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Effect of Land Slope on Soil Erosion Using Soil Bin
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A bst ract

oil Erosion is the physical removal of topsoil by falling raindrops, runoff Swater and gravitational pull. Soil erosion occurs in three main steps; 
detachment, transportation and deposition of soil particles downslope. 

Loamy and clay soils are the dominant soils in Makurdi and environment. 
Improper land use, has been causing serious soil erosion and land degradation 
across Nigeria. �is study investigated the effect of land slope on soil erosion 
using soil bin. Soil samples were taken from three different farms. Land slopes 
simulation was carried out using sandy, clay, loamy soil and water. Results 
revealed runoff (soil+ water) slopes (0-9%) ranged from 0.5 to 17.8kg for sandy, 
0.3 to 10.7kg for clay and 1.2 to 20.4kg for loamy soils. Runoff was less initially due 
to none soil saturation, but increased in �ows as slope gradient increased. Higher 
runoffs were from clay soil. It is recommended that land preparations for crops 
cultivation should be at lesser slopes.
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Background to the Study
Soil Erosion is the physical removal of topsoil by various agents, including falling raindrops, 
water �owing over the soil pro�le and gravitational pull (Lal 1990). Physical processes in soil 
erosion include detachment of soil particles, their transportation and subsequent deposition 
of soil sediments downslope by raindrop impact and runoff over the soil surface. Rainfall is the 
most important detaching agent (Morgan and Davidson 1986) followed by overland �ow in 
entraining soil particles (Lal 1990).

Soil erosion is one of the most severely environmental problems in the world (Zhanyu et al., 
2015), as it directly causes soil and water losses and soil degradation (Johnson and 
Shuaibu,2021). Soil erosion and soil loss, according to Lal (1990) have adverse effects on 
agriculture because they deplete the soil's productivity and diminish the resource base 
( . �e physical process of soil erosion occurs in three main steps, Tarolli et al, 2019)
detachment of soil particles, transportation and deposition of soil particles downslope by 
raindrop impact and runoff over the soil surface Abdus, 2001; Gangan et al., 2022) followed (
by overland �ow in entraining soil particles (Vaezi &Bigdeli,2023) Soil erosion reduces soil . 
productivity by physical loss of topsoil, reduction in rooting depth and loss of water. In 
contrast soil, soil depletion means loss or decline of soil fertility (  due to Oostererbaan, 2020),
crop removal or removal of nutrients by eluviation's from water passing through the soil 
pro�le. Sedimentation however, causes off site effects like degradation of basins ( , Peter, 2025)
accumulation of silts in water reservoirs and burial of low-lying productive areas and other 
problems. Sediments is the main cause of pollution and eutrophication. According to 
Adugna, (2024 soil degradation may be caused by accelerated soil erosion, depletion ), 
through intensive land use ( ,2021), deterioration in soil structure, Johnson and Shuaibu
changes in soil pH, leaching, salt accumulation, (Muleta, 2024, Ashena� and Bobe,2016) 
buildup of toxic elements such as aluminum or zinc, (Hailu et al,2019; Prodipto et al., 2024) 
excessive inundation leading to reduced soil conditions and poor aeration.

Researches indicate that the soil erosion process (Nada, andTijana,2020), is in�uenced by 
rainfall, overland �ow, topography, and soil properties (Liu et al., 2015; ). As soil Tao.et al,2022
erosion by rainfall is highly dependent on �ow hydraulic properties (�ow velocity, �ow regime 
and hydraulic resistance). �ese parameters are frequently used in predicting sediment 
concentration  Ajaz, & Mahesh, (2024). Zhang et al., (2007), found a linear . Lei et al, (2018);
function between �ow velocity and sediment transport. For a given shear stress, detachment 
rate by shallow �ow is primarily associated with �ow regime. 

Defersha and Melesse (2012) studied the effects of slope gradient and rainfall intensity on
sediment concentration with three soils (Eastern Ethiopia Alemaya Black soil, Regosols and 
Cambisols). �eir results showed that sediment concentration and sediment yield varied 
with soil type, which had textures ranging from clay to sandy clay loam. Consideration for 
sandy, loamy and clay soils showing the overlying soil, underlying rock which is known as “the 
Geotechnical dual structure”, subsurface �ow is a prominent runoff process (Jourgholam.et 
al,2021), in these soil slopes. However, few studies have focused on this runoff process and the 
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in�uence of the processes on sediment yielding process. �us, it is necessary to analyze the 
hydrological processes and the associated erosional responses on the sandy, loamy and clay 
soil slopes. We hypothesized that the hydrological processes and the associated erosional 
responses on the sandy, loamy and clay soil slopes can be described in terms of the 
combination of distance, rainfall intensity and slope gradient.

