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ABSTRACT  

Soil erosion is a primary factor contributing to environmental deterioration in the 21st century. 

High erosion rates experienced in the Rwenzori highlands undermine the soils' capacity to sustain 

productivity once the soil loss tolerance threshold is surpassed. Erosion rates differ across different 

land uses and soil types, and how these variations relate to soil loss tolerance thresholds remains 

poorly understood in the region.  This study, therefore, aimed to assess the soil erosion tolerance 

thresholds of Ferralsols and Andosols under different agricultural land uses in the upper slopes of 

the Rwenzori highlands. Two case studies with the quasi-experimental research design were used 

in this research: one case study done in Kabarole on Andosols and the other in Kasese on Ferralsols, 

both under annual, woodland, grasslands, and perennial land use at slopes between 25% and 27%. 

Soil erosion rates were estimated using the RUSLE and measured using closed runoff plots. Runoff 

samples were collected after every rainfall event for 12 months. Soil loss tolerance thresholds were 

determined from a method developed by the USDA, which uses favourable rooting depth and bio-

physical soil properties (bulk density, soil erodibility, pH, organic carbon, and infiltration rate) 

linked to erosion. While using runoff plots, Andosols had the highest mean erosion rate in annual 

land use (14.21 ± 2.15 tha-1yr-1) at 26% slope and the lowest in woodlands (7.06 ± 3.78 tha-1yr-1) 

at 25% slope. Similarly, Ferralsols had the highest mean erosion rate in annual land use (8.50 ± 

1.26 tha-1yr-1) at 26% slope, and the lowest in woodlands (4.49 ± 2.05 tha1yr-1) at 27% slope. Mean 

erosion rates estimated with the RUSLE were highest in annuals under Andosols at 26% slope 

(78.33 ± 5.36 tha-1yr-1) and were lowest in woodlands under Ferralsols at 27% slope (2.52 ± 0.26 

tha-1yr-1). There are evident disparities between observed soil loss from runoff plots and 

estimations from the Revised Universal Soil Loss Equation (RUSLE). The average tolerance 

thresholds of Andosols were highest in grasslands (11.67 ± 1.29 tha-1yr-1) at 27% slope and lowest 

in annual (8.33 ± 1.29 tha-1yr-1) at 26% slope. For Ferralsols, the tolerance thresholds were highest 

(8.75 ± 1.37 tha-1yr-1) and lowest (6.25 ± 1.37 tha-1yr-1) in grasslands at 26% slope and perennials 

at 25% slope, respectively. Although annual land use was the only land use with soil erosion rates 

exceeding tolerance thresholds, grasslands, woodlands, and perennials are at risk of losing 

productivity due to the very small margin left for the erosion rates to exceed the tolerance 

thresholds. Thus, the soils in this study are vulnerable to degradation in the future. Therefore, there 

is a critical need to implement sustainable land management practices in order to curb degradation 

and prevent further soil erosion and future threshold exceedance.   
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CHAPTER ONE  

INTRODUCTION  

1.1 Background to the study  

Soil erosion is the process of soil removal, transportation, and deposition by physical forces such 

as wind and water (Ji et al., 2024 ). As a natural process, soil erosion occurs at low, negligible rates 

that are balanced by soil formation. However, rapid erosion caused due to human interference and 

actions has disrupted this equilibrium, leading to acute soil deterioration and a decline in 

agricultural produce worldwide (Ahmed et al., 2024; Evangelista et al., 2023; Nasir Ahmad et al., 

2024; Nearing et al., 2017; Negash et al., 2021; Quinton & Fiener, 2024; Zhai et al., 2024).   

Worldwide, erosion processes constitute the dominant mechanism driving terrestrial ecosystem 

deterioration, with water erosion making up 95% of all erosion (Borrelli et al., 2021). On average, 

approximately 17 tha-1 are lost annually to water erosion, negatively affecting over one billion 

hectares of land worldwide (Borrelli et al., 2017; Nasir Ahmad et al., 2024). Erosion depletes the 

topsoil of organic matter and required nutrients, undermining its capacity to sustain plant growth. 

Sartori et al. (2024) projected that by the year 2070, global primary production losses due to erosion 

could reach to up to 352 million tonnes, with associated economic losses estimated at 625 billion 

USD. Africa, in particular, is expected to bear the brunt of these losses, exacerbating food insecurity 

and economic vulnerability within the continent (Sartori et al., 2024).  

In Uganda, soil loss is a critical issue. The Rwenzori highlands, a region of significant ecological 

and agricultural importance, are hotspots for soil erosion rates which have been estimated to exceed 

100 tha-1 (Karamage et al., 2017). These high erosion rates not only threaten soil productivity and 

food security but also contribute to downstream environmental impacts, including fluvial sediment 

deposition in aquatic systems and loss of biodiversity (Asempah et al., 2024; Sartori et al., 2024). 

High erosion rates undermine the capacity of soils to maintain stable, sustainable productivity when 

a limit is exceeded; this limit is termed as the soil loss tolerance threshold (T-value). Soil loss 

tolerance thresholds describe the highest average rate of annual permissible soil erosion that allows 

for stable and sustainable soil productivity (Di Stefano et al., 2023; Ostovari et al., 2020).  Soil 

erosion tolerance is critical in understanding the sustainability of soil systems, as it provides a 

benchmark for evaluating whether erosion rates are within acceptable limits or if they pose a threat 

to soil health and the viability of agriculture (Di Stefano et al., 2023).  The concept of soil loss 
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tolerance (T-value) is a well-established mechanism for developing effective soil and water 

conservation strategies.   

Uganda’s soils are predominantly old and Ferralitic (Semalulu & Kaizzi, 2013), covering about 

75% of the land area and supporting the livelihoods of 68% of smallholder farmers. Therefore, 

sustainable agricultural production in the context of soil loss tolerance thresholds must be premised 

on a clear understanding of the soil's inherent capacity and resilience to stressors. Substantial 

evidence confirms that soil erosion is both widespread and increasing across Uganda, with 

approximately 39% of the country deemed prone to erosion (Karamage et. al., 2017). Consequently, 

there is a dire and pressing need to establish scientifically sound soil tolerance thresholds for 

Uganda. The average soil loss tolerance thresholds (T-values) in temperate regions have been 

estimated and generalised to range between 1 and 10 tha-1 irrespective of the soil type, land use and 

other factors (Ostovari et al., 2020).   

Soil loss tolerance thresholds are however dependent on soil type, climate, and land use, therefore, 

regions such as the tropics with distinct environmental and climatic characteristics from temperate 

regions cannot rely on the already established T-values (Ostovari et al., 2020). Estimated erosion 

rates in many regions, including the Rwenzori highlands, are very high and far exceed the European 

established tolerance thresholds, informing us of the potentiality of irreversible soil degradation 

and declining agricultural yields (Di Stefano et al., 2023).  The increasing erosion rates are largely 

attributed to anthropogenic activities, including shifts in land use patterns and practices of land 

management that are unsustainable (Kusiima et al., 2022; Negash et al., 2021).   

Land use significantly influences soil erosion rates, with variations caused by differences in 

vegetation cover, root density and distribution, litter fall, and management practices (Mohammed 

et al., 2020; Quinton & Fiener, 2024). However, land use is not the sole determinant of erosion 

susceptibility; soil type also serves a critical role in influencing the rates of soil loss (Nasir Ahmad 

et al., 2024; Negash et al., 2021). Erosion rates of soils vary depending on their properties, 

including organic content, texture, permeability, structure, and bulk density characteristics 

(Ahaneku et al., 2024; Ouyang et al., 2018; Zi et al., 2023). Soil types, though generally stable 

long-term, differ across locations, making localized studies necessary to evaluate their role in 

erosion rates and T-value relationships (Sartori et al., 2024).   

1.2 Statement of the problem  
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Research has revealed significant complexities, showing large variability in T-values even among 

similar soil types (Duan et. al., 2017). This indicates that applying a uniform tolerance standard 

across a soil type and region is inaccurate and ultimately undermines land use and management 

(Duan et. al., 2017). It is now widely recognised that soil loss tolerance thresholds must be assessed 

for each given soil type (Bhattacharyya et. al., 2011), as the approximate T-values used in many 

countries are not universally applicable to different agricultural soils, land uses, and slope gradients 

since they are originally established in American and European countries (Bhattacharyya et. al., 

2011; Duan et al., 2017).   

Studies done in Uganda have consistently shown erosion magnitudes that are likely beyond 

tolerable levels (Jiang et al., 2014; Lufafa et al., 2003; Majaliwa, 2005). However, a critical 

constraint is that the erosion rates reported in some studies (Karamage et al., 2017) are derived 

from models rather than empirical observations. Compounding this issue, the actual soil tolerance 

thresholds for Uganda's fragile ecosystems remain entirely unknown and are currently speculative.  

A generalised tolerance limit of 5 tha⁻¹yr⁻¹, intended for tropical soils in general, is routinely 

invoked in Ugandan soil erosion studies (Bamutaze, 2011; Lufafa et al., 2003; Luliro et al., 2013). 

However, the tropical region is highly heterogeneous, and the uncritical application of this single 

value across Uganda is problematic given the country's vivid variability in soil typology and 

ecological sensitivity. This generalised threshold is not based on a sensitivity understanding of 

Ugandan soils and their specific geographies and land uses, which renders it overly misleading. 

Therefore, establishing empirically derived, location-specific T-values is an essential prerequisite 

for effective and sustainable soil conservation in Uganda.   

1.3 Objectives of the study  

1.3.1 General objective  

To contribute to improved understanding of soil erosion tolerance thresholds in the Rwenzori 

highlands.  

1.3.2 Specific objectives  

The study's specific objectives were:  

1. To establish the variations in soil erosion rates from agricultural land uses on sites under 

Ferralsols and Andosols.  
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2. To determine the soil loss tolerance thresholds of Ferralsols and Andosols under different 

agricultural land uses.  

1.4 Hypotheses     

1. Soil erosion rates do not differ between Andosols and Ferralsols with similar land uses.  

2. Soil loss tolerance thresholds are the same in both Ferralsols and Andosols, irrespective of 

land use.  

    

1.5 Justification  

The importance of establishing scientifically-grounded soil loss tolerance (T-value) thresholds for 

Uganda’s diverse ecologies cannot be overstated, as this research forms a critical keystone for the 

nation’s sustainable development. Uganda’s developmental aspirations and its trajectory toward a 

middle-income country, as outlined in the Uganda Green Growth Agenda, are fundamentally 

premised on the protection of its natural capital, with soil being the most vital component of its 

land resources. This national commitment is further reinforced by Uganda’s role as a signatory to 

the United Nations 2030 Agenda, which specifically aims for a Land Degradation Neutral (LDN) 

world by 2030. The concept of LDN, which seeks to achieve no net loss of land-based natural 

capital, provides a powerful framework but requires precise, measurable indicators to move from 

ambition to action (Lal, 2019). It is precisely at this nexus of policy and implementation that the 

proposed initiative on developing T-values finds its urgent justification.  

The critical need for this research is highlighted by existing national policies that diagnose the 

problem of land degradation yet lack the specific scientific tools for targeted solutions. For 

instance, the National Policy for Disaster Preparedness and Management explicitly recognizes that 

over 60% of disasters in Uganda are soil-related, framing erosion as a primary national disaster 

risk. Similarly, the Uganda National Climate Change Policy serves as a key entry point for building 

smallholder resilience against threats like soil fertility reduction. However, without ecologically 

specific T-values to determine how much soil loss is tolerable, these policies cannot effectively 

prioritize interventions or quantitatively gauge their success. Therefore, this research directly 

addresses this operational gap by developing the baseline data required to transform broad policy 

goals into actionable, evidence-based strategies for land management.  
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Ultimately, by establishing these crucial thresholds, the research will have a profound synergistic 

effect, enabling Uganda to safeguard its agricultural foundation and secure its economic future. It 

will empower policymakers and farmers alike to prioritize conservation efforts in the most 

vulnerable areas, monitor the restoration of degraded soils, and objectively assess the impact of 

soil management practices. This work on T-values therefore provides the indispensable scientific 

foundation upon which the nation’s long-term food security, climate resilience, and sustainable 

development depend.  

    

CHAPTER TWO  

 LITERATURE REVIEW  

2.1 Soil as a resource  

Soil is a crucial component in the provision of biomass (food, fibre and energy) to man and animals 

with about 98% derived from soil (Kopittke et al., 2022). Soil is also responsible for ecosystem 

service regulation, support and functioning (Evangelista et al., 2023). Soil also plays a crucial role 

in nurturing healthy plant growth and development by providing nutrients, water, root development 

and favourable conditions that enhance plant growth (Quinton & Fiener, 2024). Soils provide 

numerous goods and services upon which the environment and life hugely depend for survival 

(Kopittke et al., 2022). Soil serves a vital function in regulating the global carbon cycle; it is the 

world's largest carbon sink, surpassing both vegetation and the atmosphere combined (Kopittke et 

al., 2022). The soil’s capacity to serve as a carbon sink is crucial in lowering atmospheric carbon 

dioxide levels, which contribute to global warming and climate change (Lal, 2004).  This ability of 

the soil resource emphasizes the need to protect and conserve it to ensure the continuity of the 

carbon regulation service and life sustainability (Evangelista et al., 2023; Kopittke et al., 2022; 

Pereira et al., 2018).  

Soil regulates and mitigates floods through its ability to percolate and soak in rain water 

(Evangelista et al., 2023). The porous nature of soil facilitates its ability to infiltrate water into the 

ground water reservoirs and also facilitates interflow of water into lentic and lotic systems 

(Evangelista et al., 2023). Not only does soil act as a channel for water flow but also acts as a water 

storage in the vadose zone through its cohesion and adhesion forces (Evangelista et al., 2023). Soil 

is a natural habitat for numerous organisms from which they derive their livelihoods, therefore, soil 
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has the capacity and ability to sustain life of organisms (Rosinger et al., 2025). Through this, soil 

promotes environmental biodiversity and ecosystem restoration (Pereira et al., 2018).  Soil protects 

organisms and the environment from contaminants through its ability to denature and breakdown 

contaminants, toxins, pollutants and heavy metals (Evangelista et al., 2023). Soil, being a habitat 

to many microorganisms that feed on sources of these pollutants, renders them immobile through 

ingestion.   

  

Additionally, the presence of clays and organic matter in soil that adsorb heavy metals purify and 

clear the environment of any pollutants (Evangelista et al., 2023). Increased pressure and 

dependence on soils for most of human needs leads to their excessive exploitation and misuse, 

subsequently impairing the soil’s ability to fulfil its functions resulting into degradation (Kopittke 

et al., 2022). Therefore, mismanagement of soil resources poses a great threat to their ability to 

perform all the necessary functions possibly to a point of no return (Evangelista et al., 2023). Soil 

resources are threatened by a number of processes including erosion, salinization, acidification, 

crusting, compaction and contamination, with soil erosion being reported as the most significant 

threat resulting into highest decline in crop productivity (Bayata, 2024; Sartori et al., 2024).  

