




Quantifying the Influence of Soil Condition, Topography and Land Use on Soil Loss in a watershed in Phuleng-e-Nyane, Lesotho
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ABSTRACT 

	Soil erosion significantly threatens agricultural sustainability in Lesotho, driven by its mountainous topography, erosive rainfall, and traditional farming practices. This study therefore quantified annual soil loss and evaluated the influence of soil condition (K), topography (LS), and land use (C) on erosion risk within the Phuleng-e-Nyane watershed at Ha ‘Mantšebo Local Community Council area of the Maseru District, Lesotho during the 2024/2025 growing season. Both field and climatic data were collected to quantified soil erosion indices. The various land use and topo-sequence positions were delineated using Geographic Information Systems (GIS) while soil loss was quantified using the Universal Soil Loss Equation (USLE). The soil loss was modeled using the erosion indices and soil properties while the effect of land use and topo-sequence position on the measured variables was evaluated using 2-way analysis of variance. The 40-year average rainfall erosivity (R) was 1256.89 MJ mm ha−1 h−1 yr−1. Soil erodibility (K) ranged from 0.027 to 0.038 Mg h MJ−1 mm−1, peaking at the toe-slope due to low saturated hydraulic conductivity. The topographic factor (LS) varied from 0.09 to 0.31, with the highest values on the steep back-slope. Overall, long-term fallow land showed significantly (p < 0.05) lower mean soil loss (0.08 Mg ha−1 yr−1) compared to active cropland (1.49 Mg ha−1 yr−1). The highest erosion rate (1.98 Mg ha−1 yr−1) was recorded on the cropland back-slope. The results highlight land use (C-factor) as the dominant determinant, accounting for over 90% of the difference in soil loss between land-use types. However, topo-sequence (LS-factor) dictates localized severity, with the back-slope being the highest risk. Prioritizing vegetation cover management and targeted interventions on steep back-slopes to ensure agricultural sustainability are strongly recommended as effective conservation strategies. Future studies should incorporate inter-seasonal field and weather data collection and quantification of vegetation indices to improve the calculation of the land use factor.
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1. INTRODUCTION 

[bookmark: _Hlk214215732][bookmark: _Hlk214215773][bookmark: _Hlk214215811]Globally, soil erosion remains one of the most critical forms of land degradation, threatening agricultural productivity, ecosystem stability, and water resources. Accelerated erosion, driven by unsustainable land management, climate variability, and intensive cultivation, removes nutrient-rich topsoil, reduces crop yields, and contributes to sedimentation of rivers and reservoirs (Tundu et al., 2018; Mandal et al., 2023 Quinton and Fiener, 2024; Paseka, 2025). Recent estimates indicate that global soil erosion may reduce agricultural output by more than 350 million tons annually and escalate economic losses exceeding US$ 600 billion by mid-century (Sartori et al., 2024). These impacts are particularly severe in developing regions where rainfall intensity, fragile soils, and steep terrain compound erosion risk, with direct implications for food and nutritional security and rural livelihoods (Mekuria et al., 2024; Biru et al., 2025).
[bookmark: _Hlk214215851][bookmark: _Hlk214215882][bookmark: _Hlk214215909]In sub-Saharan Africa, soil erosion continues to undermine land productivity due to the combined influence of erosive rainfall, conventional tillage, removal of vegetation cover, and cultivation on steep slopes. Losses of nitrogen, phosphorus, and soil organic matter further diminish soil fertility and reduce resilience to drought and extreme climatic events (Tessema and Simane, 2021; Rashmi et al., 2022; Darge et al., 2023). In Lesotho, erosion driven by mountainous topography, dispersible soils, overgrazing, and poorly managed croplands, resulting in extensive rill and gully development, is a national environmental challenge (Makara, 2013). Annual soil losses in the country are estimated to exceed 26–40 million tons, contributing to sedimentation of rivers and reservoirs and a measurable decline in agricultural productivity (Khaba and Griffiths, 2017; Makara, 2023; Moeletsi and Walker, 2013).
[bookmark: _Hlk214215968]Effective erosion assessment is, therefore, essential for identifying vulnerable areas, understanding interactions among soil properties, topography, land use, and rainfall erosivity, and guiding conservation planning (Barbosa et al., 2024; Debebe et al., 2025). Advances in GIS-based approaches and the Universal Soil Loss Equation (USLE) family of models now facilitate spatially explicit estimates of erosion risk, particularly in data-limited environments (Zerihun, 2018; Arega et al., 2024; Tesema et al., 2024; Menghis et al., 2025). This is especially relevant for Lesotho, where limited data resources compounded by complex terrain and heterogeneous soils require localized assessments to support sustainable land-use planning.
Given these challenges, this study quantifies annual soil loss (A) using the USLE and GIS to evaluate the relative contributions of soil properties (K), topography (LS), and land-use practices (C) on erosion patterns within the Phuleng-e-Nyane watershed at Ha ‘Mantšebo in Lesotho. Understanding these interactions is crucial for developing effective soil conservation strategies and supporting long-term agricultural sustainability in erosion-prone landscapes.

