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Abstract 
Savanna regions in Nigeria face environmental degradation and barren land, 
negatively impacting food and agricultural productivity. Inter-rill erosion oc-
curs due to raindrop impact and transport, particularly on hill slopes. A study 
was conducted using a sprinkler rainfall simulator and plot experiment to 
study soil erosion processes. Soil samples were collected from four farms in 
Gidan Kwanu, with varying moisture content. Sand content ranged from 
46.0% to 76.20%, silt from 11.30% to 23.50%, and clay from 11.0% to 30.0%. 
Uncultivated and bare land had a higher average porosity (15.47% and 14.99%), 
while cultivated land had lower porosity (14.4%). The study found that most 
people in Gidan-Kwanu primarily practice farming, which is season-depen- 
dent and rain-fed. Soil type and texture significantly contribute to inter-rill 
erosion, with cultivated and uncultivated soil being more resistant to erosion 
than bare land soil. The study concluded that farming practices in Gidan- 
Kwanu are primarily season-dependent and rain-fed. Soil type and texture 
significantly contribute to inter-rill erosion, with cultivated and uncultivated 
soil being more resistant to erosion than bare land soil. 
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1. Introduction 

Soil erosion is a significant issue in the agricultural environment, affecting crop 
production and environmental degradation [1]. It is a two-phase process consist-
ing of detachment of individual particles and their transport by erosive agents 
such as flowing water and wind [2]. The rate at which erosion occurs depends on 
the individual agents responsible for soil erosion [1]. A field analysis was con-
ducted to evaluate the effect of slope steepness, soil strength and texture, and 
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rainfall intensity on inter-rill soil in the Gidan-Kwanu Area of Niger state, Nigeria. 
Most savanna regions in Nigeria suffer from environmental degradation and 

barren land, which has a detrimental impact on food and agricultural productiv-
ity and production [3]. As much as 75 billion tons of soil are removed from the 
land by wind and water erosion, with most coming from agricultural land [4] 
[5]. The major effect of soil erosion is the loss of arable land suitable for sup-
porting agricultural production. To prevent soil erosion, appropriate soil con-
servation measures may be required, and understanding the mechanics of ero-
sion and quantifying the current rate of erosion is crucial [6]. 

Inter-rill erosion occurs in an area where all detachment is due to the forces of 
raindrop impact and transport, primarily by overland flow, especially on hill 
slopes [7]. Different factors affect the rate of soil erosion from inter-rill areas, 
leading to decreased productivity of the upslope area due to the movement of 
topsoil. The main factors that cause erosion on inter-rill soils include soil slope, 
soil texture, soil strength, and rainfall intensity. 

Farmlands in Gidan-kwanu also experience inter-rill erosion, which has gradu-
ally become a problem over time as farmers face soil and nutrient loss on their 
farmland due to rainfall intensity and the land slope. This study aims to deter-
mine and analyze the effect of some physical factors on some inter-rill soils in 
some farmlands in Gidan-kwanu. 

2. Materials and Methodology 
2.1. Study Area 

The study is conducted in Gidan-kwanu village, the main campus of the Federal 
University of Technology, Minna, located 10 km from the central part of Minna in 
Niger state on longitude and latitude of 9.536959, 6.443874; 9.5369208, 6.4463920 
and 9.544332, 6.472059 respectively. The soil profile is mainly Alfisols, ranging 
from sandy loamy to sandy clay with low cation exchange capacity. The geology 
and parent materials are complex basement, and the topography is nearly level 
2%. The study was conducted on farmland areas with crop cover, bare land, and 
grassland.  

Minna is a sub-humid climate with a mean annual rainfall of 1209.7 mm and a 
distinct dry season lasting 5 months from November to March [8]. The area 
features gently undulating high plains on complex rocks, with bedrock being the 
major parent material. The annual rainfall is 36.192 inches, with the driest peri-
ods occurring from March to November. The highest amount of rain is received 
in August and September, with 16 days of precipitation in each month. Gidan- 
Kwanu is home to the Southern Guinea Savanna Vegetation, characterized by 
grassland, shrubs, and trees, with Guinea grass being the major grass species [9]. 
The land use in the area is mainly agriculture and habitat. 

2.2. Rainfall Intensity 

The study used a sprinkler rainfall simulator to simulate rainfall on soil [9]. The 
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initial 1-hour application was around 64 mm/h, followed by a second 1-hour wet 
run 24 hours later. The rainfall characteristics were similar to natural rainfall, 
with a mean intensity of 49.1 mm/h. Tap water was used for the simulations, and 
although lower erosion rates were observed for some soils using tap water in-
stead of deionized water, the effects were assumed to be negligible for the soil 
due to its clay mineralogy and low sodium content. The study was conducted 
during a period of low precipitation in the study area. 