 Slope gradient has a stronger impact on sediment transport capacity than unit discharge and 
mean �ow velocity, this is most likely due to the fact that the tangential component of the 
gravity force increases with slope gradient (Ali, et al 2012).  According to Wang et al., (2015), 
in slope gradient and �ow discharge increases sediment yield rate. According to Feng et al., 
(2016), under conditions of low, moderate and high rainfall intensities, the sediment yield 
rates increase respectively, as the slope gradients increased from 5° to 20°. On the other hand, 
for the slope gradients of 5°, 10°, 15° and 20°, the sediment yield rates increased, as the rainfall 
intensities increases. �is result showed that sediment yield rate was more sensitive to rainfall 
intensity changes than to slope gradient changes. Similarly, Ziadat and Taimeh (2013) 
reported that rainfall intensity was the most important factor affecting soil erosion 
(Sinha,2021; Wandra, 2021), among rainfall intensity, slope gradient, land use and 
antecedent soil moisture. However, this result disagreed with Liu et al. (2015), who found that 
the sediment loss rate was more sensitive to changes in slope gradient than to changes in the 
rainfall intensity. �is may be associated with the difference in soil type, simulated rainfall 
intensity and slope gradient. Fang et al. (2015) and Lei, et al., (2023 found that the effects of ) 
slope and rainfall intensity on runoff and soil loss varied with soil type.

Sandy, loamy and clay soil are the dominant soils in Makurdi and environment. Many reasons, 
such as shallow and loose soil layers, improper land use, topography and numerous 
rainstorms, have caused serious soil erosion in the environment, which is a major 
environmental problem in Nigeria. Severe soil erosion can cause land degradation and 
ecological destruction ( Jiadong et al,2020). �erefore, it is essential to understand the 
mechanisms of soil erosion process in order to accurately predict Sandy, loamy and clay soil 
loss and implements speci�c soil and water conservation measures. 

�e problem of soil erosion has really aided in declining the quality of arable land in Nigeria 
where land tenure is characterized by subsistence small land holdings. Erosion threatens 
fertile farms lands for good crop production, yield for export and human consumption thus 
preventing guaranteed food security in the country. �ese are the current challenges to 
agricultural research and development policy in Nigeria. �e objectives of this study was to 
investigate rainfall hydrodynamic parameters of runoff which causes erosion, using soil bin, 
under varied slope gradients in sandy, clay and loamy soil; and analyze mechanism of surface 
�ow, relationship between sediment concentration and hydraulic parameters. �e �ndings 
and data are useful for the maintenance and prevention of soil erosion which destroys arable 
farm lands.�
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Materials and Methods
Experimental Materials
For this study, a 1.0 m long, 0.3 m wide and 0.12m deep rectangular wooden �ume with a 
wooden �oor wall covered with an amino plastic web material to prevent leakage was 
constructed (Figure 1) (Plate1). �e experiments were conducted on experimental �ume at 
laboratory of soil and water engineering, Federal University Agriculture Makurdi, Benue 
State, Nigeria. �ree soil samples (sandy, clay and loamy soil) were selected from within the 
environment as the main soil materials for the study. 

Figure 1: Experimental setup Apparatus

Plate 1: Constructed Soil Bin

Simulation of the Experiment
In order to minimize the difference among treatments, each soil sample were compacted in 
the rectangular �ume prior to each experiment, the test section was �lled with a 0.06m thick 
layer of the selected soil and saturated with water at �eld capacity (gravimetrically) for all the 
treatments as shown in Plate 2. At the beginning of simulation, water was gradually poured 

0 0through the gradient gently at slope of 0 – 9%, giving a range equivalents of 0 - 30.96 . As the 
�owing water erodes and transport the sediments, the mixture (sediment + water) was 
collected downwards using Sediment load collector, at each slope angle and selected soil 
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sample (Plate 2). �e simulation was repeated three times to ensure the results and the mean 
were taken. Runoff samples with sediment were allowed to se�led and separated from the 
water. �e sediment was oven-dried at 105℃ for more than 8 hours, before it was weighed to 
ascertain the sediment load in kilograms.

Plate 2: Simulation of   Different Types of soil Samples.
 