2. methodology 
2.1 The study area

The study was conducted in the Phuleng-e-Nyane watershed at Ha ‘Mantšebo Local Community Council area of the Maseru District during the 2024/2025 growing season. The Phuleng-e-Nyane watershed is located in the upper reaches of the Fika-le-Mohala stream sub-catchment in the Maseru District of Lesotho. The area lies at 29.48333° S and 27.51667° E, with an average elevation of 1,657 m above sea level. The watershed is situated immediately south of the Moshoeshoe I International Airport perimeter and northeast of Ha Thamae village, occupying the lower footslopes of the Qeme Plateau, a geomorphic setting characterized by moderate to steep terrain (Figure 1).

The climate of the region is semi-arid to sub-humid, marked by high rainfall variability. The average annual precipitation in Maseru district is 926 mm, driven largely by convective summer storms that produce intense, short-duration rainfall events capable of initiating significant runoff and erosion (Weather and Climate, 2025). Temperatures range moderately throughout the year, with seasonal fluctuations influencing vegetation growth and soil moisture regimes. Land use in Phuleng-e-Nyane is dominated by mixed crop–livestock systems, characteristic of Lesotho’s lowland agroecosystems. Continuous cultivation has been practiced for decades, with smallholder farmers rotating cereal crops such as maize (Zea mays), sorghum (Sorghum bicolor), and wheat (Triticum sativum). Livestock husbandry involving cattle, sheep, and goats is integrated into the system, contributing to grazing pressure on communal rangelands and cropland fallows. Vegetation cover consists mainly of herbaceous and perennial grasses typical of degraded rangelands and long-term fallow fields. Dominant species include nut grass (Cyperus rotundus), creeping woodsorrel (Oxalis corniculata), purple lovegrass (Eragrostis spectabilis), Bermuda grass (Cynodont dactylon), dallis grass (Paspalum dilatatum) and beardless rabbit’s-foot grass (Polypogon viridis), which vary in ground cover density and root structure, thus influencing soil surface stability. The study area comprises two primary land-use categories: active croplands under annual cereal production, and long-term fallow fields (>3 years) functioning as secondary grasslands. The rolling topography, history of continuous cultivation with very poorly maintained terraces, shallow and erodible soils, and livestock pressures collectively make this watershed highly susceptible to sheet, rill, and gully erosion, providing an ideal setting for USLE-based soil erosion assessment. 

2.2 Designation of the sampling locations 
The watershed was stratified into two main transects: north and south-west (Fig. 2), with each comprising both cropland and long-term fallow areas. A total of twelve sub-watersheds were delineated, representing different combinations of land-use types and topo-sequences, namely summit, shoulder, back-slope, and toe-slope (Fig. 2). Within each sub-watershed, ten sampling locations were randomly selected, and the collected samples were composited to form three replicates. In addition, three undisturbed core samples were taken at each sampling point for bulk density and moisture-related analyses. Geographic coordinates of all sampling points were obtained using a mobile GPS application, and these georeferenced points were 

[image: ]
[bookmark: _Ref203421224][bookmark: _Toc202241633][bookmark: _Toc202695778][bookmark: _Ref203421213]Fig. 1: The Map showing the study area (Phuleng-e-Nyane) at the boundary confluence of Qeme and Ha ‘Mantšebo in Maseru district, Lesotho.



Fig. 2: Sampling points, land use type, topo-sequence and the transects.


















subsequently used to generate the study area map in Google Maps. 
2.3 Rainfall data and determination of rainfall erosivity factor, R
Secondary 40-year rainfall data was collected from the Lesotho Meteorological Services (meteorological station at Moshoeshoe 1 International Airport which is about 2.12 km away from the study area) since there is no facility in place to collect the primary rainfall data on site. 
[bookmark: _Hlk214216061][bookmark: _Hlk214216085]The rainfall erosivity index (R) was evaluated according to the equation 3.1 (Arnoldus, 1977) after correcting the unit and conversion errors (Arnoldus, 1980; Barbosa et al. 2024; Khodja, 2025). This method is suitably used where rainfall intensities are not available as in case of the current study.
 			                 		     3.1
Where R is the rainfall erosivity index (MJ mm ha-1 h-1 yr-1) Pi is the monthly precipitation (mm) and P is the annual precipitation (mm).