2.3. Soil Erodibility and Runoff 

A plot experiment was conducted to study soil erosion processes and assess it at 
a site. The soil erosion mass was measured under different rainfall and soil con-
ditions using a rain simulator and sprinkler [9]. The runoff was sampled every 2 
- 5 minutes for 80 minutes, with sediments splashed off the tray’s front. Net 
downslope splash erosion was measured, not total splash erosion, which is lost in 
all directions. Downslope splash erosion rates were slightly underestimated. Splash 
and runoff samples were oven-dried at 105˚C to obtain soil loss in gm/min. The 
experiment aimed to show the effect of rainfall intensity and derive the USLE. 

2.4. Rainfall and Runoff 

The study utilized a 1.24 m long, and 1.2 m wide catchment area made of wood, 
a rain simulator to initiate rainfall, a rain gauge to measure intensity, and a spe-
cific volume container to collect runoff, following the work of Musa et al., [10]. 
The depth of runoff was calculated using: 

( )
( )

3

2

Vol
Depth

ume m
of r

Ar
unoff

ea m
=                    (1) 

2.5. Soil Sampling 

Soil samples were collected from four farms in Gidan Kwanu, labelled A, B, and 
C. Three samples were randomly collected on each farmland, while three were 
collected from areas with severe erosion. The samples were collected at depths of 
15 – 25 cm due to the major crops being deep-rooted. The soil was collected us-
ing a soil auger, gently driven 15 – 25 cm into the ground in each location. The 
samples were carefully removed and emptied into containers with lids to prevent 
moisture escape. About 6 containers weighing 1.5 kg were collected from each 
location, labelled with paper tape following the method stated by Musa et al. [11] 
[12]. The samples were taken to the laboratory for analysis, with four core rings 
used in each location for soil sample collection. 

2.6. Data Collection 

The Mechanical soil analysis and Fractionalization method was used to deter-
mine the particle size of soil samples, which helps estimate the sand, silt, and 
clay particle content [13]. The samples were sieved using a 2 mm sieve and col-
lected into containers. A 5 % sodium hexametaphosphate solution was prepared 
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by dissolving 50 g of sodium hexametaphosphate in 1 litre of distilled water. The 
solution was added to each sample in the containers, and the soil suspensions 
were stirred with a mechanical stirrer for 15 minutes. The soil suspensions were 
then transferred to a 1-litre capacity measuring cylinder, and distilled water was 
added to each cylinder. The cylinders were stirred for 2 minutes to ensure all 
particles were in suspension. A hydrometer was inserted into each soil suspen-
sion, and readings were recorded at 40 seconds. The thermometer readings were 
also taken immediately after the hydrometer readings. The cylinders were left 
undisturbed for 2 hours, and the hydrometer and thermometer readings were 
measured and recorded. The Soil textural class was determined from the result 
of particle size analysis. The various percentages of sand silt and clay were de-
termined and aligned on the soil textural triangle. 

2.7. Bulk Density 

The coring method was employed to determine the bulk density of soil samples. 
Core rings were gently driven into the ground and removed without disturbing 
the samples. Samples were stored in polyethene bags and oven-dried at 120˚C 
for 24 hours. Precautions were taken to avoid compaction within the core cylin-
der. Dry Bulk Densities were calculated by dividing the weight of dried soil per 
unit volume. The bulk density is normally expressed as g/cm3. 

weight of dried soil Weight of container
volu

Bulk dens
me of core n

ity
ri g

=
−         (2) 

2.8. Total Porosity 

The total porosity was calculated using the values obtained from the determined 
bulk densities of the soil samples. 

( ) 1Total porosity 0% 1 0b
p
ρ

ρ
 −

× 
 

=                   (3) 

Where ρb = dry Bulk density (Mg/m3) and ρp= particle density (Mg/m3). 

3. Results and Discussion 
3.1. Soil Textural Classification 

The study found that the soil aggregate in various locations was predominantly 
sandy, with the highest amount found on bare land. This aligns with previous 
research by Musa et al. [11], indicating that sandy soil is a significant soil in the 
area. Table 1 displays the soil textural class of soil samples collected at different 
farmlands, illustrating the particle size distribution of the soil. 

3.2. Moisture Content 

Table 2 shows the moisture content of soil on cultivated farmland, collected at 0 
– 10 cm depth and 15 - 25 cm depth to avoid affecting plant roots. The average 
moisture content was determined from samples in each study area, with the  
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Table 1. Soil textural classification on cultivated land, uncultivated land, and bare land. 

Land Condition Samples %Sand %Silt %Clay Textural class 

 1 68.91 16.72 14.37 Sandy Loam 

Cultivated 2 64.25 20.71 15.05 Sandy clay loam 

 1 56.00 23.50 20.50 Sandy clay loam 

Uncultivated 2 46.00 24.00 30.00 Loam 

 1 76.20 12.80 11.00 Sandy Loam 

Bare-land 2 68.80 11.30 19.90 Sandy Loam 

 
Table 2. Moisture content for the various land conditions. 