Soil erosion is a growing global risk intensified by human activities. Natural soil erosion on its own 

is not a threat, however, accelerated or human- induced erosion is a rising major threat. Accelerated 

soil erosion constitutes a critical environmental hazard to ecosystem biodiversity, food production, 

soil fertility and eutrophication (Ahmed et al., 2024; Evangelista et al., 2023; Nasir Ahmad et al., 

2024; Negash et al., 2021; Quinton & Fiener, 2024; Zhai et al., 2024). Agents of soil erosion include 

water, wind, and tillage, among these, water-induced erosion impacts over one billion hectares 

globally (Borrelli et al., 2017; Nasir Ahmad et al., 2024). Worldwide, soil erosion on agricultural 

lands happens at approximately 17 tonnes per hectare each year, whereas soil formation happens 

at about 1 tonne per hectare per year. This inconsistency leads to ongoing soil depletion and 

progressive land degradation (Borrelli et al., 2017).  

  

2.2 Soil erosion  

2.2.1 The various forms and mechanisms of soil erosion  
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Soil erosion involves the removal and movement of soil particles from the surface layer of the 

pedosphere by natural forces and human activities, leading to the redistribution of sediments 

(Hacisalihoǧlu et al., 2006; Ji et al., 2024; Verheijen et al., 2009). Soil erosion takes several forms 

including erosion by water, erosion through tillage, wind erosion, and erosion during crop harvest. 

Among these, erosion by water is the most prevalent, accounting for up to 95% of global erosion 

(Borrelli et al., 2021; Quinton & Fiener, 2024; Verheijen et al., 2009).  

Water erosion causes soil particles to detach due to water movement (Quinton & Fiener, 2024).  

Rainfall droplets hit the topsoil, causing exposed soil to detach particles, the detached topsoil is 

then susceptible to movement and transportation by soil surface running water (Quinton & Fiener, 

2024). As a result of continuous and excess surface runoff occurring along drainage lines, rill, inter-

rill, sheet and gully erosion also take place (Verheijen et al., 2009). Tillage erosion is the form of 

erosion that occurs due to tillage practices (Yuan & Fan, 2024). It involves breakdown and 

detachment of soil particles through cultivation of land and tillage operations. This form of erosion 

typically occurs in regions where water erosion is minimal and least common where water erosion 

is most intense (Quinton & Fiener, 2024; Verheijen et al., 2009). Tillage erosion is highly 

influenced by the characteristics of the tools used, frequency of tillage operations, topography and 

soil structure (Yuan & Fan, 2024).  

Wind erosion refers to the process of soil particles being detached and removed by means of wind 

(Quinton & Fiener, 2024). This form of erosion is affected by wind speed, soil surface exposure 

and the stability of soil particles. Additionally, wind erosion is also influenced by slope, crop cover 

density, roughness of soil surface, sand and moisture content (Quinton & Fiener, 2024). Wind 

erosion is often experienced and more common in dry regions and semi-dry areas (Quinton & 

Fiener, 2024; Verheijen et al., 2009). Crop harvest erosion is defined as a form of soil loss that 

occurs during the reaping process of crops (Verheijen et al., 2009). Findings reveal that this form 

of erosion is more common during the harvest of root crops since the required food part of the plant 

in underground and covered in soil,  however, this form of erosion is also present in other types of 

crops when the whole plant is uprooted with soil and taken out of the field (Kuhwald et al., 2022).  

2.2.2 Factors influencing rates of soil erosion by water  

Rain-triggered erosion is influenced by climatic, natural, environmental, anthropogenic and 

pedologic factors (Sartori et al., 2024). Climatic factors affecting soil erosion include rainfall, 

natural factors include topography, anthropogenic factors include crop cover, land use and tillage 

practices and pedologic factors include soil vulnerability to erosion (Asempah et al., 2024; 

Hacisalihoǧlu et al., 2006; Verheijen et al., 2009). Rainfall influences erosion through several 
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aspects such as rainfall intensity, rainfall duration, amount of rainfall, terminal velocity, wind 

velocity, slope direction and size of rainfall droplets (Bellocchi & Diodato, 2020).  These aspects 

influence rainfall erosivity through soil particle separation, breakdown and transportation 

(Bellocchi & Diodato, 2020; Li et al., 2023). Understanding these rainfall characteristics provides 

a clearer insight into how rain affects soil erosion rates. For instance, high rainfall intensity with 

large rainfall droplets increases the kinetic energy of the droplets which increases  soil particle 

separation and soil erosion rates (Bellocchi & Diodato, 2020; Nasir Ahmad et al., 2024; Vaezi et 

al., 2017).  

Topography describes the nature of landscape, relief, land surface and slope of the area (Li et al., 

2023). Slope of an area is described by the slope gradient or steepness and the slope length Li et 

al., 2023). . Hacisalihoǧlu et al. (2006) and Setyawan et al. (2019) found out that erosion rates were 

higher on a 40% slope than on a 20% slope. Therefore, higher slopes lead to increased soil erosion 

rates as rainfall or water do not have enough time to infiltrate into the soil profile before being 

acted on by the force of gravity which causes it to flow and runoff downslope. In addition, Li et al. 

(2023) found out that soil erosion rates increase with an increase in slope length because as runoff 

goes down a longer slope, more soil mass and runoff volume is generated and built up down the 

slope.  

Soil erodibility is described as the susceptibility of soil to be eroded by erosion agents (Gupta et 

al., 2024; Yao et al., 2016). Soil erodibility is affected by the physical, chemical, and biological 

traits of soils. Physical aspects encompass particle size distribution, structure stability, organic 

matter content, consistency, and water permeability. Chemical factors include cation exchange 

capacity, soil chemistry, and clay mineralogy. Biological features involve macro and micro flora 

and fauna as well as their interactions (Bryan, 2000; Stanchi et al., 2015). Wang et al. (2016) stated 

that an increase in soil organic matter and water-stable aggregates leads to a reduction in soil 

erodibility. Soil organic matter increases the aggregation of soil particles, hence improving the soil 

structure and porosity, which improves water infiltration and percolation into the soil profile and 

therefore reduces soil erodibility (Wang et al., 2016).  

Soil texture describes the percentage of sand, silt, and clay content in soils; these components 

directly influence soil erodibility (Detamo Aga, 2020). Finer textured soils result in reduced water 

infiltration, which leads to increased runoff because finer textured soils have poor structure and 
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stability, which are easily broken down and eroded. Fine textured soils can easily fill soil pores and 

result in soil seals, therefore reducing water infiltration and causing runoff (Detamo Aga, 2020).  

Microorganisms present in soil secrete binding agents and mucilages that cause soil macro and 

micro aggregation (Bryan, 2000). Increased soil aggregate formation improves soil structure and 

water infiltration properties, which encourage water seepage and reduce soil erodibility and runoff 

occurrence (Bryan, 2000).  

Land cover influences the rates of soil erosion through interception of rainfall droplets and 

reduction in its intensity (Gao et al., 2020). The presence of vegetation on a soil surface reduces 

raindrop impact through interception which reduces soil particle disintegration and detachment. 

Additionally, vegetation reduces runoff velocity by creating barriers that slow down running water 

(Gao et al., 2020; Obiahu & Elias, 2020). In a study done by Obiahu & Elias (2020), areas covered 

in forests and grasslands experienced low soil erosion rates because of the interception provided 

by the constant stable vegetation cover. The presence of vegetation cover also implies the presence 

of roots, which physically bind soil particles together and also excrete chemicals and exudates that 

bind soil particles together improving soil particle aggregation and reducing soil erodibility (Meng 

et al., 2021).  

Tillage practices are usually done during the preparation of fields for crop sowing to ensure that 

the soil is favourable for seed germination and development (Chalise et al., 2020). Tillage practices 

result in movement, detachment, and breakdown of soil particles into smaller particles that can 

easily be transported by water. Tillage practices also bury surface vegetation, leaving the soil bare 

and exposing the soil surface, which increases its susceptibility to erosion and its agents (Lobb, 

2008). Depending on the form of tillage used, its influence on soil erosion varies. Conventional 

tillage, which involves the loosening and breaking of soil particles and burying of surface crop 

residue, results into high rates of soil erosion compared to the no-till practice which minimizes soil 

disturbance and retains the surface crop residue (Chalise et al., 2020; Lobb, 2008).  

Land use and land cover change have increasingly happened over the years, where natural forests 

are converted into agricultural lands through deforestation (Quinton & Fiener, 2024). Deforestation 

of land on steep slopes and converting it to arable land has increased the rates of soil erosion due 

to soil exposure to cultivation. Deforestation leads to a reduction of soil-root binding properties, 
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reduced vegetation cover, reduced litter fall and reduced soil organic carbon, all of which are 

characteristics that influence the rates of soil erosion (Khodadadi et al., 2021). Deforestation 

destroys the structural and physico-chemical properties of the soils, resulting into destabilization 

of soil particles and increased soil erosion rates (El Mazi et al., 2022). Overgrazing involves 

repeated heavy feeding of livestock on rangelands, grasslands, or vegetation for several years, 

resulting in decline in vegetation cover, production, vigour and biodiversity (Hacisalihoǧlu et al., 

2006). Overgrazing presents the risk of soil erosion by reducing vegetation cover and exposure of 

the soil surface. Soil surface exposure and reduced vegetation cover lead to increased soil particle 

breakdown and transportation by rainfall and other erosive agents (Hacisalihoǧlu et al., 2006; 

Kairis et al., 2015).  

  

2.2.3 Effects of soil erosion  

Effects of soil erosion manifest as both on-site (where soil has been lost) and off-site (where soil 

has been deposited) (Asempah et al., 2024; Nasir Ahmad et al., 2024). On-site effects include 

removal of topsoil, loss of soil fertility, disruption of ecosystem services and functioning, loss of 

biodiversity, and decline in agricultural production. Off-site effects include disruption of ecosystem 

services and functioning, nitrification, eutrophication, siltation, river braiding, and mudflow 

(Hacisalihoǧlu et al., 2006; Rawat et al., 2012; Sartori et al., 2024).  

Soil fertility is lost when the top fertile soils, clay, and organic matter are washed away (Asempah 

et al., 2024). Clay and organic matter are responsible for soil's ability through adsorption of 

nutrients and making them available for plant up-take. Organic matter further decomposes to 

release nutrients that are required for plant growth (Duressa et al., 2024). Loss of soil fertility results 

in reduced agricultural production since there are no nutrients in the soil available to support plant 

growth and development (Asempah et al., 2024; Duressa et al., 2024; Sartori et al., 2024; Verheijen 

et al., 2009).  

Soil erosion leads to the disruption of ecosystem services and functioning (Asempah et al., 2024). 

Soil erosion results in loss of organic and inorganic matter on which flora and fauna depend for 

their livelihoods; this loss leads to organism starvation and death. Death of flora and fauna results 

in loss of biodiversity and ecosystem dysfunction (Telo da Gama, 2023). Deposition of nutrients 
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in open waters results in the growth of vegetation and formation of algal blooms, which deplete 

water of oxygen, leading to loss of aquatic life (McDowell & Hamilton, 2013). Nutrification of 

aquatics refers to the excessive deposition of nitrogen, phosphorus and other nutrients into the 

water, leading to eutrophication and the formation of algal blooms (McDowell & Hamilton, 2013). 

Eutrophication is the increase in the amount of biomass in water ecosystems caused by an increase 

in soil and plant nutrients. An increase in biomass on the water surface leads to a reduction in light 

penetration into the water, resulting in reduced plankton growth and hence food deprivation for 

aquatic life (Akinnawo, 2023; Bhuyan et al., 2024; McDowell & Hamilton, 2013).  

2.2.4 Areas that are prone to erosion  

Soils undergo natural erosion; however, due to increased human populations and activities, soil 

erosion rates have increased over the years (Kusiima et al., 2022). Soil erosion rates vary 

temporally and spatially depending on the prevailing characteristics, for example, humid regions 

characterised by high rainfall intensities and amounts experience high soil erosion rates (Asempah 

et al., 2024). Mountainous regions are known to be among the most fragile ecosystems because of 

their unique characteristics, which include high relief, steep slopes, and high amounts of rainfall 

(Muhumuza & Byarugaba, 2009; Roller et al., 2012).  

The Rwenzori highlands are classified as humid tropical regions, with one of the major threats to 

the fertile topsoil being soil erosion (Ahmed et al., 2024). The Rwenzori highlands are susceptible 

to severe erosion due to the nature of their topography, high rainfall amounts, and poor land 

management practices (Negash et al., 2021). The highlands also have diverse land uses, which are 

characterized by canopy cover that varies temporally and spatially. The land in the highlands is 

also subjected to different land management practices, and differences in these characteristics 

demonstrate variations in soil erosion rates (Negash et al., 2021).  

  

2.3 Influence of land use on soil erosion  

2.3.1 Land uses and their characteristics  

Land use describes the arrangements, activities, usage and inputs humans undertake in a land cover 

type to produce, change or maintain it (FAO, 2024). Land cover is the observed physical cover on 
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the earth’s surface, including natural or planted vegetation and human constructions (FAO, 2024). 

Land use types include; croplands, forestlands, woodland, pasturelands, rangelands, grasslands, 

wetlands, and urban areas (FAO, 2024). The Rwenzori highlands are characterized by crop 

cultivation, animal husbandry, built-up areas, abandoned lands, wetlands, national parks, game 

reserves, forests, and woodlands (Ekesa et al., 2015).  

Crop cultivation is the growing of annual and perennial crops for consumption or for sale (Jacobs 

et al., 2016; Muhumuza & Byarugaba, 2009). Subsistence farming involves the growth of annual 

or perennial crops in small holdings for personal use, whereas commercial agriculture refers to 

farming activities carried out for the primary purpose of producing goods for sale (Nakakaawa et 

al., 2011). Annual land use is characterized by crops that grow, develop, and complete their life 

cycle in one year, whereas perennial land use is characterized by crops that grow, develop, and 

complete their life cycle in more than one year; both of these crops can be grown for either 

subsistence or commercial purposes (Tibasiima et al., 2023). Woodlands are characterised by trees 

covering at least 6% of the land area with aerial stems of at least 2 meters in height that persist for 

more than one season and can be comprised of deciduous, evergreen, or mixed vegetation. 

Grasslands are land areas dominated by native grasses with little or no woody tissue used primarily 

for pasture and grazing (FAO, 2002).   

2.3.2 Effects of different land uses on soil erosion rates  

Vegetation coverage on the soil surface significantly influences the control, prevention, and 

reduction of soil erosion rates through its roots, canopy, and litter fall (Hacisalihoǧlu et al., 2006). 