2.4 Soil sampling, analyses and determination of erodibility factor, K
[bookmark: _Hlk214216299][bookmark: _Hlk214216314][bookmark: _Hlk214216416]Disturbed and undisturbed soil samples were collected from all designated sampling points at a depth of 0–30 cm. Approximately 1 kg of disturbed soil was obtained using a handheld soil auger, placed in labeled plastic bags, and identified by sampling location and land-use type. Undisturbed samples were extracted using core samplers. The samplers were gently driven into the soil using a flat wooden board and hammer until the desired depth in each case was reached, after which it was excavated with a spade. The soil in the samplers was trimmed to flush with the core ring using a sharp knife. All cores with undisturbed soil were sealed in labelled airtight bags to prevent moisture loss. Samples were transported to the Soil Science Laboratory at the National University of Lesotho for analysis. Disturbed samples were air-dried, gently crushed to pass through a 2-mm mesh. Particle-size distribution was determined using the method of Gee and Bauder (1986). Organic matter content was quantified using the Walkley–Black wet oxidation method, with organic carbon converted to organic matter using a factor of 1.724. Soil aggregate size was assessed following Gee and Bauder (1986) and classified into structure codes based on Huffman et al. (2013). Undisturbed cores were analyzed for bulk density using the core method (Blake and Hartge, 1986), and for hydraulic conductivity using the constant-head permeameter method (Smith, 2000). Permeability classes were further categorized following Huffman et al. (2013), ranging from rapid in sandy profiles to very slow in clay-rich or poorly aggregated soils.
[bookmark: _Hlk214216444]The soil erodibility ( factor in the USLE was evaluated for the study area according to the equation 3.2 (Wischmeier and Smith, 1978; Huffman et al., 2013; Marques et al., 2019))
  	                 3.2
Where, K is the soil erodibility factor, (Mg h MJ-1 mm);  is the textural factor given as:
   	          				     3.3
a = soil organic matter content, %; b = the soil structure code structure codes [1: fine granular (1 – 2 mm); 2: granular (2 – 3 mm); 3: medium to coarse (3 – 5 mm) and 4: blocky, platy or massive (construction sites)]; c = the profile permeability class according to the  Table 1.

2.5 Determination of topographic, land use and conservation factors
The topographic factor (LS) was determined by integrating slope length (L) and slope steepness (S), derived from a combination of in situ measurements and geospatial analysis. The slope length (L) was defined as the horizontal projection of the distance between the terminal elevation points of each transect.
Vertical displacement and spatial coordinates were captured using a high-precision Global Positioning System (GPS) interface (GPS Coordinate Pro), while slope steepness (S) was derived as a function of the change in elevation over the measured horizontal distance.
Land Use and Land Cover (LULC) classifications were established via direct field observation and subsequently verified through a multi-temporal analysis of high-resolution satellite imagery. This cross-validation, utilizing Google Earth’s historical archival data, enabled a robust assessment of land-use dynamics and successional patterns over the study period.

The topographic length factor, L for each topo-sequence on cropland and long-term fallow land was determined according to equation 3.4.
 	                                                	                                                        3.4
Where 	 is the slope length (m);  is an arbitrary value that depends on ; = 0.3 for s < 4%, = 0.4 for s = 4%, = 0.5 for s > 4%;  is the field slope steepness in percent.
The field slope gradient factor S was evaluated according to the equation 3.5
	     	                                                                          		     3.5
The crop management factor, C (degree of cover) was obtained from Table 2, following the results of the LULC obtained from the GIS. 
Despite the presence terraces in the study area, they are poorly maintained. Thus, the conservation management factor P was taken to be unity (worst-case scenario) according to Huffman et al. (2013) to assess maximum potential risk, and to drive home the importance of conservation practices.
2.6 Computation of the soil loss (A)
The soil losses in cropland and long-term fallow were evaluated according to equation 3.6 and 3.7, respectively.
                                                                              3.6
[bookmark: _Ref202670573][bookmark: _Toc202194260][bookmark: _Toc202669341][bookmark: _Ref203588102]
Table 1: Permeability class for various soil textures and saturated hydraulic conductivity
	
Permeability class
	
Textural Class
	Saturated hydraulic                             conductivity, mm h-1

	1 (fast and very fast)
	Sand
	> 61.0

	2 (moderate fast)
	Loamy sand, Sandy loam
	20.3 – 61.0

	3 (moderate)
	Loam, Silty loam
	5.1 – 20.3

	4 (moderate low)
	Sandy clay loam, Clay loam
	2.0 – 5.1

	5 (low)
	Silty clay loam, Sand clay
	1.0 – 2.0

	6 (very low)
	Silty clay, Clay
	< 1.0


Source: Panagos et al. (2014)

Table 2 :C-factor for different land use land cover
	Land use/cover
	C-factor

	Forest
	0.01

	Shrub land
	0.01

	Cultivated land
	0.25

	Grassland
	0.01

	Bare land
	0.05

	Urban built-up areas
	0.05

	Wetlands
	0.01


[bookmark: _Hlk214216562]Source: Miheretu et al. (2017)










[bookmark: _Hlk210766846]Where= soil erosion under crop land, R, K, LS, C and P are the erosion factors for cropland for a given topo-sequence.
                           						    3.7                                                     
Whereby  soil loss under long term fallow, R, K, LS, C and P are the erosion factors for long-term fallow land for a given topo-sequence.
The total soil loss from the field was calculated by summing the soil losses from the land use types for the two transects of north and southwest using the equation below
				                   	    3.8
Where Atotal is the total soil loss (Mg ha-1 yr-1); i is the topo-sequence position; CL is the cropped land; FL is the long-term fallow land; N is the north (transects) and SW is the southwest (transect).

2.7 Modelling of soil loss and analysis of variance
To model soil loss considering the erosion indices and soil properties, the step-wise regression algorithm in SPSS (IBM v. 27) was deployed. Pearson correlation analysis was also performed in R-studio.

[bookmark: _Hlk214217944]The effect of land use type and topo-sequence position on soil properties and erodibility factor was evaluated by subjecting data to 2-way analysis of variance (ANOVA). Where F-value was significant at 5%; means were separated using Tukey test at 5% level of probability. For this, the statistical software, SISVAR® (Ferreira, 2011), was used (www.dex.ufla.br/~danielff). 
	


