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