Numerous studies have consistently demonstrated that loss of vegetation cover and canopy, 

primarily caused by deforestation, overgrazing, bush burning, and crop harvest, leads to significant 

escalation in soil erosion rates (Mohammad & Adam, 2010). When soil is left bare and exposed to 

direct rainfall and other erosion agents, the natural structure of the soil is destabilised, and soil 

particles are broken down. Smaller soil particles clog soil pores, decreasing porosity and impairing 

the soil's capacity to absorb, percolate, and retain water, therefore increasing the rates of runoff and 

soil erosion (Hacisalihoǧlu et al., 2006).  

Forests, grasslands and woodlands tend to experience lower rates of soil loss (Mohammad & Adam, 

2010). This is because the canopy intercepts rain, slowing down the velocity of raindrops, thus 
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preventing them from directly hitting the soil. Rain droplets that are intercepted may even remain 

on the leaf surface or tree stem and evaporate without ever reaching the soil surface and exerting 

any pressure on the soil particles (Mohammad & Adam, 2010; Rawat et al., 2012). Forests play a 

crucial role in minimizing soil loss due to the abundant organic matter content in these ecosystems 

(Mohammad & Adam, 2010). Organic matter significantly contributes to improving soil structure, 

enhancing aggregate stability and reducing susceptibility to erosion,  organic matter also fosters 

increased porosity and water infiltration, leading to a decrease in runoff rates (Mohammad & 

Adam, 2010).  

Zi et al. (2023) reported that soils in forests are more prone to erosion than those in grasslands, this 

was attributed to the difference in root systems between the two types of vegetation. The fine roots 

of grasses in grasslands are better at increasing the stability of soil aggregates compared to the 

thicker roots of trees, roots also play a vital role in improving soil porosity and infiltration rates 

(Hacisalihoǧlu et al., 2006; Mohammad & Adam, 2010; Zi et al., 2023). Shrublands and areas 

covered in natural vegetation also have low rates of soil erosion due to the high amounts of organic 

matter and vegetation cover in these areas, the high organic matter content in these areas improves 

the stability of the soil aggregates, reducing soil detachment when raindrops hit the soil 

(Mohammad & Adam, 2010). The dense vegetation provides better protection for soil against 

raindrop impact, reducing soil erosion rates (Mohammad & Adam, 2010).  

Annual land use or lands that are continuously and frequently cultivated experience high levels of 

soil erosion due to the loss of vegetation cover, soil aggregate breakdown and exposure of soil 

particles to the direct impact of rain droplets (Hacisalihoǧlu et al., 2006; Mohammad & Adam, 

2010). Croplands characterised by annual crops were found to have higher soil loss rates than 

grasslands and forests which do not have tillage operations (Abdalla et al., 2020). Zi et al. (2023) 

found out that the erodibility of soil in croplands was higher than that in grasslands, forests, 

shrublands and plantations, this was attributed to the continuous disturbance of top soil in croplands 

and weeding done by the use of hoes.  

Croplands on slopes are particularly susceptible to soil erosion, as steep gradients and repeated 

tillage operations act synergistically to accelerate soil loss (Kumar Mishra & Mishra, 2017). 

Agricultural fields that are left unploughed and equipped with effective soil and water conservation 

measures experience very low soil loss rates due to the stability of the soil particles and the 
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protection provided by the vegetation canopy and reduced runoff velocity (Abrha et al., 2018). 

Annual land use is characterised by tilling of land and burying plant residues at the onset of rains 

to prepare the land for sowing, however, this increases the rates of soil erosion since the soil surface 

is exposed to heavy consistent rains (Rawat et al., 2012). Integration of perennial vegetation in land 

use practices has been proven to significantly reduce and manage soil erosion rates. This approach 

ensures continuous coverage of the soil, minimizing the impact of erosion agents (Kumar Mishra 

& Mishra, 2017).  

Type and formation of vegetation cover play a vital role in the interception of rainfall droplets, 

thereby influencing soil erosion rates (Mohammad & Adam, 2010). Broad-leaved vegetation has a 

greater impact on reducing the raindrop effect on soil, thus reducing soil loss rates as compared to 

narrow-leaved vegetation (Kumar Mishra & Mishra, 2017). According to a study done by 

Hacisalihoǧlu et al. (2006) in Turkey, cultivated land exhibited the greatest soil loss (42 t ha⁻¹ yr⁻¹), 

exceeding grassland erosion by 8-fold and forest erosion by 42-fold. The high soil erosion rate in 

grasslands was attributed to overgrazing, which led to soil surface exposure, direct impact of rain 

droplets, and easy soil particle detachment and transportation. Abrha et al. (2018) reported that 

grasslands, which had been overgrazed and had their vegetation cover reduced, had an erosion rate 

of 110 tha-1yr-1; the study showed that due to reduced vegetation cover and continued grazing, the 

soil surface was exposed to more disturbances by the livestock and this led to soil disintegration 

and formation of gullies which accelerated the soil erosion rates.  

  

2.4 Soil erosion in different soil types  

2.4.1 Soil types and their properties  

The Rwenzori highlands are comprised of a variety of soil types that vary with altitude (Lara et al., 

2013). Leptosols are the dominant soils in altitudes greater than 3300m above sea level; Leptosols 

and Ferralsols are the dominant soil types between 2000 and 3300m above sea level. Andosols, 

Nitisols, Leptosols, Fluvisols and Luvisols are dominant between 1000 and 2000m above sea level 

(Jacobs et al., 2016).  

Ferralsols are highly weathered soils typically found in the humid tropics. They are well-drained, 

with a sandy clay loam to sandy loam texture, a stable microstructure, and a distinctive red or 
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yellow coloration (WRB, 2022). Ferralsols are characterized by the dominance of low-activity 

kaolinite clays and a high content of sesquioxides (iron and aluminium oxides). Some of the major 

challenges associated with these soils are low pH and phosphorus fixation, which factors limit 

agricultural productivity (WRB, 2022).  

Andosols form from glass-rich volcanic ejecta in nearly any climate, or from other silicate-rich 

materials through acid weathering in humid and per-humid environments. These soils are usually 

dark coloured, found in volcanic regions, very fertile and face a problem of phosphorus fixation  

(WRB, 2022). Leptosols are characterised by very thin shallow soils rich in coarse fragments that 

overlie hard, continuous rock. They are characterised by rapid water percolation and low water 

retention capacity. These soils are usually found in medium to high altitudes of strongly eroding 

mountainous regions of all climatic zones (WRB, 2022).  

Nitisols are deep, productive, well-drained, reddish brown tropical soils containing at least 30 

percent clay and exhibiting a moderate to strong angular blocky structure. These soils are dominant 

on levelled and in hilly landscapes under tropical rainforest or savannah vegetation. These soils 

have good water drainage and a deep nature, which permits deep rooting, making these soils 

resistant to erosion. Nitisols are also rich in kaolinite and iron minerals (WRB, 2022). Fluvisols are 

fertile soils developed in fluvial, lacustrine, and marine deposits. These soils have a good natural 

fertility, are periodically flooded, have a weak horizon differentiation but a distinct topsoil horizon 

(WRB, 2022). Luvisols are fertile soils characterised by clay migration from the top soil to the 

subsoil layers, hence an argic subsoil horizon. These soils contain highly active clays with a high 

base saturation. Additionally, they have a high silt content, making them vulnerable to structure 

deterioration and erosion (WRB, 2022).  

2.4.2 Soil erosion rates in different soil types  

Soil types have varying properties that influence their nature and response to erosive forces and 

agents (Zi et al., 2023). Soil properties influence different soil aspects such as infiltration rate, soil 

particle detachment, soil particle transportation, water retention, and hydraulic conductivity, which 

influence soil erosion rates (Ouyang et al., 2018).  

Andosols have been found to have low soil erosion rates in undisturbed natural conditions of high 

vegetation cover, low erosive rainfall and low erodibility; however, with change in the soil’s land 
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use and management, several soil erosive properties are triggered, resulting into increased soil 

erosion rates (Rodriguez et al., 2002). In a study carried out by Rugendo et al. (2023), it was 

observed that Ferralsols had a significantly higher runoff and sediment loss than Nitisols. This was 

because the Ferralsols had a very fine, medium and coarse sub-angular blocky structure, which was 

weaker and porous; on the other hand, the Nitisols had a moderately strong coarse angular and sub-

angular blocky structure.  

The texture of a soil, which describes the composition of sand (coarse particles), silt and clay (fine 

particles) has a major effect on the infiltration rates of the soil (Vaezi et al., 2017). Infiltration rate 

is the speed at which water enters the soil. Infiltration in soils will take place until the soil is 

saturated; when this happens, water can no longer enter the soil and this can lead to runoff (Vaezi 

et al., 2017). Soils with a coarse texture, such as Ferralsols, tend to have higher infiltration rates, 

whereas fine-textured soils that have limited macro-porosity have low infiltration rates (Vaezi et 

al., 2017).  

Humic Nitisols, which are characterised by high clay content, tend to have high erosion rates, which 

are attributed to surface sealing which occurs when clay particles clog soil pores and block water 

infiltration into the soil (Ekwue & Harrilal, 2010; FAO, 2006; WRB, 2022; USDA, 2014). 

Additionally, Nitisols, which are well-aggregated soils are less eroded compared to Luvisols which 

are comprised of pulverized silts and very fine sands which are easily transported by water and 

easily eroded (Hacisalihoǧlu et al., 2006). Soil that is well aggregated and has water-stable 

aggregates has a low soil detachment capacity due to the fact that soil aggregates can resist 

separation when impacted by rain, hence resisting soil erosion (Zi et al., 2023). A high silt content 

improves soil structure and aggregate stability which makes the soil more resistant to erosive forces 

and agents (Descroix et al., 2001). Other studies also found out that soil erosion rates are higher in 

soils with low clay and organic carbon contents (Ma et al., 2023; Qu et al., 2023). The presence of 

clay and organic matter in a soil increases adhesive and cohesive forces between and within soil 

particles, hence increasing soil aggregate formation and stabilization and decreasing soil erodibility 

(Rugendo et al., 2023; Yao et al., 2023).  

Soil types such as Ferralsols and Nitisols that have a high clay, iron and or aluminium content have 

high soil aggregate stability which reduces the soil’s susceptibility to erosion (Hacisalihoǧlu et al., 

2006). On the other hand, soils with low clay content generate more run off due to weaker soil 
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aggregates. In a study done by Ekwue & Harrilal (2010), it was observed that soil erosion was 

greater in sandy loam than in clay and clay loam soils; the low erosion rates in the clay loam were 

attributed to the soil’s high infiltration rate. Ekwue & Harrilal (2010), also indicated that Histosols 

which are characterised by presence of peat have a low bulk density which increases infiltration 

and in turn decreases soil erosion rates. The high organic matter content in Phaeozems, Chernozems 

and Kastanozems plays a major role in influencing the rates of soil erosion; organic matter increases 

soil aggregation and improves structure stability, which reduce the soil erosion rates (WRB, 2022; 

Vaezi et al., 2017). Therefore, practices that reduce organic matter availability in soils, such as 

frequent tillage which exposes organic matter on the surface leading to its rapid decomposition, 

should be minimized.  

Bulk density also influences soil porosity and water infiltration, the higher the bulk density, the 

lower the porosity and this leads to reduced water infiltration and increased runoff and soil erosion 

(Vaezi et al., 2017). Increased bulk density can be caused by compaction from farm mechanization 

or over grazing with livestock (Nahib et al., 2024). Sodium Absorption Ratio (SAR), which is 

defined as the ratio of dissolved sodium to calcium and magnesium, is a soil property used to 

measure and estimate the amount of salinity in soils. High amounts of sodium in soil result into 

soil dispersion, which disrupts the formation of stable soil aggregates. And for this reason, soils 

with high sodium absorption ratios experience high erosion rates (Kimiaghalam et al., 2014).  

  

2.5 Soil loss tolerance thresholds (T-values)  

2.5.1 The framework for defining allowable soil erosion rates  

Soil loss tolerance threshold is a concept used in the description of the maximum soil loss that can 

still support the soil’s productivity (Di Stefano et al., 2023). Soil loss tolerance is the extent of soil 

erosion that allows the soil to maintain stable and sustainable fertility over time. Ostovari et al. 

(2020) described soil loss tolerance as the highest average annual soil loss allowed without 

impairing the soil's main functions, productivity. Li et al. (2009) suggested that soil loss tolerance 

is a concept used to evaluate the potential risk of soil erosion, productivity decline, and off-site 

damage. They highlighted that soil loss tolerance represents the maximum soil loss amount that 

does not harm or impact off-site productivity, such as water resources. Exceeding soil loss tolerance 

thresholds leads to ecosystem degradation (Di Stefano et al., 2023). Soil productivity decreases 
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when soil erosion outpaces both the rate of soil formation and the soil loss tolerance threshold; this 

imbalance in soil dynamics can lead to a range of detrimental outcomes, including diminished soil 

depth, decreased fertility and lower crop yields due to the depletion of essential nutrients (Chandel 

& Hadda, 2018).  

Excessive soil loss contributes to water pollution and sedimentation in reservoirs, thereby 

impacting overall aquatic health and functioning. It is crucial to address these issues to maintain 

the long-term productivity and sustainability of agricultural lands and natural resources (Di Stefano 

et al., 2023). It has been proven that soil loss tolerance thresholds vary based on factors such as 

soil type, soil depth, climatic conditions and land management practices (Chandel &  

Hadda, 2018; Chornyy, 2022). Quantifying soil loss tolerance is crucial for assessing soil quality 

and implementing effective soil erosion control measures and conservation practices (Di Stefano 

et al., 2023; Pretorius & Cooks, 1989). Soil erosion rates surpassing soil loss tolerance thresholds 

lead to significant land degradation, soil fertility decline, reduced crop production, increased 

accumulation of sediments in aquatic environments and decline in biodiversity and ecosystem 

functions. This is made worse considering that soil is a non-renewable resource that takes a very 

long time to regenerate (Mandal & Sharda, 2011).  

2.5.2 Approaches used to determine acceptable soil erosion thresholds  

Soil loss tolerance thresholds (T-values) have been assessed by different scholars using different 

methods. T-values can be estimated by use of soil formation rate, soil thickness, productivity index 

and guidelines of the USDA-NRCS methods (Lenka et al., 2014; Mandal & Sharda, 2011). The 

soil formation rate method uses the mass of weathered rock, mass of inorganic soil formed from 

the parent material, concentrations of elements in unweathered rock and soil and the removal rate 

of an element dissolved in runoff to estimate the tolerance thresholds (Li et al., 2009). Measuring 

different elements in rocks and soil is a complex task that is difficult to do accurately (Li et al., 

2009).  