3. results 

[bookmark: _Toc210920875]3.1 Rainfall erosivity index, R
[bookmark: _Hlk201563500]The average monthly rainfall ranged from 12.48 mm in July to a maximum of 128.45 mm in January. The average annual monthly rainfall over the period ranged from a minimum of 33.89 mm in 1992 to a maximum of 90.27 mm in 2006. The R value, according to equation 3.1 is 1256.89 MJ mm ha-1 h-1 yr-1.
[bookmark: _Toc210920876]
3.2 Soil properties and soil erodibility factor, K
The results of the soil properties on the four topo-sequences for the north and southwest transects considered for this study on the cropland and fallow land are presented in Table 3. 
The soil erodibility factor K is a function of some physical and hydraulic properties including the bulk density (BD), saturated hydraulic conductivity (Ksat), textural class, organic matter content (OM), etc. 
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Table 3: Average values of soil parameters and erodibility of the two land use types in the north transect.
	
	Clay
	Silt
	Sand
	Texture
	SOM
	Ksat
	BD
	Soil structure
	K, 

	Slope
	-----------------%--------------
	-
	%
	mm.h-1
	Mg m-3
	-
	Mg h MJ-1 yr-1

	Position
	Cropland

	Summit
	22.8aA
	25.9abA
	51.3aA
	SCL
	3.17aA
	2.97aA
	1.31aA
	Fine granular
	0.027cA

	Shoulder
	21.4abA
	24.6bA
	53.9aA
	SCL
	3.27aA
	1.51bcA
	1.38aA
	Fine granular
	0.030bA

	Back slope
	18.8abA
	27.3abA
	53.9aB
	SL
	3.11aA
	2.39abA
	1.39aA
	Granular
	0.029bcA

	Toe slope
	18.1bA
	29.3aA
	52.6aA
	SL
	3.33aA
	0.66cA
	1.39aA
	Medium to coarse
	0.035aB

	Mean
	20.3
	26.8
	52.9
	
	3.22
	1.88
	1.37
	
	0.030

	
	Long-term Fallow

	Summit
	22.8aA
	25.9bA
	51.3bA
	SCL
	3.17aA
	2.97aA
	1.31aA
	Fine granular
	0.027cA

	Shoulder
	21.4aA
	24.6bA
	53.9bA
	SCL
	3.27aA
	1.51bA
	1.38aA
	Fine granular
	0.030bA

	Back slope
	10.7cB
	22.0bB
	67.3aA
	SL
	3.48aA
	1.9abA
	1.31aA
	Granular
	0.029bcA

	Toe slope
	16.8bA
	31.5aA
	51.9bA
	SL
	3.35aA
	1.01bA
	1.22aB
	Medium to coarse
	0.038aA

	Mean
	17.9
	26.0
	56.1
	
	3.32
	1.85
	1.31
	
	0.031

	F x Slope (p<0.05)
	0.016
	0.140
	0.011
	
	0.698
	0.803
	0.514
	
	0.351


SOM: soil organic matter; Ksat: saturated hydraulic conductivity; BD: bulk density; K: soil erodibility factor; F x Slope: land use x slope position. Average values in a column followed by different lower-case letters differed significantly among slope positions in a given land use at 5% level of probability by Tukey test. Average values in a column followed by different upper-case letters differed significantly between the two land use types in a given slope position at 5% level of probability by Tukey test

(Çerçioğlu et al., 2025). The results of soil parameters and soil erodibility factor (K) for the two land use types in the north transect is presented on Table 3. On the cropped land, the clay content, averaged at 20.3%, and ranged from 18.1% at the Toe-slope (TS) to 22.8% at the Summit. The clay content at the TS is significantly lower (p < 0.05) than at the other topo-sequence positions. Essentially, the clay content at the Summit (SU), Shoulder (SH) and the Backslope (BS) is statistically the same. However, there is significant difference (p > 0.05) in the clay content between BS and TS. In contrast, highest silt content (29.3%) was recorded at TS, while the minimum (24.6%) was recorded at SH. Statistically, there is no difference (p > 0.05) in the silt content at the SU, SH and BS. 

For sand content soil organic matter (SOM) and bulk density (BD), there is no significant difference (p > 0.05) in the values for all topo-sequence positions. However, the numerical order is sand: SH = BS > TS > SU; SOM: TS >SH > SU >BS; and BD: BS = TS >SH > SU.  On both the cropped land and long-term fallow, the soil texture and soil structure are the same on the corresponding topo-sequence. For example, soil textural class and soil structure on the SU and SH on both cropped land and long-term fallow are sandy clay loam and fine granular, respectively. The Ksat ranged from 0.66 mm h-1 at TS to 2.97 mm h-1 at SU with an average of 1.88 mm h-1. The Ksat values at TS and SH are statistically the same (p > 0.05), and lower than the values at SU and BS (p < 0.05).