�e experiment was repeated using a different approach with different soil samples from 
different soil sites. �is approach used four slope gradients (5°, 10°, 15° and 20°), which serves 
as representative of main slope gradients in the environment. Standard procedures were 

0 0maintained. Water was equally poured through the gradient gently at varying slopes of 5 , 10 , 
0 015  and 20 . Standard procedures were equally followed to collect the �owing water and 

transported sediment, and oven dried before measurement were done in kilograms.

Result and Discussion
Results
�e effects of run off caused by various land slopes on the initial experiment where percentage 
slopes were used on gradients are presented in Tables 1-3, representing the sandy soil, clay and 
loamy soils respectively. �e results from the second approach using slope gradients in 
degrees (°) are presented in Tables 4 -5.

Discussion 
Initial Experiment: From the experimental results of the three soil samples (clay, sandy and 
loamy) (Table 1, 2 and 3) respectfully. Run off (soil + water) for the various slope percentages 
(0-9%) ranged from 0.5 to 17.8kg in sandy soil. Water use at each percentage slope reduces 
with time, this is because the high initial use of water (99.03L) was absorb by soil, hence 
subsequent use reduces with time due to saturation. �e run off (soil + water) in clay soil for 
the various slope percentages (0-9%) ranged from 0.3 to 10.7kg (Table 2). Water use at each 
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percentage slope reduces with time, the high initial use of water the (15.36L) was absorb by 
soil, hence subsequent use reduces due to saturation. �e run off (soil + water) in loamy soil 
ranged from 1.2 to 20.4kg (Table 3). High initial use of water (18.88L) was absorbed by soil, 
hence subsequent use reduces with time due to saturation. �e variation in water runoff is 
indicated as shown in graphs (Figures 2, 3 and 4). �e soil loss and water displaced increased 
with respect to the change in slope. �e water absorbed by the soil bin reduces as the change in 
slope increases.

Table 1: Hydraulic Sediment on Slope Erosion from Sandy Soil 

Table 2: Hydraulic Sediment on Slope Erosion from Clay Soil

Slope  
%

 

Slope 
angle

 (o)

 

Time 
taken 

 (min)

 

Water 
used

 (L)

 

Run off  
(Soil + water)

 (kg)

 

Soil loss  
(kg)

 

Water 
displaced

 (L)

 

Water 
absorbed by 
the bin(L)

 0

 

0

 

5.30

 

96.20

 

0.5

 

0.2
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96.03

 1

 

3.8

 

4.38
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1

 

0.7
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85.72

 
2

 

7.5

 

4.10

 

71.4

 

2.4

 

1.2

 

320

 

71.08

 
3

 

11.3

 

3.63

 

51

 

3.2

 

2.4

 

390

 

50.61

 

4

 

14.9

 

3.40

 

43

 

3.4

 

2.7

 

430

 

42.57

 

5

 

18.4

 

3.10

 

31

 

4.4

 

4

 

580

 

30.42

 

6

 

21.8

 

2.80

 

28

 

5

 

4.7

 

780

 

27.22

 

7

 

25.0

 

2.2

 

21.20

 

7

 

5.3

 

970

 

20.23

 

8

 

28.1

 

1.56

 

15.1

 

13.3

 

7.4

 

1800

 

13.30

 

9

 

30.96

 

0.57

 

9.70

 

17.8

 

11.4

 

2100

 

7.60

 
 

Slope  
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angle  
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taken  
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Water 
used  
(L)

 

Run off  
(soil+water)  
(kg)

 

Soil loss  
(kg)  

Water 
displaced  
(L)

 

Water 
absorbed 
by Bin

 
(L)  

 0

 
0

 
1.5

 
15.3

 
0.3

 
0.1

 
0.21

 
15.09

 1

 

3.8

 

0.58

 

10.3

 

0.5

 

0.4

 

0.29

 

10.01

 2

 

7.5

 

0.48

 

7.8

 

0.9

 

0.5

 

0.35

 

7.45

 
3

 

11.3

 

0.41

 

6.90

 

2.4

 

1.3

 

0.68

 

6.22

 
4

 

14.9

 

0.37

 

6.0

 

2.8

 

2.5

 

0.71

 

5.29

 

5

 

18.4

 

0.35

 

5.8

 

4.1

 

2.7

 

0.83

 

4.97

 

6

 

21.8

 

0.33

 

5.4

 

5.7

 

4.4

 

1.10

 

4.30

 

7

 

25.0

 

0.31

 

5.2

 

7.4

 

5.2

 