The soil thickness approach utilises soil profile measurements to determine acceptable soil loss 

limits. This method was developed by Skidmore (1982) who used present, minimum allowable and 

optimum soil depths of a given soil at a given time and place to define soil loss tolerance. The 

method requires measurement of different soil depths, which is time-consuming and requires 

substantial financial resources. In addition, it only uses soil thickness (soil depth) as the only 

variable parameter to determine soil loss tolerance threshold, yet this is not the only indicator of 
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soil productivity (Duan et al., 2017). The soil productivity method uses present, lowest tolerable, 

and optimum soil productivity indices to estimate soil tolerance threshold (Li et al., 2009). This 

method is a modification of the soil thickness method, where soil productivity measurement is used 

instead of soil depth. The soil productivity index is calculable with the EPIC model which uses 

slope, soil bulk density and erosion rates (Li et al., 2009).  

The USDA Natural Resources Conservation Service (USDA-NRCS) guidelines use properties of 

the soil in the rooting zone and subsurface layers to estimate soil loss tolerance thresholds 

(USDANRCS, 1999). This method estimates soil loss tolerance threshold while taking into account 

soil properties that sustain plant growth, influence soil resilience, soil quality, water entry and 

transport in the soil (Lenka et al., 2014). The model estimates soil loss tolerance threshold based 

on biophysical soil properties and soil quality attributes related to the soil’s ability to resist soil 

erosion (Mandal & Sharda, 2011). This method requires measurement of many soil parameters, 

which is labour-intensive and time-consuming. These soil properties are used to assess the current 

state and overall performance of the soil (Bhattacharyya et al., 2008).    
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CHAPTER THREE  

MATERIALS AND METHODS  

  

3.1 Description of the study area  

3.1.1 Geographical Location  

The study was conducted in the western region of Uganda in the Rwenzori highlands, specifically 

in Kabarole and Kasese districts (Figure. 3.1), which have been documented to be severely prone 

to high erosion rates (Karamage et al., 2017). The study was done in Kaisamba, Bukukuru, 

Kyambogho and Kathulu villages.  
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Figure 3.1: Location of the study area.  

Kabarole District is bordered by Ntoroko, Kibaale, Kyenjojo, Kamwenge, Bunyangabu and 

Bundibugyo districts to the north, northeast, east, southeast, south and west, respectively. It is 

approximately 320 kilometres from Kampala, the capital city of Uganda (Nyakaisiki et al., 2019). 

Kasese district is located along the equator. It is bordered by Bunyangabu, Kamwenge and Rubirizi 

districts to the north, east, and south, respectively, and the Democratic Republic of Congo to the 

west (Mbabazi et al., 2023).  

3.1.2 Climate  

Kasese and Kabarole districts receive bimodal annual rainfall ranging from 1200 to 1500 mm in 

two seasons, with long rains received from March to May and short rains from October to 

December (Lara et al., 2013). The average monthly temperature of Kabarole district is 19˚C, with 

a range between 12 and 26˚C; the average annual temperature of Kasese district is 23˚C, with a 

range between 11 and 36°C (Lara et al., 2013). Kabarole and Kasese districts also face a problem 

of extreme rainfall patterns explained by El Niño Southern Oscillation, and this has been 

manifested as increased flooding of nearby rivers, especially in the wet season, causing transport 

disruptions, outbreaks of pests and diseases and prolonged dry seasons that lower crop yields 

(Nyakaisiki et al., 2019).  

3.1.3 Topography  

Kasese and Kabarole districts are characterised by very steep slopes ranging from 35% to greater 

than 150% in some of the regions, especially those in the Rwenzori ranges (Lara et al., 2013). Parts 

of the districts are characterised by the Albertine rift valley and the great lakes (Edward and 

George). Kabarole district is characterised by dormant volcanoes, though it occasionally 

experiences some seismic activity (Lara et al., 2013).  

3.1.4 Geology and Soils  

The study area comprises sedimentary bedrocks of Pre-Cambrian age (4570 – 541 million years 

old) in some regions, whereas other regions are comprised of younger rocks, being metamorphic 

and igneous in origin (Lara et al., 2013).  

Several soil mapping units including the Fort Portal series, Bubandi series, Saka series, Mulinda 

series, Kazo series, Kyanzabo series, Kyamatoma series, Kasese series and Nyakatonzi series have 
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been established and used to describe the soil characteristics in this region (Musis et al., 1960). 

According to the World Reference Base for Soil Resources classification system, (WRB, 2022; 

Jacobs et al., 2016) the Rwenzori highlands are characterised by Leptosols, Ferralsols, Andosols, 

Nitisols, Fluvisols and Luvisols (Figure 3.2).  

  

 

Figure 3.2: Soil types in Kabarole and Kasese districts, Rwenzori highlands  

  

Isabirye et al. (2004) and Semalulu and Kaizzi (2013) have also classified the soils in the Rwenzori 

region as Histic Andosols, Luvic Andosols, Leptic Andosols, Gleysols, Euric Gleysols, Histosols, 

Lixic Ferralsols, Acric Ferralsols, Vertisols, Luvisols and Dystric Regosols using the World 

Reference Base for Soil Resources.  
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The texture soils in high altitudes, above 3050m have been described as loams, sandy loams and 

clay loams derived from volcanic ash, whereas soils in the low altitude, below 3050m have been 

described as peaty loams and clay loams and clays. Soils around the lakes Edward and George are 

predominantly sandy clay loams and sandy clays (Lara et al., 2013).  

3.1.5 Hydrology  

The study area is comprised of two major lakes; Edward and George found in Kasese district. The 

major rivers in Kasese are Nyamwamba, Mubuku, Nyamusangani and Rukoki, which drain into L. 

Edward via the Kazinga channel that connects L. George to L. Edward. The major rivers found in 

Kabarole district include Mpanga, Nsonge, Mahoma and Dura, which drain into L. George. Several 

streams also emerge from the high altitudes of the Rwenzori ranges, feeding water into L.  

Edward and L. George (Lara et al., 2013).  

3.1.6 Vegetation and Land Use  

Natural vegetation in the Rwenzori highlands is classified into five distinct zones based on altitude. 

The afro-alpine moorland vegetation dominates the highest elevations, ranging from 4000 to 4500 

m. Between 3000 and 4000 m, the landscape is characterised by heather vegetation (UNESCO, 

2025). Bamboo vegetation thrives in the zone between 2500 and 3000 m, while montane forests 

cover the altitudinal range of 2000 to 3000 m. At the lower elevations, from 1000 to 2000 m, the 

region is predominantly covered by grasslands (UNESCO, 2025).  

The Rwenzori highlands have also been greatly influenced by human activities such as setting up 

of settlements, cultivation and grazing resulting into diverse vegetation and land use types. Several 

land uses, including woodlands and planted forests, grasslands and cultivated crops, are dominant 

in this region (Ekesa et al., 2015; Lara et al., 2013). The commonly cultivated crops are: Musa spp. 

(bananas), Coffea arabica (coffee), Manihot esculenta (cassava), Camellia sinensis (tea), Solanum 

lycopersicum (tomatoes), Pisum sativum (peas), Zea mays (maize), Phaseolus vulgaris (beans) and 

fruit trees.    

Methods  

3.2 Study design  

Two case studies with the quasi-experimental research design were used to assess the variations in 

soil erosion rates and to determine the soil loss tolerance thresholds of Ferralsols and Andosols 
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under different agricultural land uses. Case study one was done in Kabarole District and case study 

two was done in Kasese.  

Study one was conducted in Kabarole on Andosols (Figure 3.2). During the study period 

(December 2021 to November 2022) Kabarole received 1518 mm of total rainfall (Appendix 1.4). 

Four already existing land use types (annual, perennial, woodland, and grassland) on hilly slopes 

between 25% and 27% as classified by USDA were used (Table 3.1). Annual land use was 

comprised of maize (Zea mays) monocrop, perennial land use was comprised of Musa spp. 

(bananas) that are mulched with banana leaves and banana fibres, woodlands were comprised of 

planted Eucalyptus spp. (eucalyptus) trees of 2-3 years old with an average height of 4m and the 

grasslands for this study were comprised of native grasses in the regions that are often grazed by 

livestock.   

Table 3.1: Locational attributes of the land uses in Kabarole under Andosols.  

  °N   °E        

1   0.672455556   30.17244167   Annual   26   1727   

2   0.672436111   30.17256667   Annual   26   1724   

3   0.672563889   30.17259167   Annual   26   1729   

1   0.669183333   30.16880278   Perennial   25   1829   

2   0.669291667   30.16903611   Perennial   25   1823   

3   0.669552778   30.16908611   Perennial   25   1826   

1   0.669905556   30.16923611   Grassland   27   1818   

2   0.670033333   30.16920833   Grassland   27   1819   

3   0.670116667   30.16915278   Grassland   27   1822   

1   0.672452778   30.17292222   Woodland   25   1715   

2   0.672361111   30.17290278   Woodland   25   1714   

3   0.672413889   30.17301944   Woodland   25   1712   

Study two was conducted in Kasese on Ferralsols (Figure 3.2).  During the study period (December 

2021 to November 2022) Kasese received 996 mm of total rainfall (Appendix 1.4). Four already 

existing land use types (annual, perennial, woodland, and grassland) on hilly slopes between 25% 

and 27% as classified by USDA were used (Table 3.2). Annual land use was comprised of maize 

Runoff Plot   
Location   

Land use   Slope   ( % )   Altitude   ( m )   
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(Zea mays) monocrop, perennial land use was comprised of Musa spp. (bananas) that are mulched 

with banana leaves and banana fibres, woodlands were comprised of planted Eucalyptus spp. 

(eucalyptus) trees of 2-3 years old with an average height of 4m and the grasslands for this study 

were comprised of native grasses in the regions that are often grazed by livestock.   

Table 3.2: Locational attributes of the land uses in Kasese under Ferralsols.  

 
Slope  

Runoff Plot  Location  Land use  
%  Altitude  

  

   °N   °E         M   

  

1   0.221527778   29.99254722   Annual   26   1541   

2   0.221575   29.99254167   Annual   26   1541   

3   0.221583333   29.99255556   Annual   26   1540   

1   0.2191   29.99181667   Perennial     25   1580   

2   0.219169444   29.99182222   Perennial   25   1577   

3   0.219105556   29.99164444   Perennial   25   1578   

1   0.217519444   29.994   Grassland   26   1579   

2   0.217597222   29.99398611   Grassland   26   1576   

3   0.217558333   29.99403056   Grassland   26   1575   

1   0.21925   29.99460278   Woodland   27   1530   

2   0.219305556   29.99463333   Woodland   27   1527   

3   0.219211111   29.99471389   Woodland   27   1527   

    

3.3 Soil characterisation and sampling  

Digital soil maps downloaded from the Africa Soil Information Service (AfSIS)  

(https://www.isric.org/projects/africa-soil-information-service-afsis) were used to locate the target 

each study are for each soil types (Ferralsols and Andosols). Using the attained GPS locations from 

the maps, four representative soil profile pits were dug and used to describe and classify soils 

following FAO guidelines for soil description (FAO, 2006) and World reference base for soil 

resources (WRB, 2024), respectively (Appendix 1.1).   
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A total of 144 disturbed soil samples of about 1kg were collected from the top soil (0-30cm) and 

sub soil (30-60cm) of each runoff plot. Thirty-six (36) undisturbed core samples were also collected 

from each horizon of the soil profile pits. Laboratory analysis was conducted on the soil samples 

to examine their physical and chemical attributes such as texture, organic matter, pH, nitrogen, 

phosphorus, potassium, sodium and calcium content following procedures described in Okalebo et 

al. (2002).  

3.4 Assessing variations in soil erosion rates from agricultural land uses on sites under  

Ferralsols and Andosols (Objective 1)  

To assess soil erosion rates, this study employed two methods: direct field measurement and 

predictive modelling. Direct, observed rates were obtained from standardized runoff plots, which 

physically capture and quantify the soil lost from a defined area during rainfall events. These 

observed rates were then compared to indirect, estimated rates calculated using the Revised 

Universal Soil Loss Equation (RUSLE), a widely applied model that predicts average annual soil 

loss by integrating key factors: rainfall erosivity, soil erodibility, slope topography, land cover, and 

conservation practices (Boix-Fayos et al., 2006; Karamage et al., 2017).  

3.4.1 Runoff plots  

Soil erosion rates were measured using closed runoff plots. Twenty-four (24) runoff plots 

measuring 15m x 2m were constructed, representing four land uses (annual, perennial, woodland 

and grassland), two soil types (Ferralsols and Andosols), and three replicates. Iron sheets, divisors, 

bricks, cement, sand, water, steel rods, and rubber pipes were used to construct the runoff plots 

(Figure 3.3). A collecting tank at the end of the runoff plots was used to collect the runoff, which 

was used to quantify the soil erosion rates (Boix-Fayos et al., 2006).  

  

  

  



27  

  

  
  

Figure 3.3: Illustration (a) and picture before connecting the pipe to a collecting tank (b) of 

the runoff plots constructed in this study to evaluate soil erosion rates  

Data collection  

Runoff samples were collected from the collecting tanks of the runoff plots. The runoff plots were 

constructed with divisors that connected to the collecting tanks. Divisors were used due to the 

potential high rainfall events that result in large volumes of runoff that cannot be collected in the 

tank. The divisors were fabricated and calibrated to collect runoff; each runoff plot was constructed 

with two divisors, each of which had 5 outlets of the same length and diameter. Calibration was 

done in the laboratory by mixing a known mass of dry soil into a known volume of water. The 

solution was then discharged into the collection channel that led to the divisors and the collecting 

tank. The volume of runoff collected was then measured, and the solution filtered. The residue was 

oven-dried to determine the collected soil mass, while the filtrate was used to determine the volume 

of water collected. The measured soil and water volume collected was multiplied by 10 (total 

number of outlets as a divisor) and then compared to the known total mass discharged and volume. 

The divisors were considered accurately calibrated when the collected mass and volume 

  

  

  

  

  

  

  

  

  

  

2 m   

2 m   

Runoff collecting  
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consistently measured with ± 2 of the expected mass and volume. The runoff samples were 

collected from the runoff plots by a trained field assistant after every a rainfall event for a period 

of 12 months (from 1st December 2021 to 30th November 2022) and transported to the laboratory 

every 2 weeks. Measurements of runoff volume (litres), sediment concentration (g/l) and mass of 

dry soil (g) were made from each runoff plot.  

Data analysis  

Runoff samples were collected and taken to the laboratory for analysis. The volume of the samples 

was measured in a cylinder; samples were weighed on a weighing scale and filtered for separation. 

The residue was then oven-dried and weighed to get mass of dry soil (g); the mass of soil was used 

to quantify the soil erosion rates in tha-1yr-1. The mass of soil collected in the tank was subsequently 

multiplied by a factor of 10 to calculate the total estimated soil loss for the entire plot area. The 

data was subjected to a one-way analysis of variance (ANOVA) to compare variances across the 

land uses in the two soil types. Prior to using ANOVA, the basic assumptions of normality and 

homogeneity of variances were checked for using the Shapiro-Wilk test and the Levene’s test, 

respectively. Least significant difference (lsd) test and Tukey’s honestly significant difference post-

hoc tests were used to compare means of sample groups and identify pairs of group means that 

were significantly different from each other. Box-and-whisker plots were used to explore and 

visualise a summary of statistics, including quartiles, medians, non-outlier ranges and outliers. 