The order of variation in Ksat on the cropped land is: SU > BS >SH >TS. The values of the soil erodibility factor, K vary from 0.02 Mg ha-1 yr-1 at SU to 0.035 Mg ha-1 yr-1 at the TS, with an average of 0.03 Mg ha-1 yr-1 for the entire cropped land on the north transect. The K value at TS is significantly (p < 0.05) higher than others. K at TS is about 129%, 116% and 121% times the K at SU, SH and BS (Table 3).




On the long-term fallow land, there is no significant difference (p > 0.05) in most of the parameters when compared with the cropped land, except for sand content that is significantly (p < 0.05) higher at BS on the cropped land, and clay, silt and BD that are significantly (p < 0.05) lower at, BS, and TS, respectively on long term fallow land.  For the southwest transect, the soil parameter and K factor are presented on Table 4. On the cropped land, the clay content at TS (22.8%) is significantly (p < 0.05) lower, being about 0.79, 0.83 and 0.82 as much as the clay content in SU, SH and BS, respectively. However, the sand content at TS is significantly higher (p < 0.05), being 115%, 122% and 122% times the value at SU, SH and BH, respectively. The soil texture is the same at all the topo-sequence positions, while the soil structure varied from fine granular at SU to granular at the TS. Other parameters, including K are not significantly (p > 0.05) different among all the topo-sequence positions.  On the long-term fallow, the clay content at BS, being 36-46% lower than at other positions on the topo-sequence, is significantly different (p < 0.05). The Ksat generally varied along the topo-sequence in order SU > SH >TS > BS. Ksat at SU, being 2, 6 and 7 times the value at SH, BS and TS, respectively, is significantly higher (p < 0.05). The soil texture is the same (sandy clay loam) at SU and SH; sandy loam at BS, loam at TS. The texture is fine granular at SU and SH, while it is granular at BS and TS. Other parameters and K are not significantly different (p > 
2

Table 4: Average values of soil parameters and erodibility of the two land uses on the southwest transect.
	[bookmark: RANGE!B2][bookmark: _Hlk201925427][bookmark: _Hlk201920364]
	Clay
	Silt
	Sand
	Texture
	SOM
	Ksat
	BD
	Soil structure
	K, 

	Slope
	-----------------%--------------
	-
	%
	mm.h-1
	Mg m-3
	-
	Mg h MJ-1 yr-1

	Position
	Cropland

	Summit
	28.8aA
	22.6aA
	48.6bA
	SCL
	2.86aA
	1.43aB
	1.36aA
	Fine granular
	0.0279aA

	Shoulder
	27.4aA
	26.6aA
	46.0bB
	SCL
	2.93aA
	1.49aA
	1.40aA
	Fine to coarse
	0.0291aA

	Back slope
	27.7aA
	26.6aA
	46.0bB
	SCL
	2.83aA
	2.04aA
	1.41aA
	Fine granular
	0.0282aA

	Toe slope
	22.8bA
	21.3aB
	55.9aA
	SCL
	2.78aA
	1.91aA
	1.21aB
	Granular
	0.0285aA

	
	
	
	
	
	
	
	
	
	

	Mean
	26.7
	24.3
	49.1
	
	2.85
	1.72
	1.35
	
	0.0284

	
	
	
	
	Long-term fallow
	
	
	
	

	Summit
	22.8aB
	25.9aA
	51.2aA
	SCL
	3.17aA
	2.97aA
	1.31aA
	Fine granular
	0.0273aA

	Shoulder
	21.4aB
	24.6aA
	54.0aA
	SCL
	3.27aA
	1.49bA
	1.38aA
	Fine granular
	0.0271aA

	Back slope
	14.7bB
	30.7aA
	54.6aA
	SL
	3.15aA
	0.40cB
	1.47aA
	Granular
	0.0303aA

	Toe slope
	21.4aA
	28.0aA
	50.6aB
	L
	3.05aA
	0.49cB
	1.52aA
	Granular
	0.0295aA

	Mean
	20.1
	27.3
	52.6
	
	3.2
	1.3
	1.4
	
	0.0286

	F x Slope (p<0.05)
	0.016
	0.140
	0.011
	
	0.698
	0.803
	0.514
	
	0.542



SOM: soil organic matter; Ksat: saturated hydraulic conductivity; BD: bulk density; K: soil erodibility factor; Fx Slope: land use x slope position; SCL: sandy clay loam; SL: sandy loam; L: loam. Average values in a column followed by different lower-case letters differed significantly among slope positions in a given land use at 5% level of probability by Tukey test. Average values in a column followed by different upper-case letters differed significantly between the two land use types in a given slope position at 5% level of probability by Tukey test.
[bookmark: _Toc210920877][bookmark: _Toc210920879]0.05). 

Comparing the cropped land and long-term fallow, the clay contents at SU, SH and BS on the cropped land is significantly higher (p < 0.05) than at the corresponding positions on the long-term fallow by 21%, 22% and 47%, respectively. The silt content at the TS of the cropped land is significantly lower (p < 0.05) by about 24% compared with the TS of the long-term fallow land. The sand contents at SH and BS on the cropped land are significantly lower (p < 0.05) than at the respective corresponding positions on the long-term fallow land by 15 and 16%, respectively. A significant difference (p < 0.05) exists between the sand content at TS, the content on cropped land being about 110% times that on the long-term fallow. The Ksat at BS and TS on long-term fallow, being about 20% and 26% times the Ksat at BS and TS on the cropped land, respectively, are significantly lower (p < 0.05). The Ksat at the SU on    the cropped land is significantly lower than that at the SU of the long-term fallow by about 52%. Other parameters, including K are not statistically different (p > 0.05) between the cropped land and the long-term fallow (Table 4).