Land  
Condition 

Sample Soil depth (cm) 
Weight of  

container (g) 
Weight + sample 

Weight of  
oven-dried sample 

Moisture  
content (%) 

Average Moisture  
content (%) 

Cultivated 

1 0 - 10 20 145.048 129.40 14.30 

7.88 2 10 - 20 20 145.268 139.438 4.89 

3 20 - 25 20 153.317 147.641 4.45 

Uncultivated 

1 0 - 10 20 148.20 142.52 4.65 

8.83 2 10 - 20 20 139.45 133.62 5.14 

3 20 - 25 20 129.54 113.89 16.69 

Bare 

1 0 - 10 20 142.72 137.51 4.44 

2.2 2 10 - 20 20 139.20 138.96 0.20 

3 20 - 25 20 127.39 125.32 1.97 

 

highest moisture content percentage at the surface level and least at the depth 
where the soil was collected. The average moisture content for the uncultivated 
land showed the lowest moisture content at the soil surface level and highest at the 
soil collected, and the percentage moisture content increases gradually with soil 
depth while the soil moisture content for the bare land showed that it was least at 
farmland depth and highest at surface level and decreases as soil depth increases. 
This indicates a correlation between soil moisture content and soil quality. 

3.3. Bulk Density and Porosity 

The soil sample underwent laboratory analysis to determine its bulk density and 
porosity, revealing the percentage of micro-pore spaces available for water and 
air movement. The study used the same core ring across all areas, resulting in an 
average bulk density of 1.12 - 1.21 g/cm3 and porosity of 14.44% - 15.47% as 
presented in Table 3. This is similar to the findings of Musa et al. [14]. 

The study reveals that rainfall intensity varies across farmland types, with bare 
land having the least rainfall intensity application rate and highest sediment 
yield (Figure 1). Cultivated farmland has the most negligible sediment yield at 
high rainfall intensity, possibly due to reduced runoff velocity due to vegetation 
cover. 
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Table 3. Bulk density, Particle density and porosity. 

Land Condition Sample 
Bulk Density  

(g/cm3) 
Particle Density  

(g/cm3) 
Porosity (%) 

Average BD  
(g/cm3) 

Average PD  
(g/cm3) 

Average Porosity (%) 

 1 1.11 1.32 15.91    

Cultivated 2 1.22 1.42 14.08 1.21 1.41 14.44 

 3 1.3 1.45 13.33    

 1 1.24 1.36 14.48    

Uncultivated 2 1.16 1.36 14.7 1.12 1.32 15.47 

 3 0.96 1.16 17.24    

 1 1.19 1.4 15    

Bare-land 2 1.21 1.4 13.57 1.16 1.36 14.99 

 3 1.07 1.28 16.4    

 

 

Figure 1. Rate of sediment yield at different rainfall intensities. 

3.4. Soil Erodibility and Runoff 

Table 4 presents the rate of sediment accumulation as raindrops hit the soil sur-
face. Rain intensity was measured using a rain gauge, and sediments were col-
lected from runoff using a barrel and oven-dried to calculate soil loss on each 
farmland after 10 minutes of rain. 

4. Discussion of Results 

Gidan-Kwanu’s indigenous people primarily engage in farming during the rainy 
season, preparing for rainfall to control various crops in the locality. The study 
revealed that farming is predominantly conducted by males and females, with 
many relying on rainfall and some using irrigation, and the types of crops planted 
are annual and biennial. Most farmlands involve manual planting and cultiva-
tion, with 60% of farmers using inorganic and organic fertilizers, as well as chemi-
cal pesticides, herbicides, and pesticides. 

The soil samples from the study areas had high sand and loam content, with 
average clay content. The soil belongs to a textural class of sandy loam, except 
for uncultivated farmland with loamy soil. Sand content ranged from 46.0% to 
76.20%, silt from 11.30% to 23.50%, and clay from 11.0% to 30.0%. These values  
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Table 4. Soil runoff in the selected study area. 

Land  
Condition 

Sample 
Time 
(min) 

Rainfall intensity 
(mm/min) 

Sediment yield 
(kg) 

Weight of dry 
runoff (kg) 

Volume of  
barrel (m) 

Soil loss 
(kg/m) 

Soil loss 
(kg/ha) 

Cultivated 
1 0 - 10 35.50 0.928 0.678 

36.70 
0.018 2.89 

2 10 - 20 38.70 0.702 0.452 0.012 1.93 

Uncultivated 
1 0 - 10 40.30 1.000 0.750 

36.70 
0.020 3.21 

2 10 - 20 39.00 0.770 0.500 0.014 2.25 

Bare 
1 0 - 10 23.40 1.254 1.074 

36.70 
0.029 4.66 

2 10 - 20 24.00 0.720 0.720 0.020 3.21 

 

align with previous research by Abdulkadir [14] [15]. Uncultivated farmland had 
higher clay and silt content compared to cultivated and bare land.  