Descriptive statistical analyses covering means, standard deviation, coefficient of variation and 

ranges were also conducted. These statistical analyses were conducted using the R Statistical 

programming software package version 4.3.2 and Microsoft Excel since they provide extensive 

quantitative statistical and data manipulation capabilities and are easy to use.   

3.4.2 Revised Universal Soil Loss Equation, RUSLE  

The RUSLE model was employed as another method to estimate soil erosion rates in selected land 

uses and soil types in Kasese and Kabarole districts. The RUSLE equation estimates soil erosion 

rates as a product of five input factors, namely soil erodibility (K), land cover management factor 

(C), slope-length and steepness (LS), support practice factor (P) and rainfall erosivity (R) 

(Wischmeier & Smith, 1978) (Equation 1).  

A = K x C x LS x P x R …………………………………………………………….…. Equation 1  
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where A is the average soil erosion rate (tha-1yr-1); K is soil erodibility factor (Mg ha h ha-1 MJ-1 

mm-1); C is land cover management factor (dimensionless, ranging between 0 and 1); LS is slope 

length and steepness factor (dimensionless); P is support practice factor (dimensionless, ranging 

between 0 and 1); R is rainfall erosivity factor (MJ mm ha-1 h-1 yr-1 .   

  

Rainfall erosivity (R)  

Rainfall erosivity is the capacity of precipitation to induce soil erosion (Wang et al., 2024). Rainfall 

erosivity measures rainfall intensity and kinetic energy. Rain-drop size, distribution, terminal 

velocity, and rainfall duration influence the detachment of soil particles, their breakdown, and 

transportation, and therefore the rainfall erosivity (Wang et al., 2024).  

In this study, a method based on annual rainfall proposed by Sholagberu et al. (2016) was used 

because of its simple equation, wide application range in tropical regions, and the ease of obtaining 

data. Annual precipitation that was observed from the rainfall stations in Kasese and Kabarole from 

1st December 2021 to 30th November 2022 was used to estimate rainfall erosivity for the study, 

following the equation proposed by Sholagberu et al. (2016) (Equation 2).  

R = 0.0003 * P1.771……………………………………………………………….…… Equation 2  

where R is the rainfall erosivity, and P is annual precipitation  

  

  

  

Soil erodibility (K)  

Soil erodibility defines the soils’ susceptibility to erosion by water (Ahaneku et al., 2024). It 

assesses how quickly soil will erode when subjected to erosive agents. Several factors, including 

soil organic matter content, permeability, soil structure, particle size distribution, shear strength, 

bulk density, and porosity, influence soil erodibility (Ahaneku et al., 2024).   
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Top soil (0 – 30cm) samples collected from the field study sites were analysed for soil texture and 

soil organic carbon. These properties were used to estimate soil erodibility by applying equations 

3 to 7, as proposed by Williams and Renard (1983).  

K = fsand * fclay *fOC *fsilt * 0.1317 ………………………………………………. Equation 3  

where fsand =  …………………...…. Equation 4  

0.3 fclay =  

……………………………………………………...……Equation 5  

fOC =  …………………………………………... Equation 6  

fsilt =  ………………………….……Equation 7  

K is the erodibility factor; 0.1317 is the value used to convert the K factor from the 

American system to the metric International System of Units; Sand, silt, and clay are 

percentages of sand, silt, and clay in the top soil, respectively; and OC is the percentage 

organic carbon content in the topsoil.   

  

Slope length and steepness factor (LS)   

The combined slope length and steepness (LS) factor includes the S-factor, which assesses the 

influence of slope gradient, and the L-factor, which reflects the effect of slope length. Together, 

the LS factor illustrates how topography affects soil erosion (Bamutaze et al., 2021; Karamage et 

al., 2017; Ssewankambo et al., 2023).  

In this study, the slope lengths, together with the slope gradients of the of the runoff plots in the 

study sites were used to compute the LS factor. The slope length and gradient were used estimate 

the slope-length factor by applying equations 8 to 11, as proposed by Renard et al. (1997).  

 
L =  ……………………………………………………………………………. Equation 8  
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where L is the slope length factor and λ 

is slope length (ft)  

m ………………………...…..……………...…………………………. Equation 9  

 …………………………...…...…………………………. Equation 10  

S =  ………………………...………...……. Equation 11  

where S is the slope steepness factor and θ is the slope angle in degrees.  

  

Land cover management (C)  

The C factor measures the combined effect of all land cover, crops, and crop management practices 

in a land area on soil erosion rates (Karamage et al., 2017; Xiong et al., 2023).   

This study assigned C values to different land uses in the study sites (perennial, woodland, annual 

and grasslands) where runoff plots were constructed (Table 3.3) according to existing literature 

(David, 1988; Morgan, 2005; Wang et al., 2016).  

Table 3.3: C factors for different land uses (David, 1988; Morgan, 2005; Wang et al., 2016).  

 

Woodland  0.05  

Bananas (perennial)  0.20  

Maize (annual)  0.50  

Grassland  0.10  

 
  

Support practice factor (P)   

The support practice factor indicates how soil and water conservation methods, such as strip 

cropping, terracing, contouring, soil or stone bunding, and trenches, affect soil erosion rates 

Land Use   C value   
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(Bamutaze et al., 2021). Soil and water conservation efforts help protect soil and decrease the rate 

of soil erosion.   

The P factor values range from 0 to 1, with 1 representing minimal or no support practices and 0 

indicating efficient support practices (Wischmeier & Smith, 1978). In this study given that the 

slope angle was greater than 20%, and there were no substantial erosion control practices in the 

land uses at the study sites, a P value of 1 was considered.  

Annual Soil Loss (A) (tha-1yr-1)  

Soil erosion rates of the land uses in the study sites were estimated by multiplying the five factors 

i.e. soil erodibility (K), support practice factor (P), rainfall erosivity (R), land cover management 

factor (C) and slope length and steepness factor (LS) (Equation 12):  

A = K * P *R * C * LS…………………………………….……………………………Equation 12  

Data analysis  

The estimated erosion rates data was subjected to a one-way analysis of variance (ANOVA) to 

compare variances across the land uses in the two soil types. Prior to using ANOVA, the basic 

assumptions of normality and homogeneity of variances were checked for using the Shapiro-Wilk 

test and the Levene’s test, respectively. Least significant difference (LSD) test and Tukey’s 

honestly significant difference post-hoc tests were used to compare means of sample groups and 

identify pairs of group means that were significantly different from each other. Box-and-whisker 

plots were used to explore and visualise a summary of statistics, including quartiles, medians, 

nonoutlier ranges and outliers. Descriptive statistical analyses covering means, standard deviation, 

coefficient of variation and ranges were also conducted. These statistical analyses were conducted 

using the R Statistical programming software package version 4.3.2 and Microsoft Excel since they 

provide extensive quantitative statistical and data manipulation capabilities and are easy to use.  

  

3.5 Determining the soil loss tolerance thresholds of Ferralsols and Andosols under 

different agricultural land uses (Objective two)  

Data collection  
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A method developed by the USDA-NRCS (1999) was used to estimate the soil loss tolerance 

thresholds. This method estimates the tolerance thresholds using favourable rooting depth, 

biophysical soil properties, and soil quality attributes related to the soil’s capacity to prevent 

erosion (Mandal & Sharda, 2011). Five soil functions representing their impact on soil erosion were 

selected. These functions include promoting water entry and transfer, water retention, resistance to 

physical and biochemical degradation, and the capacity to support plant growth and ground stability 

cover (Chandel & Hadda, 2018; Lenka et al., 2014; Mandal & Sharda, 2011). Specific indicator 

soil properties were identified for each soil function; the soil functions were used to derive 

integrated indices based on weights for each selected indicator soil property (Lenka et al., 2014) 

(Table 3.4).  

Table 3.4: Indicators of each soil function with their corresponding weights (Lenka et al., 

2014).  

Function   Indicator   Weight   

Facilitate water entry and transfer   Infiltration rate   0.35   

Resist physical degradation   Soil erodibility   0.25   

Resist biochemical degradation   Organic carbon   0.15   

Sustain plant growth and ground cover   pH   0.15   

Water transport and retention   Bulk density   0.10   

Total score     1.00   

Soil augers and soil profile pits were used in each land use to determine the favourable rooting 

depth (Appendix 1.2). Favourable rooting depth is the depth of soil that is evident of root growth 

and permits unimpeded root development, with no restrictive layers limiting root growth (Lenka et 

al., 2014). Infiltration rate was measured in the field using the auger hole method. Forty-eight (48) 

soil samples were collected from the 0-30 cm depth of each land use, including disturbed and 

undisturbed samples. The disturbed soil samples were analysed for pH using a pH meter, organic 

carbon using loss on ignition method, texture using the hydrometer method, and soil erodibility 

was determined from particle size distribution while the undisturbed soil core samples were 

analysed for bulk density (Okalebo et al., 2002).  

Transformation of measured soil parameters  
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The measured soil parameters (infiltration rate, soil erodibility, soil organic carbon, pH and bulk 

density) were transformed into dimensionless scores of values between 0 and 1 using equations 13 

and 14 (Lenka et al., 2014).  

Equation 17 was used to transform infiltration rate, soil organic carbon and pH.   

q(xi) = [1/ (1 + {(xi – b1 – d1)/d1}2)] ………………………………………………......Equation 13  

where q(xi) is the individual membership function for the ith soil property x, x is the measured soil  

parameter, b1 = 3.0, d1 = 2.0  

Equation 18 was used to transform bulk density and soil erodibility.   

q(xi) = [1/ (1 + {(xi – b2 + d2)/d2}2)] ………………………………………………. Equation 14  

where q(xi) is the individual membership function for the ith soil property x, x is the measured soil  

parameter, b2 = 2.0, d2 = 1.0  

The transformed values were then multiplied by their respective weights (Table 3.4) and aggregated 

to quantify the state of soil (Q) for each soil using equation 15 (Lenka et al., 2014; Mandal & 

Sharda, 2011).   

Q = qirwir + qkwk + qbdwbd + qocwoc + qpHwpH…………………………………………. Equation 15  

where Q is the quantified state of the soil, qir is the rating for infiltration rate, qk is the rating for soil 

erodibility, qbd is the rating for bulk density, qoc is the rating for organic carbon, qpH is the 

rating for pH, wir is the weight for infiltration rate, wk is the weight for soil erodibility, wbd 

is the weight for bulk density, woc is the weight for organic carbon, and wpH is the weight 

for pH  

Using the quantified state of the soil (Q) and measured favourable rooting depth/soil depth, soil 

loss tolerance thresholds (T-values) were calculated based on values from Table 3.5 (Lenka et al., 

2014; Mandal & Sharda, 2011).  
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Table 3.5: Soil Loss Tolerance Thresholds based on soil depth and quantified soil state (Q) 

(Lenka et al., 2014).  

Annual Soil Loss Tolerance Threshold; T-values (tha-1yr-1)  

Soil depth (cm)   

 Group 1; Q < 0.33  Group 2; 0.33 < Q < 0.66  Group 3; Q > 0.66   

0 – 25   2.5   2.5   7.5   

25 – 50   2.5   5.0   7.5   

50 – 100   5.0   7.5   10.0   

100 – 150   7.5   10.0   12.5   

>150   12.5   12.5   12.5   

  

Data analysis  

The soil loss tolerance thresholds for different soil types and land uses was analysed using the 

Kruskal-Walli’s test, a non-parametric alternative to one-way ANOVA, as the data violated 

assumptions of normality and homogeneity of variance. The Kruskal-Wallis test accommodates 

the Dunn’s non-parametric post-hoc test at a 5% significant level which identifies statistically 

significant pairwise differences between group means. Differences between soil erosion rates and 

tolerance thresholds were calculated to assess the status of the soils. Multiple regression analysis 

was carried out to analyse the sensitivity of the parameters used to estimate soil tolerance rates. 

These statistical analyses were conducted using the R Statistical programming software package 

version 4.3.2 and Microsoft Excel since they provide extensive quantitative statistical and data 

manipulation capabilities and are easy to use.   

CHAPTER FOUR  

 RESULTS  

4.1 Soil erosion rates in Andosols and Ferralsols under four land uses (annual, perennial, 

grassland and woodland).  

4.1.1 Case study one on Andosols in Kabarole district, Rwenzori highlands (Objective 1)  

Soil physical and chemical properties: Generally, soils were mainly sandy loam, with high N levels 

(0.07 – 0.32%), fair amounts of soil organic matter (SOM) ranging from 1.2% - 4.8% and a pH 
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range of 5.1 – 7.2.  The soils were, however, found to have low levels (0.11 – 0.31cmol/kg and 1.0 

– 9.8mg/kg) of potassium and phosphorus respectively (Table 4.1).   

  

Table 4.1: Soil test results of samples collected from four land uses under Andosols 

(Kabarole district).  
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3   30 – 60   6.2   3.1   2.05   0.19   0.18   0.09   5.40   0.60   62   26   12   SandyClayLoam   
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4.1.2 Runoff and soil erosion rates in Andosols under four land uses (annual, perennial, 

grassland and woodland) in Kabarole district.  

The highest runoff volume was generally observed in the rainy seasons March to May (first rainy 

season) and September to November (second rainy season). Generally, the lowest runoff volumes 

were collected from woodlands and the highest from annual land use. Annual land use consistently 

yielded the highest runoff volumes and erosion rates, with distinct peaks observed in April (first 

rainy season) and October (second rainy season) (Fig. 4.1).   

  

Figure 4.1: Runoff (bar graph) and soil erosion rates (line graph) of Andosols in annual, 

woodland, grassland and perennial land uses.  

    

4.1.3 Soil erosion rates of Andosols under four land uses (annual, perennial, woodland and 

grassland) using runoff plots in Kabarole District.  
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The one-way ANOVA revealed that there was no significant effect of the land uses on soil erosion 

rates under Andosols. The mean soil erosion rates in annual land use were higher than the soil 

erosion rates in woodland, grasslands and perennial land uses in Andosols (Table 4.2). Annual land 

use had the highest mean soil erosion rate of (14.21 ± 2.15) tha-1yr-1 due to the tillage practices and 

soil surface exposure that characterised this land use in the study, whereas woodlands had the 

lowest mean soil erosion rate of (7.06 ± 3.78) tha-1yr-1 due to the constant vegetation cover and 

standing canopy in the land use that intercepts rainfall (Table 4.2).  