3.3 Topographic factor, LS
The two components of LS, slope length (L) and slope steepness (S) were measured for each transect along the slope positions and calculated according to equations 3.4 and 3.5 respectively. While the slope length was different for each position on each transect, the slope steepness was found to be 0.89 for all. The topographic factor, LS of the study area, with respect to the topo-sequence and transects on the cropland and the fallow land are presented in Table 5 below. The LS factor on the north transects ranged between 0.09 at TS to 0.22 at SU and BS on the cropped land, and between 0.10 at TS to 0.24 at BS on the long-term fallow. For the southwest transects, the LS factor ranged between 0.13 at the TS on cropland, while it varied from 0.11 at the TS to 0.22 at the SU on the long-term fallow.

3.4 The crop management (land cover) factor, C
The LULC obtained from the GIS result indicated that the land use types in the study area are cultivated land and grassland (fallow). According to Miheretu et al. (2017), the crop management factor, C for cultivated land and fallow land are 0.25 and 0.01, respectively (Table 2).

3.5 Conservation practice factor, P
The studied area is generally terraced but are poorly maintained, The P-factor, according to Huffman et al. (2013), is likely to be the least reliable of all the USLE factors, as the impacts of 
Table 5: Quantity of soil loss (A) from the field.
	North Transect

	Land use
	Topo-sequence
	R-factor (MJ mm ha-1 h-1 yr-1)
	K-factor (Mg h MJ-1 mm-1)
	LS-factor
	C-factor
	P-factor
	Soil Loss   (Mg ha-1 yr-1)

	Cropland
	Summit
	1256.89
	0.03
	0.22
	0.25
	1.00
	1.89

	
	Shoulder
	1256.89
	0.03
	0.18
	0.25
	1.00
	1.72

	
	Back-slope
	1256.89
	0.03
	0.22
	0.25
	1.00
	1.98

	
	Toe-slope
	1256.89
	0.04
	0.09
	0.25
	1.00
	0.99

	
	Total 
	
	
	
	
	
	6.58

	Long Term Fallow
	Summit
	1256.89
	0.03
	0.22
	0.01
	1.00
	0.08

	
	Shoulder
	1256.89
	0.03
	0.18
	0.01
	1.00
	0.07

	
	Back-slope
	1256.89
	0.03
	0.24
	0.01
	1.00
	0.09

	
	Toe-slope
	1256.89
	0.04
	0.10
	0.01
	1.00
	0.05

	 
	Total 
	 
	 
	 
	 
	 
	0.29

	Southwest Transect

	Cropland
	Summit
	1256.89
	0.03
	0.16
	0.25
	1.00
	1.40

	
	Shoulder
	1256.89
	0.03
	0.13
	0.25
	1.00
	1.19

	
	Back-slope
	1256.89
	0.03
	0.20
	0.25
	1.00
	1.77

	
	Toe-slope
	1256.89
	0.03
	0.08
	0.25
	1.00
	0.72

	
	Total
	
	
	
	
	
	5.08

	Long Term Fallow
	Summit
	1256.89
	0.03
	0.22
	0.01
	1.00
	0.08

	
	Shoulder
	1256.89
	0.03
	0.18
	0.01
	1.00
	0.06

	
	Back-slope
	1256.89
	0.03
	0.31
	0.01
	1.00
	0.12

	
	Toe-slope
	1256.89
	0.03
	0.11
	0.01
	1.00
	0.04

	 
	Total
	 
	 
	 
	 
	 
	0.30


The values in bold character are the sum of the soil losses for each land use type on the two transects.






[bookmark: _Toc210920880]conservation practices vary with climate, soils, vegetation, and topography of the field, contoured rows, and terrace channels. Based on the above, coupled with poor maintenance of the terraces, the worst scenario of P = 1 is often used. Thus, our conservation practice, P is taken as unity (Table 5).