The moisture content of soil samples for the bare land shows a low content 
compared to cultivated and uncultivated farmland. The average moisture con-
tent values range from 0.20% to 16.69%, similar to previous studies by Musa et 
al., [11] in the same location. They also noted that the difference in moisture 
content between cultivated and uncultivated farmland can be attributed to soil 
types/texture. 

The study analysed soil strength and compaction using bulk density and po-
rosity values. The results showed that cultivated farmlands had higher average 
bulk densities than uncultivated and bare farmland. However, these values were 
lower in previous studies in Gidan-Kwanu. Bulk density values ranged from 
1.458 g/cm3 to 1.606 g/cm3, with differences attributed to the volume of the core 
ring and the depth of the soil sample. The results align with Enokela and Egha- 
revba’s [16] bulk density values of 1.04 g/cm3 to 1.80 g/cm3. The porosity of the 
soil sample showed that uncultivated and bare land had higher average porosity 
(15.47% and 14.99%), while cultivated land had lower porosity (14.4%). This 
difference is consistent with Musa et al.’s [11] work, which ranges from 7.05% - 
57%. Soil disturbances were found to be a contributing factor to the lower po-
rosity of cultivated farmland. 

The initial rainfall gave room for more sediment from runoff than other ap-
plications, even with higher rainfall intensity. This could be due to the soil’s 
natural cohesive force. The sediments were oven-dried to determine soil loss on 
each farmland at a mean intensity of 33.48 mm/min, with a range of 23 - 40 
mm/min rainfall intensity. Runoff sediments on bare land have more runoff 
than cultivated and uncultivated farmland which is similar to the works of Abua 
et al., [17]. 

The cultivated and uncultivated soils had higher moisture content than bare 
land, indicating low water-holding capacity. The slope steepness of the lands is 
less than 3%, indicating flat topography, which is in accordance with Kuti and 
Ewemoje’s [18] work. 

The porosity of farmlands, ranging from 15% - 20%, indicates small pore 
spaces, with water moving more quickly through these spaces than in cultivated 

https://doi.org/10.4236/jep.2024.154027


E. A. Otuaro et al. 
 

 

DOI: 10.4236/jep.2024.154027 482 Journal of Environmental Protection 
 

and uncultivated farmlands. This is due to the sandy soil texture on bare land, 
which makes water storage difficult. Cultivated farmland has the highest bulk 
density, indicating soil strength, possibly due to plant root growth and external 
forces. This is consistent with the work of Akinola et al. [19] work. 

The slope of the study area which generally affects rainfall impact, detachment 
process, and runoff velocity, was observed to be flat, which may not significantly 
affect soil interrill erosion. Previous studies have shown that slopes less than 3 % 
do not affect soil erodibility. The soil samples for the cultivated and uncultivated 
farmland had soil characteristics that hold water and have good cohesive force 
for resisting erodibility, increasing their erodibility to some extent. Bareland has 
the least clay composition, with a high surface area-to-volume ratio, making it 
more resistant to interrill. Uncultivated land is more porous and has less bulk 
density, possibly due to less agricultural activities and soil disturbance. This 
makes the farmland less erodable. Rainfall intensity is powerful on exposed or 
without vegetation cover, resulting in more soil loss than cultivated farmland. 
The average soil loss calculated by the weight of dried sediments to the volume 
of barrels used to collect sediments from cultivated and uncultivated farmland is 
lower than that from bare land, with an average soil loss of 3.935 kg/ha. This is 
because the soil texture results from cultivated and uncultivated farmland show 
that the soil can hold more water than bare land soils, making it more dispersible 
by erosion agents. This is following the work of Musa et al. [11]. 

5. Conclusion 

The study found that most people in Gidan-Kwanu primarily practice farming, 
which is mainly season-dependent and rain-fed. Soil type and texture signifi-
cantly contribute to inter-rill erosion, with cultivated and uncultivated soil being 
more resistant to erosion than bare land soil. The entire range of soil slope has 
little to no contribution to soil detachment, as the initial application of rainfall 
decreases inter-rill soil loss. Rainfall intensity accounted for the total erosion of 
all farmlands, as it increases the transport capacity of runoff. The study con-
cluded that bare land farms are mostly affected by soil type and rainfall intensity 
as physical factors in Gidan-Kwanu. Soil exposed to raindrop impact is easily 
detached, suggesting the use of crop cover and crop residue to reduce the effect 
of raindrops. Soil type and vegetation also help minimize the impact of rainfall 
intensity, as the least rainfall intensity results in more sediment yield. 
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