Table 4.2: The effect of land use on the soil erosion rates under Andosols in Kabarole 

district   

 

Land Use   

  

Mean ± SD   Range   Confidence interval  

(95%)   

 (t ha-1yr-1)    

Annual   14.21 ± 2.15   12.70 - 16.67   10.59 – 17.84   

Grassland   9.92 ± 2.86   7.32 - 12.98   0.83 – 9.42   

Perennial   8.03 ± 1.61   6.40 - 9.61   1.06 – 11.31   

Woodland   7.06 ± 3.78   3.18- 10.72      2.02– 12.27   

p value    0.0501    

LSD    5.13    

CV%    27.76    

LSD = Least Significant Difference; CV (%) = Coefficient of Variation.   

  

  

  

  

  

4.1.4 Estimated soil erosion rates of Andosols using the Revised Universal Soil Loss 

Equation in Kabarole district  
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While using the RUSLE, the one-way ANOVA revealed that there was a significant effect of the 

land uses on soil erosion rates under Andosols (Table 4.3). Tukey’s honestly significant difference 

(Tukey’s HSD) test at a 5% significant level and LSD test revealed that the mean estimated soil 

erosion rates in annual land use were significantly higher than the soil erosion rates in woodlands, 

grasslands and perennial land uses in Andosols (Table 4.3). Annual land use had the highest 

estimated mean soil erosion rate of (78.33 ± 5.36) tha-1yr-1, whereas grasslands had the lowest 

estimated mean soil erosion rate of (9.46 ± 1.01) tha-1yr-1 (Table 4.3).   

Table 4.3: Estimated soil erosion rates of land uses under Andosols in Kabarole district  

 

Land Use   

  

Mean ± SD   Range   Confidence interval  

(95%)   

 (t ha-1yr-1)    

Annual   78.33 ± 5.36a   72.22 – 82.30   73.87 – 82.78   

Grassland   9.46 ± 1.01c   8.87 – 10.63   62.57 – 75.16   

Perennial   37.63 ± 3.82b   34.47 – 41.87   34.40 – 47.00   

Woodland   10.90 ± 0.60c   10.50 – 11.59       61.13 – 73.72   

p value    <0.001    

LSD    6.30    

CV%    9.81    

Means within a column followed by different superscript letters are different from each other as 

revealed by Tukey’s HSD and lsd post-hoc tests, lsd = least significant difference; CV (%) = 

Coefficient of variation.   

  

  

  

  

4.1.5 Case study two on Ferralsols in Kasese district, Rwenzori highlands (Objective 1) Soil 

physical and chemical properties: Generally, soils were mainly sandy clay loam, with high N levels 
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(0.07 – 0.31), fair amounts of soil organic matter (SOM) ranging from 1.0% - 3.8% and a pH range 

of 4.5 – 7.4.  The soils were, however, found to have low levels (0.06 – 0.28cmol/kg and  

0.43 – 2.77mg/kg) of potassium and phosphorus, respectively (Table 4.4).   

  

Table 4.4: Soil test of soil samples collected from four land uses under Ferralsols in Kasese 

district.  
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4.1.6 Runoff and soil erosion rates in Ferralsols under four land uses (annual, perennial, 

grassland and woodland) in Kasese the Rwenzori highlands of Uganda  

High runoff volumes were collected in the first rainy season from January to March (Figure 4.2). 

Generally, the highest runoff volumes were observed in perennial and annual land uses, whereas 

the lowest runoff volumes were observed in woodlands (Figure 4.2). Similarly, the highest erosion 

rates were observed in the first rainy season. Annual land use recorded the highest soil erosion rates 

with the highest soil erosion rate was recorded in February, whereas woodlands recorded the lowest 

soil erosion rates (Figure 4.2).  
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Figure 4.2: Runoff (bar graph) and soil erosion rates (line graph) of Ferralsols in annual, 

woodland, grassland and perennial land uses.  

    

4.1.7 Soil erosion rates of Ferralsols under four land uses (annual, perennial, woodland and 

grassland) using runoff plots  

The one-way ANOVA revealed that there was no significant effect of land use on soil erosion rates 

under Ferralsols (Table 4.5). The mean soil erosion rates in annual land use were higher than the 

soil erosion rates in woodland, grasslands and perennial land uses in Ferralsols (Table 4.5). Annual 

land use had the highest mean soil erosion rate of (8.50 ± 1.26) tha-1yr-1 due to the till age practices 

and soil surface exposure that characterised this land use in the study, whereas woodlands had the 

lowest mean soil erosion rate of (4.49 ± 2.05) tha-1yr-1 due to the constant vegetation cover and 

standing canopy in the land use that intercepts rainfall (Table 4.5).  

Table 4.5: Effect of land use on the soil erosion rates under Ferralsols in the Rwenzori 

highlands  

Land Use   

  

Mean ±SD   Range  Confidence interval (95%)   

 (tha-1yr-1)    

Annual   8.50 ± 1.26   7.45 – 9.90   6.13 – 10.86   

Grassland   4.59 ± 1.34   3.18 – 5.85   0.55 – 7.25   

Perennial   6.11 ± 2.26   4.49 – 8.69   0.96 – 5.74   

Woodland   4.49 ± 2.05   2.16 – 6.01   0.66 – 7.34   

P value    0.078    

LSD    3.35    

CV%    30.06    

LSD = Least Significant Difference; CV (%) = Coefficient of Variation.   
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4.1.8 Estimated soil erosion rates of Ferralsols using the Revised Universal Soil Loss 

Equation  

While using the RUSLE, the one-way ANOVA revealed that there was a significant effect of the 

land uses on soil erosion rates under Ferralsols (Table 4.6). Tukey’s honestly significant difference 

(Tukey’s HSD) test at a 5% significant level and LSD test revealed that the mean estimated soil 

erosion rates in annual land use were significantly higher than the soil erosion rates in woodlands, 

grasslands and perennial land uses in Andosols (Table 4.6). Annual land use had the highest 

estimated mean soil erosion rate of (40.61 ± 5.57) tha-1yr-1 whereas woodlands had the lowest 

estimated mean soil erosion rate of (2.52 ± 0.26) tha-1yr-1 (Table 4.6).   

Table 4.6: Estimated soil erosion rates of land uses under Ferralsols in Kasese district  

 

Land Use   

  

Mean ± SD   Range   Confidence interval  

(95%)   

 (t ha-1yr-1)    

Annual   40.61 ± 5.57a   34.22 – 44.43   36.74 – 44.49   

Grassland   9.55 ± 0.20c   9.32 – 9.69   36.54 – 25.58   

Perennial   16.19 ± 1.65b   14.53 – 17.82   18.95 – 29.91   

Woodland   2.52 ± 0.26d   2.30 – 2.81       32.62 – 43.58   

p value    <0.001    

LSD    5.48    

CV%    16.91    

Means within a column followed by different superscript letters are different from each other as 

revealed by Tukey’s HSD and lsd post-hoc tests, lsd = least significant difference; CV (%) = 

Coefficient of variation.   
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4.2 Soil loss tolerance thresholds of Andosols and Ferralsols under four land uses (annual, 

perennial, woodland and grassland).  

4.2.1 Sensitivity analysis of the parameters used to measure soil loss tolerance thresholds.  

Multiple regression analysis was done to test for the sensitivity of the factors (bulk density, soil 

infiltration rate, soil erodibility, pH, organic carbon and rooting depth) that are used to compute the 

soil loss tolerance thresholds (Table 4.7). The models revealed that tolerance thresholds are most 

sensitive to rooting depth, and the linear model including all the parameters and rooting depth 

explained up to 69% of the T-values attained (Table 4.7). The models, including rooting depth, 

significantly (p<0.05) influenced the derivation of T-values in this study (Table 4.7). This however, 

also informs us that other factors that were not used and included in this study can be used to 

calculate the soil loss tolerance thresholds.  

Table 4.7: Sensitivity analysis of the soil properties and rooting depth on soil loss tolerance 

thresholds.  

Model   F-statistic   P value   Multiple R2   Adjusted R2   

Model 1   1.145   0.352   0.12   0.015   

Model 2   14.71   7.02e-09   0.683   0.637   

Model 3   10.38   3.43e-08   0.76   0.687   

Where; Model1 only uses soil properties (bulk density, infiltration rate, soil erodibility, pH and 

organic carbon), Model 2 only uses rooting depth and Model 3 uses both soil properties (bulk 

density, infiltration rate, soil erodibility, pH and organic carbon) and rooting depth.   
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4.2.2 Case study one on Andosols in Kabarole district, Rwenzori highlands (Objective 2). The 

Kruskal-Walli’s test revealed that there was a significant effect (p<0.05) of the land uses on soil 

loss tolerance thresholds under Andosols (Table 4.8). The Dunn’s post-hoc test revealed that 

woodlands and grasslands had the significantly highest tolerance thresholds in Andosols (Table 

4.8). Descriptive statistics to understand the risk of degradation the land uses have if the erosion 

rates exceed the soil loss tolerance thresholds were done. Annual land use was found to have 

erosion rates that exceed the tolerance thresholds; therefore, these soils are at risk of loss of 

productivity (Table 4.8). Even though woodlands, grasslands, and perennial land uses were found 

to have erosion rates less than the tolerance thresholds, their sustainably cannot be guaranteed due 

to the small margin of exceedance that is observed (Table 4.8).   

Table 4.8: Soil loss tolerance thresholds of Andosols under four land uses.   

Land Use  Tolerance threshold  Erosion rates   Risk of degradation  

Mean ± s.d   Mean ± s.d    

 

  (tha-1yr-1)     

Annual   8.33 ± 1.29a   14.21 ± 2.15   Yes   

Grassland   11.67 ± 1.29b   9.92 ± 2.86   No   

Perennial   8.75 ± 1.37ac   8.03 ± 1.61   No   

Woodland   11.25 ± 1.37bc   7.06 ± 3.78   No   

 Kruskal-Walli’s test; p-value = 0.0034 **    

Means within a column followed by different superscript letters are different from each other as 

revealed by Dunn’s post-hoc test, s.d = Standard Deviation   

  

  

  

  



48  

  

  

  

4.2.3 Case study two on Ferralsols in Kasese district, Rwenzori highlands (Objective 2).  

The Kruskal-Walli’s test indicated a significant difference (p<0.05) among land use types under 

Ferralsols (Table 4.9). However, Dunn’s post hoc test did not find any specific pairwise 

comparisons to be statistically significant. Grasslands were found to have the highest tolerance 

thresholds in Ferralsols of 8.75 ± 1.37 tha-1yr-1 (Table 4.9). Descriptive statistics used to assess the 

risk of degradation and loss of productivity revealed that annual land use had soil erosion rates 

exceeding the tolerance thresholds (Table 4.9). Although soil erosion rates in annual land use were 

the only ones exceeding the tolerance thresholds, the risk of the grasslands, woodlands and 

perennial land uses to lose productivity is close due to the very small margin left for the erosion 

rates to exceed the tolerance thresholds (Table 4.9).  

Table 4.9: Soil loss tolerance thresholds of Ferralsols under four land uses.  

 
Tolerance threshold  Erosion rates  

Land Use  Risk of degradation  

Mean ± s.d  Mean ± s.d   

 

Annual   6.67 ± 1.29ab   8.50 ± 1.26   Yes   

Grassland   8.75 ± 1.37a   4.59 ± 1.34   No   

Perennial   6.25 ± 1.37b   6.11 ± 2.26   No   

Woodland   8.33 ± 1.29ab   4.49 ± 2.05   No   

  Kruskal-Walli test; p-value = 0.0189 *    

Means within a column followed by different superscript letters are different from each other as  

revealed by Dunn’s post-hoc test, s.d = standard deviation    CHAPTER FIVE  

DISCUSSION  

5.1 Soil erosion rates of Andosols and Ferralsols under woodlands, grasslands, perennial 

and annual land uses  

The highest soil erosion rates measured in this study using runoff plots occurred in annual land use 

on Andosols (14.21 t ha-1 yr-1). In contrast, the lowest measured rates were observed in woodlands 

  ( tha 
- 1 

yr 
- 1 

)     
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on Ferralsols (4.49 t ha-1 yr-1). When expressed over the active six-month period of the two annual 

rainy seasons, these observed rates equate to approximately 31 kg acre-1 day-1 and 9.8 kg acre-1 

day-1 for annuals on Andosols and woodlands on Ferralsols, respectively. While using the Revised 

Universal Soil Loss Equation (RUSLE), soil loss rates estimated were substantially highest for 

annuals on Andosols (78.33 t ha-1 yr-1) and lowest for woodlands on Ferralsols (2.52 t ha-1 yr-1). 

Projected over the six-month rainy season in a year, these RUSLE estimates correspond to 

approximately 173.1 kg acre⁻1 day-1 and 5.6 kg acre-1 day-1, respectively. The disparity between 

observed soil loss from runoff plots and estimations from the Revised Universal Soil Loss Equation 

(RUSLE) highlights the inherent challenges in scaling empirical models to site-specific field 

measurements.  

A national-scale soil erosion risk assessment for Uganda by Karamage et al. (2017) utilised the 

RUSLE model to identify critical erosion hotspots. Their study estimated a national mean soil loss 

of 3.2 t ha-1 yr-1 across erosion-prone landscapes. Regionally, they reported an overall mean soil 

loss of 37.5 t ha-1 yr-1 for Kasese (mean slope: 19.9%) and 6.4 t ha-1 yr-1 for Kabarole (mean slope: 

18.6%). However, these rates are generalised averages across all land uses and soil types within 

the specified districts (Karamage et al., 2017). Consequently, while valuable for national 

prioritisation, such aggregated estimates do not elucidate the specific erosion threats associated 

with discrete land use and soil type combinations, which is a key refinement provided by this study.  

  

  

  

When comparing land-use categories, Karamage et al. (2017) reported mean erosion rates of 2.4, 

1.2, 5.3, and 2.7 t ha-1yr-1 for annual land use, perennial land use, grasslands, and woodlands, 

respectively. Karamage et al. (2017) estimated erosion rates for woodlands align closely with the 

RUSLE-derived estimate for woodlands on Ferralsols in this study (2.52 t ha-1 yr-1). However, their 

estimates for other land uses (annual, perennial and grasslands) are lower than the corresponding 

RUSLE estimates generated in this study.  

Within this study, observed erosion rates in perennial land use (bananas) under Ferralsols and 

Andosols while using runoff plots were 6.11 and 8.03 tha-1yr-1 respectively. This finding contrasts 
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with the work of Semalulu et al. (2012), who reported a much higher observed rate of 38.5 tha-1yr1 

for bananas using Gerlach troughs on runoff plots. Notably, the rate reported by Semalulu et al. 

(2012) is similar to the RUSLE-modelled estimate for perennial land use (banana) on Andosols in 

this study (37.63 tha-1yr-1). This discrepancy between observed rates in similar land uses suggests 

that localised factors such as specific management practices, topography, or measurement 

methodology, can cause substantial variation in observed data.  