3.6 Evaluation of soil loss on the field
The soil losses from different sections of the field under the two land uses (cropped land and long-term fallow) for the north and southwest transects are presented in (Table 5). The soil loss on the cropland is about 20 times the soil loss on the long-term fallow. The order of soil loss on the cropped land for the two transects is BS > SU > SH > TS. However, the soil loss on the BS for cropped land in the north transect is 104%, 115% and 200% times the soil loss at SU, SH and TS, respectively, while in the southwest transect, the soil loss on the BS is for cropped land is 126%, 149% and 246% times the soil loss at SU, SH and TS, respectively. For the long-term fallow, the soil loss in the north transect is in order BS > SU > SH > TS. The soil loss at BS is 113%, 129% and 180% time the soil loss at SU, SH and TS, respectively. similar trend is observed on the southwest transect. However, the soil loss at the BS is 150%, 200% and 300% times the soil loss at SU, SH and TS, respectively (Table 5).
The total soil loss from the entire area, according to the equation 3.6 is 12.25 Mg ha-1 yr-1, with cropped land contributing about 95.2% of the loss (about 53.7% from the north transect and 41.5% from the southwest transect). The remaining 4.8% was from the long-term fallow land (approximately shared equally among the two transects).
[bookmark: _Toc210920881]
3.7 Relationship between soil properties and erosion characteristics
The results of correlation analysis between soil loss and the contributing factors are presented on Figure 3. The soil loss (A) exhibits a strong positive relationship with C (R = 0.92; p < 0.01) and clay content (R = 0.42; p < 0.01). However, an inverse relationship exists between A and sand content (R = -0.31; p < 0.05). The relationship of A with other factors, both direct and inverse, are not significant (p > 0.05). The soil clay content exhibits a significant negative relationship (R = 0.68; p < 0.01) with the soil erodibility factor (K), while it (clay content) displays a significant positive relationship (R = 0.47; p < 0.01) with the C factor. A significant positive relationship (R = 0.56; p < 0.01) exists between the soil silt content and K. On the other hand, sand content of the spoil has a significant inverse relationship (R = 0.31; p < 0.05) with C factor. A strong positive relationship (R = 0.49; p < 0.01) exists between the K and LS factor, while a strong negative relationship (R = 0.38; p < 0.01) exists between K and C. A significant inverse relationship (R = 0.29; p < 0.05) is exhibited between LS and C.
[image: ]
[bookmark: _Toc202669346]Fig 3: Pearson correlation between soil loss, soil properties and soil loss factor.
C: land use factor; LS is the topographic factor; K is the soil erodibility factor; SOM is the soil organic matter; BD is the bulk density; A is the soil loss and N is the number of samples. *means significant at p < 0.05; ** means significant at p < 0.01.    












3.8 Development of localized predictive model 
The regression analysis between A and the influencing factors are presented in Table 6. The regression analysis revealed that C is the most important factor influencing soil loss in the study area, accounting for about 84% of the soil loss in the watershed. Topographic factor LS is the second most influential factor, explaining about 70% of the soil loss in the watershed. The regression equation is given as:
              
where A is the soil loss (Mg ha-1 yr-1), C is the land use factor, LS is the topographic factor, K is the soil erodibility factor, clay is the percentage clay content of the soil, SOM is the soil organic matter (%) and silt is the percentage silt content of the soil.
Because of technical issues on soil sampling and cost of soil analysis, we could only use the available data (1-year field data) for developing the predicting equation. Therefore, we strongly recommend further field data collection to ascertain the validity of the predicting equation.

4.0 Discussion
The topographic factor (LS) was governed by the slope length (L) as the slope steepness was relatively consistent in percent. LS values were highest at the Back-slope (BS) positions on both transects (up to 0.31 0n the southwest transect). This is mechanistically consistent, as the BS typically represents the steepest and longest continuous slope segment in geomorphic sequence, maximizing the erosive energy of the surface runoff as defined by the USLE model. The high LS values confirm that the mountainous topography of Lesotho remains a powerful determinant of localized erosion intensity.

4.1 Spatial-temporal variability of erosion factors
The calculated rainfall erosivity (R) factor of 1256.89 MJ mm ha-1 h-1 yr-1 is characteristic of a sub-humid region with high rainfall intensity, affirming the intrinsic high erosion potential of the climate in in the study area.  This value is relatively high for the region (Zhao et al. (2023; Zhang et al., 2025) and emphasizes that the rainfall characteristics are a major non-mitigable driver of erosion risk.
The soil erodibility factor (K) showed significant variation across the watershed, largely influenced by the combined effect of clay content, soil structure, and saturated hydraulic conductivity (Ksat). The highest K values were consistently found at the Toe-slope (TS) positions, particularly on the long-term fallow land (0.038 Mg h MJ-1 mm-1 in the north transect). This is primarily attributed to the significantly lower Ksat observed at the TS and shoulder (SH) positions compared to the summit 
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Table 6: Step-wise regression of soil loss versus soil properties and soil loss factors for the watershed.
	Soil Loss vs

	Model
	R2
	ΔR2
	Reg (p-value)
	R2 change (p-value)

	C
	A = 0.014 + 5.77C
	0.839
	0.839
	< 0.001
	0.000

	C, LS
	A = -0.656 + 6.27C + 3.41LS 
	0.909
	0.070
	< 0.001
	0.000

	C, LS, K
	A = -1.375 + 6.45C + 2.86LS + 28.40K
	0.917
	0.008
	< 0.001
	0.045

	C, LS, K, Clay
	A = -2.53 + 6.20C + 2.62LS + 54.27K + 0.024Clay
	0.927
	0.011
	< 0.001
	0.015

	C, LS, K, Clay, SOM
	A = -3.60 + 6.27C + 2.47LS + 64.39K + 0.033Clay + 0.195SOM
	0.935
	0.007
	< 0.001
	0.038

	*C, LS, K, Clay, SOM, Sand
	A = -7.33 + 6.25C + 1.73LS + 105.76K + 0.074Clay + 0.309SOM + 0.028Sand
	0.942
	0.007
	< 0.001
	0.032


C:  land use factor; LS is the topographic factor; K is soil erodibility factor; SOM is the soil organic matter 
*Overall regression model 
C is the most important factor contributing to soil loss in the watershed, followed by LS and K. This is also reflected in the correlation result

(SU) and Back-slope (BS). Lower Ksat suggests reduced infiltration capacity, leading to higher surface runoff and greater susceptibility to detachment. The finding aligns with the typical process of collusion and illuviation, where fine soil particles (clay and silt) are transported downslope and accumulate at the toeslope (TS), reducing permeability and increasing erodibility (He et al., 2023). The difference in K factors between the cropland and fallow land, though not always statistically significant, suggests that continuous cultivation (cropland) has led to a slight homogenization of the K factor across the topo-sequence due to constant soil disturbance.