1.20

 

4.00

 

8

 

28.1

 

0.28

 

4.8

 

8.8

 

7

 

1.50

 

3.30

 

9

 

30.96

 

0.25

 

4.1

 

10.7

 

8.1

 

2.10

 

2.00
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Table 3: Hydraulic Sediment   on Slope Erosion from Loamy Soil

ndTable 4: Hydraulic Sediment on Slope Erosion (2  Experiment)

ndTable 5: Sediment Yield as the Slope Gradients Increased (2  Experiment)

�e measured runoff capacity for the selected Sandy, Clay and loamy soils at distance of one 
o o o o o ometer in ten seconds on four slope gradients (0 , 3.8°, 7.5°, 11.3 , 14.9 , 18.4 , 21.8 , 25.0 , 

o28.1 , and 30.96°) are given in Table 1-3. �e graph of runoff load of the three soils against the 
gradient is shown in �gures 1, 2 and 3. Soil erosion is a process of detachment and 
transportation of soil materials( Jourgholam et al, 2021), by erosive agents (here water), there 
was signi�cant difference in the runoff yield rate among different slope gradients (Table 1-3), 
runoff yield rates(  et al,2024),increased with increases in both rainfall intensity and Nang
slope gradient (Figure2 - 4). 
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0.45

 
18.88

 1

 

3.8

 

1.10

 

16.1

 

1.8

 

1.2

 

0.62

 

15.48

 
2

 

7.5

 

0.56

 

14.1

 

2.4

 

1.9

 

0.63

 

13.47

 
3

 

11.3
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6

 

21.8
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9

 

30.96
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122.0
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5.3
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Figure 2:  Increase in runoff against slope gradient on sandy soil

Figure 3:  Increase in runoff against slope gradient on clay soil

Figure 4:  Increase in runoff against slope gradient on loamy soil
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�e runoff rates increased by 0.5, 1.0, 2.4, 3.2, 3.4, 4.4, 5.0, 7.0, 13.3 and 17.8kg in sandy soil; 
0.3, 0.5, 0.9, 2.4, 2.8, 4.1, 5.7, 7.4, 8.8 and 10.7kg in clay soil and 1.2, 1.8, 2.4, 3.3, 4.8, 5.5, 6.8, 

o9.0, 13.9 and 20.4kg in loamy soil respectively, as the slope gradients increased from 0 , 1.8°, 
o o o o o o7.5°, 11.3 , 14.9 , 18.4 , 21.8 , 25.0 , 28.1 , and 30.96° respectively(Table 1- 3).

Second Experiment: �e measured sediment transport load for the selected Sandy, Clay and 
0 0 0 0loamy soils at distance of one meter in ten seconds on four slope gradients (5 , 10 ,15  and 20 ) 

are as shown in Table 4. �e graph of sediment transport load of the three soils against the 
gradient is shown in Figure 5. 

Soil erosion is a process of detachment and transportation of soil materials by erosive agents 
(here water). �ere was signi�cant difference in the sediment yield rate among different slope 
gradients (Table 4). Sediment yield rates increased with increases in both rainfall intensity 
and slope gradient (Figure 5). �is pa�ern accorded with other studies (Abdelali et al.,2025) 
in slope gradient and �ow discharge increasing sediment yield rate (Bingyi and Xinrong, 
2022).

Figure 5: Sediment transport load of the three soils against slope gradient

�e sediment yield rates increased by 6.6, 12.1, 122.0 and 87.6 in sandy soil, 2.9, 7.1, 5.3 and – 
5.5 in clay soil and 1.4, 4.4, 24.6, and 12.8 in loamy soil respectively, as the slope gradients 
increased from 5°, 10°, 15° and 20° (Table 5).

Conclusion
�is study investigated the sediment transport capacity of �ows within arti�cial rill channels 
at various slope gradients using sandy soil, clay soil and loamy soil as the sediment source 
material. Sediment transport load notably increased with increases in both the �ow discharge 
and the slope gradient. By comparison, predicting sediment transport capacity resulted in a 
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poor accuracy. Sediment transport requires regular veri�cation even though several previous 
models have been developed. Sediment transport capacity under different soil conditions 
could be accurately predicted by derived empirical relationship with �ow discharge and slope 
gradient or by the relationship with �ow velocity. �e differences between the relationships 
determined by this study and those of other studies can be a�ributed to the use of a non-
erodible bed and soil as the sediment source, rill width and ranges of �ow discharge and slope 
gradient.
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