The high erosion rates observed in the annual land use compared to woodlands, grasslands and 

perennials under Andosols and Ferralsols can be attributed to the land management practices that 

are associated with annual land use (Mohammed et al., 2020; Negash et al., 2021; Nunes et al., 

2011). The frequent and rigorous tillage practices in annual land use loosen soil particles and 

expose the soil surface to erosive agents increasing soil erodibility which results into increased 

erosion rates (Arifin et al., 2022; Quinton & Fiener, 2024). Tilling of land breaks up soil 

agglomerates, reduces inter-particle cementation and destroys the soil structure by making the soil 

particles smaller, lighter, disintegrated and easier to erode (Yuan & Fan, 2024). Higher soil erosion 

rates in annual land use are therefore mainly attributed to its associated management and tillage 

practices (Mohammed et al., 2020; Nasir Ahmad et al., 2024).  

Woodlands had the lowest soil erosion rates in both Andosols and Ferralsols, similarly grasslands 

and perennials in the two soil types had lower erosion rates. This can be attributed to the vegetative 

cover and management. Woodlands and perennials usually have all-year-round vegetation cover 

that provides constant soil cover and protection from erosion agents unlike annual land use. Annual 

land use only had stable vegetation cover during specific periods (May – July and November –  

January) after the maize crops have matured, therefore the soil in the annual land use was exposed 

to erosive agents at the beginning of the two rainy seasons (March – April and September – 

October) before crop maturity. Presence of constant stable vegetation cover intercepts rainfall and 

shields the soil surface and soil particles from intense and direct raindrops. Additionally, vegetation 

cover increases water infiltration through interception, thus lowering the soil erosion rates (Nunes 

et al., 2011; Quinton & Fiener, 2024).   

The presence of constant vegetation cover in woodlands also manifests with high soil organic 

matter content which enhances stability of soil aggregates and reduces soil erosion rates 

(Mohammed et al., 2020). Wei et al. (2024) and Quinton & Fiener (2024) also mention that 

presence of vegetation supports root growth whose exudates and root hairs improve soil particle 
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aggregation and stability. This study showed that different land uses on the same soil type resulted 

in varying soil erosion rates, highlighting the impact of land use on erosion (Meng et al., 2021).   

The higher soil erosion rates experienced in Andosols with annual land use than those in Ferralsols 

with annual land use could be attributed to the differences in soil properties. Andosols are 

characterised by a loose and very friable structure; this weakens the soil’s structural stability and 

makes the soils more susceptible to erosion (Lu et al., 2024). Andosols also have a high organic 

matter content, which improves the soil’s water-holding capacity; this property enables the soils to 

retain water for a very long period of time. Since these soils are located in tropical highlands that 

receive high amounts of rainfall and have a high water retention capacity, they can easily reach 

saturation. Saturation of these soils inhibits percolation of water which results into runoff and 

erosion. Additionally, saturation leads to soil particle destabilization and ease with which soil 

particles are detached and eroded (Arifin et al., 2022; Li et al., 2024). Rodriguez et al. (2002) also 

noted that the organic soil surface of Andosols tends to be hydrophobic, resulting into reduced 

water entry and increased runoff and soil erosion.   

The lower erosion rates of Ferralsols with grassland than those of Andosols with grassland could 

similarly be attributed to the differences in soil properties. Ferralsols are characterised by a stable 

soil structure which is resistant to physical breakdown and erosion (Gan et al., 2024; Stanchi et al., 

2015). Additionally, Ferralsols are characterised by high water permeability and low water storage 

which encourages water movement through the profile without easily getting saturated to cause 

runoff and erosion (WRB, 2014).  

  

5.2 Soil erosion tolerance thresholds of Ferralsols and Andosols under woodlands, 

grasslands, perennial and annual land uses   

Grasslands and woodlands in Andosols and Ferralsols had the highest soil loss tolerance thresholds 

as compared to perennial and annual land uses. In Andosols, the highest tolerance thresholds were 

measured in grasslands > woodlands > perennial > annual land uses, whereas in Ferralsols, the 

highest soil loss tolerance thresholds were measured in grasslands > woodlands > annual > 

perennial land uses. The higher tolerance thresholds measured in grasslands and woodlands 



52  

  

indicate that these land uses are more resilient to erosion damage than perennial and annual land 

uses (Di Stefano et al., 2023; Di Stefano & Ferro, 2016).   

Woodlands and grasslands had significantly higher tolerance thresholds due to their deep rooting 

depths, which greatly influences the tolerance thresholds. The capacity of grasslands and 

woodlands to enhance soil erosion resistance threshold can also be attributed to the land uses’ 

characteristics, which include: extensive root systems, high organic matter content, effective 

vegetation canopy, and minimal or no tillage operations (Di Stefano et al., 2023; Gray et al., 2023). 

The lower tolerance thresholds measured in annual and perennial land uses in Andosols and 

Ferralsols can be attributed to the shallow rooting depths, which are the most sensitive factor 

affecting the soil loss tolerance thresholds.  

Andosols and Ferralsols with annual land use had soil erosion rates exceeding their tolerance 

thresholds. These soils are considered to be degraded and less productive, since the erosion limit 

that will maintain stable and sustainable production has been surpassed. The influence of land use 

on soil loss tolerance thresholds can be supported by evidence of land uses such as grassland and 

woodland in the two soil types, having soil erosion rates lower than their tolerance thresholds. 

Andosols and Ferralsols used annually need sustainable management practices to decrease soil 

erosion rates and keep them below the erosion tolerable limits (Carollo et al., 2023). Although 

grasslands and woodlands on Andosols and Ferralsols are experiencing soil erosion below 

tolerance thresholds that are technically acceptable, the rates are alarmingly close to the limits. This 

narrow margin means the soil is not truly safe and is highly vulnerable to any increase in erosion, 

and therefore, the soil are at substantial risk.  

    

CHAPTER SIX  

CONCLUSIONS, RECOMMENDATIONS AND LIMITATIONS  

6.1 Conclusions  

Annual land use type registered the highest soil erosion rates as high as 14.21 tha-1yr-1, this renders 

Andosols and Ferralsols vulnerable due to the land management practices and soil exposure which 

result from limited vegetation cover. Woodlands, perennials and grasslands provide more effective 



53  

  

erosion control than annual land use due to constant soil cover, which intercepts erosion agents 

such as rain. Therefore, land use has a dominant control over soil erosion rates.  

The Andosol under grasslands also registered the highest soil tolerance rates of 11.67 tha-1yr-1 

compared to the lowest tolerance thresholds of 6.25 tha-1yr-1 registered in Ferralsols with perennial 

land use. Annual cropping consistently leads to loss of productivity due to high unsustainable soil 

erosion rates that exceed tolerance thresholds in both Andosols and Ferralsols. Even though 

grasslands and woodlands in Andosols and Ferralsols are more resilient to erosion stress than 

annual land use, the erosion rates of these land uses are dangerously close to tolerance thresholds, 

indicating that these soils are not truly safe and are vulnerable to any future intensification and 

climatic pressures.  

  

6.2 Recommendations   

There is a critical need to implement sustainable land management practices in annually cultivated 

areas in Andosols and Ferralsols to curb severe degradation and to proactively manage the 

wellvegetated land uses (perennials, grasslands and woodlands) to prevent further soil loss and 

future threshold exceedance. Tillage practices and soil exposure in annual land use should also be 

minimised to reduce soil erosion rates.   

Further research and studies should be done on the soil erosion tolerance thresholds of different 

soil types while looking at improvement of the currently developed models in order to tailor them 

to the tropical environment context.  

  

6..3 Limitations of the study   

The data collection was conducted over a single year. However, soil erosion is influenced by 

interannual climatic variability, such as fluctuations in rainfall intensity and distribution, therefore, 

a longer-term study is required to capture these variations and their influence on erosion rates and 

runoff.  
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The study assumed uniform management practices within each land-use category across both soil 

types, as farmers were provided with the same guidelines. However, on-farm implementation can 

vary due to individual farmer preferences, decisions, skill and local conditions. This potential 

variability may introduce unaccounted-for errors into the data when comparing erosion responses 

between soil types.  

Practical constraints prevented the study from being conducted on a uniform slope. Instead, the 

research was carried out across a narrow range of slopes to cater for the already existing land uses 

and soil types used for the study. Since slope gradient is a primary factor controlling erosion, this 

variation could confound the direct comparison of erosion rates between different land use and soil 

type combinations.  
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APPENDICES  

APPENDIX 1.1: Soil profile description and classification  

GENERAL SITE INFORMATION  

Authors: Angella Namatovu  Date:  13-Dec-2021  

Profile number: 1         Soil description status: Routine profile 

description  

Location, District: Kabarole  Sub-county: Ka rangura  Parish/Village: Kaisamba  

GPS, Latitude (degree/ UTM):  

00.66970N  

Longitude(degr ee/UTM): 030.16900E  Elevation (m):  

1833m  

Soil Temperature regime: Isothermic  

Soil moisture regime: Ustic  
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Topography: Steep land  Position: Upper slope  

Slope form: Straight  

Termitaria (per ha): 0  Rock outcrop (Abundance): None  

Water erosion: Sheet erosion  

Coverage of mulch (%): 30  

Soil drainage class: Weakly drained  Land use: Non-irrigated perennial cultivation  

Human influence: Vegetation slightly disturbed  

Vegetation  Shrub cover %: 0  

Grass%: 0  

Ground cover (%): 30   Grazing: No  Crop cultivation: Yes  

Crops at the site:   Bananas  

SOIL PROFILE DESCRIPTION  

PROFILE NUMBER:  1  

Horizon  1  2  3  

Horizon name  A  B  B  

Horizon depth (cm)  0-21  21-74  74-120  

Horizon distinctness  Clear  Gradual  Gradual  

Topography  Smooth  Irregular  Irregular  

Moisture status  Moist  Moist  Moist  

Moist color code  2.5YR 2.5/2  7.5YR 5/6  5YR 6/8  

Moist color  Very dusky red  Strong brown  Reddish yellow  

Mottles      

Abundance  None   None   None   

Size  -  -  -  

Color code  -  -  -  

Color  -  -  -  
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Soil Texture      

Texture code  Sandy Clay Loam  Sandy Clay Loam  Sandy Loam  

Soil Structure      

Development  Weak  Moderate  Moderate  

Size  Fine  Medium  Medium  

Type  Granular  Blocky sub-angular  Blocky sub-angular  

Consistence      

Dry   Slightly hard  Hard  Hard  

Moist   Very friable  Firm  Firm  

Stickiness (Wet)  Sticky  Slightly sticky  Slightly sticky  

Plasticity (wet)  Slightly plastic  Plastic  Plastic   

Pores      

Size   Fine  Very fine  Very fine  

Abundance   Common  Few   Few   

Roots       

Abundance   Common  Very few  None  

Size   Medium  Fine  -  

WRB diagnostic horizon  Melanic  Cambic  Cambic  

Diagnostic properties  Andic   Lithic discontinuity  Lithic discontinuity  

Diagnostic material  Organic  Mineral  Mineral   

Prefix qualifier  1  1  1  

Suffix qualifier        

Provisional reference soil group  Andosols    

  

  



72  

  

 

  

     

  

  

  

  

  

  

  

  

  

  

  

Profile pit 1   

A    

B 1    

B 2    
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GENERAL SITE INFORMATION  

Authors: Angella Namatovu  Date:  13-Dec-2021  

Profile number: 2  Soil description status: Routine profile 

description  

Location, District: Kabarole  Sub-county: Karangur a  Parish/Village: Kaisamba  

GPS, Latitude (degree/ UTM):  

00.67250 N  

Longitude(degree/UT M): 030.17280E  Elevation (m):  

1727m  

Soil Temperature regime: Isother mic  

Soil moisture regime: Ustic  

Topography: Steep land  Position: Upper slope  

Slope form: Straight  

Termitaria (per ha): 0  Rock outcrop (Abundance): None  

Water erosion: Sheet erosion  

Coverage of mulch (%): 0  

Soil drainage class: Weakly drain ed  Land use: Natural grassland  

Human influence: Vegetation slig htly disturbed  

Vegetation  Shrub cover %: 0  

Grass%: 100  

Ground cover (%): 95  Grazing: Yes   Crop cultivation: No  

Crops at the site:   Native grasses  

SOIL PROFILE DESCRIPTIO N  

PROFILE NUMBER:  2  

Horizon  1  2  3  

Horizon name  A  B  B  

Horizon depth (cm)  0-39  39-83  83-127  

Horizon distinctness  Clear  Gradual  Diffuse  

Topography  Smooth  Irregular  Irregular  
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Moisture status  Moist  Moist  Moist  

Moist color code  5YR 2.5/2  7.5YR 8/6  10YR 7/3  

Moist color  Dark reddish brown  Reddish yellow  Very pale brown  

Mottles      

Abundance  None   None   None   

Size  -  -  -  

Color code  -  -  -  

Color  -  -  -  

Soil Texture      

Texture code  Sandy Loam  Sandy Clay Loam  Sandy Clay Loam  

Soil Structure      

Development  Moderate  Strong  Strong  

Size  Medium  Coarse  Coarse  

Type  Blocky sub-angular  Blocky sub-angular  Blocky sub-angular  

Consistence      

Dry   Slightly hard  Hard  Hard  

Moist   Friable  Firm  Firm  

Stickiness (Wet)  Sticky  Sticky  Sticky  

Plasticity (wet)  Slightly plastic  Plastic  Plastic   

Pores      

Size   Fine  Very fine  Very fine  

Abundance   Common  Few   Few   

Roots       

Abundance   Many  Few  Few  

Size   Fine  Fine  Very fine  

WRB diagnostic horizon  Melanic  Cambic   Cambic   
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Diagnostic properties  Andic   Lithic discontinuity  Lithic discontinuity  

Diagnostic material  Organic   Mineral   Mineral   

Prefix qualifier  1  1  1  

Suffix qualifier        

Provisional reference soil group  Andosols    

  

  

  

   

    

GENERAL SITE INFORMATION  

Authors: Angella Namatovu  Date:  15-Dec-2021  

Profile number: 3        Soil description status: Routine profile description  

Location, District: Kasese  Sub-county: Ki lembe  Parish/Village: Kathulu  

GPS, Latitude (degree/ UTM):  

00.22030 N  

Longitude(degr ee/UTM): 029.99250E  Elevation (m): 1538m  

Profile pit 2   
A   

B 1    

B 2    
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Soil Temperature regime: Isothermic  

Soil moisture regime: Ustic  

Topography: Steep land  Position: Upper slope  

Slope form: Straight  

Termitaria (per ha): 0  Rock outcrop (Abundance): None  

Water erosion: Sheet erosion  

Coverage of mulch (%): 10  

Soil drainage class: Well drained  Land use: Rainfed annual cultivation  

Human influence: Vegetation strongly disturbed  

Vegetation  Shrub cover %: 0  

Grass%: 0  

Ground cover (%): 30   Grazing: No  Crop cultivation: Yes  

Crops at the site:   Maize  

SOIL PROFILE DESCRIPTI ON  

PROFILE NUMBER:  3  

Horizon  1  2  3  

Horizon name  A  B  B  

Horizon depth (cm)  0-15  15-50  50-120  

Horizon distinctness  Clear  Gradual  Diffuse  

Topography  Wavy  Irregular  Irregular  

Moisture status  Moist  Moist  Moist  

Moist color code  7.5YR 3/4  7.5YR 4/6  7.5YR 6/8  

Moist color  Dark brown  Strong brown  Reddish yellow  

Mottles    

Abundance  None   None   None   

Size  -  -  -  



77  

  