4.2 Land use, Topography and Predicted Soil Loss
4.2.1 Impact of land use factor (C)
The calculated average soil loss (A) for the watershed demonstrates a profound interaction between land use and topo-sequence. The average soil loss on active cropland was 1.49 Mg ha-1 yr-1, which is about 20 times higher than the average loss of 0.08 Mg ha-1 yr-1 recorded on long-term fallow land. This stark contrast is almost entirely attributable to the difference in C-factor (0.25 for cultivated land against 0.01 for fallow/grassland). This confirms the C-factor as the single most influential and manageable factor in erosion control within the watershed. The removal of perennial vegetation cover and continuous tillage exposes the soil to the high rainfall erosivity, drastically increasing the risk of detachment and transport (Tessema and Simane, 2021).  

4.2.2 Impact of topographic factor (LS)
Within the cropland, the highest soil loss rates were consistently found on the BS (1.98 Mg ha-1 yr-1) in the north transect and the summit (SU) positions. The high LS factor on the BS amplifies the erosion potential created by the high C-factor. Conversely, despite the highest K-factor occurring at TS, the shorter and less steep slope at this position resulted in the lowest predicted soil loss (0.72 - 0.99 Mg ha-1 yr-1) on cropland. This suggests that topographic influence (LS) overrides soil erodibility (K) in determining the spatial distribution of erosion severity in this watershed.  This conclusion is consistent with similar studies in hilly agricultural regions (Gelagay and Minale, 2016; Borrelli et al., 2017). 

4.3 Implication for Watershed Management
Although the calculated average soil loss (6.58 Mg ha-1 yr-1) within the Phuleng-e-Nyane watershed is generally lower than the national estimate estimated in millions of tons ha-1 year-1 from larger and more ragged catchment areas in Lesotho (Makara 2013), it still indicates a serious threat to local soil health and long-term sustainability. Furthermore, it shows the need for more extensive differential measurements in cropland watersheds of different agroecological zones. Critically, the localized erosion in specific areas, particularly the BS and SU positions of cultivated land shows rapid degradation that may exceed the tolerable soil loss limit of 5 - 11 Mg ha-1 yr-1 for deep soils (Kulimushi et al., 2021). When soil loss exceeds the tolerable thresholds of 5–11 Mg ha⁻¹ yr⁻¹, it can have serious consequences of how the soil functions and for the long-term agricultural sustainability (Di Stefano and Ferro, 2016). Soil loss above this limit outstrip the natural process of soil formation, stripping away the nutrient- and carbon-rich topsoil that are crucial for maintaining soil fertility, structural integrity, and effective rooting depth, negatively affecting crop productivity and water use efficiency. Beyond the immediate impacts on crop productivity, excessive soil loss could cause environmental issues off-site, including sediment buildup in waterways, nutrient runoff, causing harm to aquatic ecosystems (Rashmi et al., 2022). Over time, soil loss that exceeds acceptable limit weakens soil resilience and jeopardizes food security, forcing more dependence on external inputs. Therefore, management efforts should be spatially targeted. Interventions should focus on Cropland BS and SU positions by implementing management practices such as residue retention, strip cropping and repairing/constructing effective terraces. Enhancing and protecting existing vegetation cover is also very important, as evidenced by negligible erosion on fallow land. Promoting perennial crops or agroforestry on steeper sections would significantly reduce the soil exposure and consequently, reduce soil loss across the watershed. The single-season sampling did not capture inter-annual variability; hence we recommend that inter-seasonal field and weather data collection are prioritized in future studies. Furthermore, quantification of vegetation indices is advocated to improve the calculation of the land use factor.

Conclusion
This study utilized the USLE model in a GIS environment to quantify annual soil loss and identify its primary drivers in the Phuleng-e-Nyane watershed, Lesotho. The analysis clearly showed that erosion risk is predominantly controlled by land use practices and topo-sequence. Specifically, active cropland experienced a loss rate of 1.49 Mg ha-1 yr-1 which was approximately 20 times higher than the loss on long-term fallow land (0.08 Mg ha-1 yr-1), underscoring the critical role of vegetation cover in mitigating erosion. The highest erosion was localized on the Back-slope and Summit positions of the cultivated area, where the combined effects of long, steep slopes and exposed soil maximize soil loss. To achieve sustainable management, conservation strategies must prioritize enhancing soil cover through crop residue management and rotational grazing, alongside targeted implementation of conservation structures such as graded terraces and stone bunds on steep Back-slopes, thereby providing the necessary localized evidence for spatial planning.
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