Color code  -  -  -  

Color  -  -  -  

Soil Texture      

Texture code  Sandy Clay Loam  Sandy Clay Loam  Sandy Loam  

Soil Structure      

Development  Moderate  Moderate  Moderate  

Size  Medium  Medium  Coarse  

Type  Granular  Blocky sub-angular  Blocky sub-angular  

Consistence      

Dry   Hard  Hard  Very hard  

Moist   Firm  Firm  Firm  

Stickiness (Wet)  Sticky  Sticky  Slightly sticky  

Plasticity (wet)  Very plastic  Very plastic  Plastic   

Pores      

Size   Very fine  Very fine  Very fine  

Abundance   Many  Few   Few   

Roots       

Abundance   Common  Common  Very few  

Size   Medium  Fine  Fine  

WRB diagnostic horizon  Ferralic    Ferralic   Ferralic   

Diagnostic properties        

Diagnostic material  Mineral   Mineral   Mineral   

Prefix qualifier  1  1  1  

Suffix qualifier        

Provisional reference soil group  Ferralsol    
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GENERAL SITE INFORMATION  

Authors: Angella Namatovu  Date:  15-Dec-2021  

Profile number: 4       Soil description status: Routine profile 

description  

Location, District: Kasese  Sub-county: Kilemb e  Parish/Village: Kathulu  

GPS, Latitude (degree/ UTM):  

00.22240 N  

Longitude(degree/U TM):  

029.99330E  

Elevation (m): 1554m  

Soil Temperature regime: Isothermi c  

Soil moisture regime: Ustic  

Topography: Steep land  Position: Upper slope  

Slope form: Straight  
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Termitaria (per ha): 0  Rock outcrop (Abundance): None  

Water erosion: Sheet erosion  

Coverage of mulch (%): 10  

Soil drainage class: Well drained  Land use: Natural grassland  

Human influence: Vegetation mode rately disturbed  

Vegetation  Shrub cover %: 0  

Grass%: 100  

Ground cover (%): 70   Grazing: Yes  Crop cultivation: No  

Crops at the site:   Native grasses  

SOIL PROFILE DESCRIPTION  

PROFILE NUMBER:  4  

Horizon  1  2  3  

Horizon name  A  B  B  

Horizon depth (cm)  0-40  40-80  80-150  

Horizon distinctness  Clear  Clear  Diffuse  

Topography  Smooth  Wavy  Irregular  

Moisture status  Moist  Moist  Moist  

Moist color code  5YR 3/3  2.5YR 4/8  2.5YR 5/8  

Moist color  Dark Red Brown  Red  Red  

Mottles      

Abundance  None   None   None   

Size  -  -  -  

Color code  -  -  -  

Color  -  -  -  

Soil Texture      

Texture code  Sandy Clay Loam  Sandy Loam  Sandy Clay Loam  
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Soil Structure      

Development  Moderate  Moderate  Moderate  

Size  Medium  Medium  Medium  

Type  Granular  Blocky sub-angular  Blocky sub-angular  

Consistence      

Dry   Slightly hard  Slightly hard  Hard  

Moist   Friable  Firm  Firm  

Stickiness (Wet)  Sticky  Sticky  Slightly sticky  

Plasticity (wet)  Very plastic  Plastic  Plastic   

Pores      

Size   Very fine  Very fine  Very fine  

Abundance   Many  Common  Few   

Roots       

Abundance   Common  Common  Very few  

Size   Fine  Fine  Fine  

WRB diagnostic horizon  Ferralic   Ferralic   Ferralic   

Diagnostic properties        

Diagnostic material  Mineral   Mineral   Mineral   

Prefix qualifier  1  1  1  

Suffix qualifier        

Provisional reference soil group  Ferralsol    
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APPENDIX 1.2: Favourable rooting depths of two soil types (Andosols and Ferralsols) under 

four land use types (annual, grassland, perennial and woodland) in the Rwenzori highlands 

of Uganda.  

Soil type   Land use   Depth (cm)   

Andosols   

Annual  

Perennial   

0 – 65   

0 – 74   

 Grassland   0 – 127   

 Woodland   0 – 150   

Ferralsols   

Annual  

Perennial   

0 – 50   

0 – 50   

 Grassland   0 – 100   

 Woodland   0 – 133   

  

  

Appendix 1.3: Multiple regression analysis of the parameters used to estimate the soil loss 

tolerance thresholds   

T-values ~ pH + IR + BD + OC + K  

Co-efficients   Estimate   Std. Error   t-value   Pr(>|t|)   

Intercept   -48.20   44.49   -1.08   0.285   

pH   0.20   0.59   0.34   0.738   

Infiltration rate   -0.31   0.45   -0.69   0.491   

Bulk density   38.71   31.71   1.22   0.223   

Organic carbon   0.76   0.44   1.74   0.089   

Soil erodibility   1.53   3.81   0.40   0.689   

 Multiple R-squared:     0.12, Adjusted R-squared:  0.0152    

 F-statistic: 1.145, p-value: 0.352    
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T-values ~ Rooting depth  

Co-efficients   Estimate   Std. Error   t-value   Pr(>|t|)   

Intercept   8.75   0.54   16.25   <2e-16  ***   

Depth 0-127   2.92   0.76   3.83   0.0004  ***   

Depth 0-133   -0.42   0.76   -0.55   0.587   

Depth 0-150   2.50   0.76   3.28   0.002  **   

Depth 0-50   -2.29   0.66   -3.47   0.001  **   

Depth 0-65   -0.42   0.76   -0.55   0.587   

Depth 0-74   0.00   0.76   0.00   1.000   

 Multiple R-squared: 0.683, Adjusted R-squared: 0.64    

 F-statistic: 14.71, p-value: 7.02e-09    

  

  

T-values ~ pH + IR + BD + OC + K + Rooting depth  

Co-efficients   Estimate   Std. Error   t-value   Pr(>|t|)   

Intercept   -33.51   30.02   -1.12   0.272   

pH   -0.33   0.39   -0.86   0.398   

Infiltration rate   -0.60   0.28   -2.12   0.041  *   

Bulk density   31.79   21.09   1.51   0.141   

Organic carbon   0.57   0.25   2.26   0.030  *   

Soil erodibility   2.02   2.16   0.94   0.355   

Depth 0-127   2.70   0.77   3.51   0.001  **   

Depth 0-133   -1.09   0.77   -1.42   0.165   

Depth 0-150   3.12   0.81   3.85   0.0005  ***   
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Depth 0-50   -2.53   0.69   -3.68   0.0008  ***   

Depth 0-65   -0.56   0.71   -0.79   0.434   

Depth 0-74   -0.15   0.80   -0.19   0.847   

 Multiple R-squared: 0.76, Adjusted R-squared: 0.69    

 F-statistic: 10.38, p-value: 3.43e-08    

  

  

Appendix 1.4. Rainfall amount as observed from rainfall stations in Kasese and Kabarole 

from Dec 2021 to Nov 2022  

Station       Kasese       

  2021  2022  2022  2022  2022  2022  2022  2022  2022  2022  2022  2022  

  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sept  Oct  Nov  

Days       Rainfall (mm)       

1  0  0  0  7.5  0  2.2  7.3  0  6  14.4  0.8  2  

2  0.7  0  0  17  3.5  0  0.6  0  0  11.7  0  0.4  

3  0  0  0  0  5.4  0.2  0  0  1  0  4.9  4.8  

4  10.6  0  0  0.1  0.2  0.3  0  0  1.2  0  1.1  3.5  

5  4.7  0  0  0  0  0  0  0  0  0  0  0.4  

6  0  0  0  0.1  15  3  0  0  0  95.8  15.3  1.2  

7  5.7  0.9  0  0  0.1  0  10  0  0  0.3  1.4  0  

8  0  0  0  0  1.1  0  0  0  0  0  4  0.9  

9  0  0  19.5  0  0.1  0  0  0  0  7.8  5.6  33.6  

10  0  0  0  0  13.1  1  0  0  0  0  0  0  

11  7.5  0  0  0  6  1.4  0  0  0  0.5  0  0  

12  0  0  0  0  0  0  0  0  0  0  0  0  

13  0  0  0  0.8  0  0  0  0  0.9  4.3  1.4  19.7  

14  0  0  0  0  2.2  0  0  0  0  0.4  0  0.8  

15  0  1.9  0  0  21.8  0  0  0  5.7  0.6  5.7  5.2  

16  0  0  0  0  0  0  0  0  0  0.3  49.2  1.9  

17  0  16.7  0  0  0  0.5  1.7  0  17.5  0  0  16.3  

18  0  14.2  0  0  24.7  0  0  0  1.1  3.1  6.8  3  
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19  27.7  0  0  0  0  0  1.1  0  22  0  0.3  0  

20  7.5  0  0.8  0  0  0  0.3  0  0  0  17.3  1.8  

21  6.4  0  0  3.7  0  0  0  0  0  0.5  9.1  1  

22  0  0  0  7.1  20.6  3.2  0  0  0  1.8  0  16.4  

23  0  0  0  0  44.2  0  0  0  0  0  0  1.6  

24  3.8  0  7.4  2.4  0.1  0  0  0  0  0  0  0  

25  6.8  0  0  1.5  0.1  1.4  0  0  0  0  0  1  

26  6.4  0  0  1.8  0  4.1  0  0  0  0  0  0  

27  0  0  0  0  16.7  0  0  0  0  0  2.1  0.4  

28  0  0  4.4  16.8  45.3  1.1  0  0  0  8.5  2.3  0  

29  0  0    2.7  2.5  0.8  0  0.1  11.1  0  0  0.5  

30  0.1  0    0.2  0  8  0  11.1  26.4  0  0  3  

31  7.1  0    0    0.7    0  5.2    0    

TOTAL  95  33.7  32.1  61.7  222.7  27.9  21  11.2  98.1  150  127.3  119.4  

  

  

  

  

  

Station       Kabarole       

  2021  2022  2022  2022  2022  2022  2022  2022  2022  2022  2022  2022  

  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sept  Oct  Nov  

Days       Rainfall (mm)       

1  4.1  0  0.1  0  0  15.1  18.6  0  13.4  0  47.7  5.4  

2  0.1  0.4  0  0.7  12.1  0  0  0  0  4.4  33.2  0  

3  0  0  0  0  14.3  0  0  0  0  1.3  0.8  29  

4  0  0  0  0  0  0  0  0  0  0  3.6  0  

5  0  0  0  0  0  0  0  0  0  0  1  1  

6  0  0  0  0  1.5  0  0  0  0  16.3  0  12  

7  0  0  0  1.3  0  0  0  0  0  0  0  8.2  

8  0  0  0  14.2  0  18.2  0  0  0  0  0  10.6  
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9  0  0  0.1  3.3  0  0  4.5  0  0  16.8  27.3  0.6  

10  0  0  0  0  4.8  5  0.1  0  0  0  0  7.9  

11  1.2  0  0  4.3  3.9  2.4  0  0  0  1.6  25.5  4.2  

12  0  0  0  0  0  0  0  0  8.7  3.6  8.9  0  

13  0  0  0  0  0.1  18.8  0.4  0  0.8  0.4  8.1  2.2  

14  7.5  0  0  0  23.6  1.2  4.4  0  0  2.8  0  10.8  

15  0  0.6  0.1  0  6.1  0.2  0  0  0  20.5  5.1  10.2  

16  0  9.7  0  0  4.4  0  0  0  0.2  3.2  4.4  0  

17  0  14.8  0  0  0.2  26.8  0  0  0  3.6  6  12.3  

18  0.8  8.7  0  13.1  65.4  7.4  1.2  6.2  0  0  0  14.6  

19  8  0  0  0  4.8  0  23.8  0  43  0  2.9  15.9  

20  0  0  0.7  0  1  0  17.2  0  0.4  0  0  3.3  

21  2.4  0  0  4.4  0  0  0  0  0.4  47.7  13.2  5.3  

22  0.5  0  0  5.1  15.8  3.2  0  0  0.7  33.2  0  4.3  

23  53.8  0  0  0  1.2  0  0  0  0  0.8  0  0  

24  0  0  0  0  20.6  22.3  0  0  0  3.6  0.2  16  

25  1.3  0  17.5  0.1  0.9  4.8  14  0  0  1  1.9  5.1  

26  7.4  0  0  16.3  6.8  5.2  0  0  3  0  0  4.3  

27  2.8  0  0.4  3.9  11.6  2.5  0  0.9  20.9  0  42  0  

28  0  0  5.8  11.6  26.7  9.3  0  0  0  27.3  7.2  16  

29  0  0    9.6  0  0  0  4.4  0  0  27.8  5.1  

30  0  0    0  0  11.2  0  12.2  34.1  5.2  6.1  4.3  

31  0  
 

  
 

  
 

  0.2  
 

  
 

  

TOTAL  89.9  24.7  225.8  84.2  23.9  193.3  208.6  

  

  

  

Appendix 1.5: ANOVA on the effects of land uses on soil erosion rates under Andosols in the  

Rwenzori highlands using runoff plots  

  d.f.   Sum Sq.  Mean Sq.  F-value  p-value   

Land Use   3  90.31  30.10  4.06  0.0501   
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Residuals   8  59.28  7.41       

Total   11           

Where d.f. is degree of freedom.  

Appendix 1.6: ANOVA on the effects of land uses on soil erosion rates under Ferralsols in the 

Rwenzori highlands using runoff plots  

  d.f.   Sum Sq.  Mean Sq.  F-value  p-value   

Land Use   3  31.46  10.49  3.31  0.078   

Residuals   8  25.34  3.17       

Total   11           

Where d.f. is degree of freedom.  

Appendix 1.7: ANOVA on the effects of land uses on soil erosion rates under Andosols in the  

Rwenzori highlands using the RUSLE  

  d.f.   Sum Sq.  Mean Sq.  F-value  p-value   

Land Use   3  9341.1  3113.70  278.48  1.984e-08***         

Residuals   8  89.4  11.18       

Total   11           

Where d.f. is degree of freedom.  

Appendix 1.8: ANOVA on the effects of land uses on soil erosion rates under Ferralsols in the 

Rwenzori highlands using the RUSLE  

  d.f.   Sum Sq.  Mean Sq.  F-value  p-value   

Land Use   3  2469.89  823.30  97.172  1.239e-06***         

Residuals   8  67.78  8.47       

Total   11           

Where d.f. is degree of freedom.  


