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Abstract

The impact of raindrop on sandy soil was studied using rainfall simulator and
natural rainfall to determine average soil detached. Erosion by rainfall is one
of the major hazards threatening the productivity of farmlands. This study
determined the rate of soil detachment in comparison between natural rain-
fall and simulated rainfall for effective soil conservation measure. The height
of the simulator was varied considering the diameter of the nozzles which
were considered during the design stage of the rain simulator. Two plots of
dimensions 2 m x 2 m each were cleared with one considered for bare and
treated soils for both the natural rainfall and simulated rainfall. Splash cups
were installed on each of the plots at half depth of the cup after the clearing of
the area at 0.4 m x 0.4 m apart. Two sets of rain gauge were placed at the ex-
perimental site to note the volume of natural rainfall on the farm. The aver-
age soil detached was analysed using statistical analysis where t-test was also
carried out to know the difference in mean. There was a significant difference
in the degree of soil detachment between bare and treated soil under natural
rainfall experiment; t(18) = 8.917, p < 0.01. The mean of the natural rainfall
for the bare soil was 11.6910 compared to that of the treated soil of 7.75. Size
of effect (Eta-square (7/) = 0.8154) reveals that the nature of soil accounted
for 81.5% variance in the average detachment rate. For simulated experiments
with a mean value of 7.3360 have higher tendency of detachment than treated
soil with a mean value of 4.2240. Size of effect (Eta-square (7°) = 0.630) re-
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veals that the soil types accounted for 63% variance in the average detach-
ment. It was concluded that 40.33% soil was found to be conserved using the
cow dungs mixed with bare soil to compact the soil. The nozzle size, simula-
tor height, rainfall intensity and other rainfall parameters all contributed to
the amount of average soil detached.
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1. Introduction

The process of soil erosion by water comprises of two main agents (wind and
water), which causes the detachment and transportation of soil particles. Drop
impact and runoff are complementary processes that occur separately or in
combination [1] [2]. Raindrop impact sets in when the first raindrop strikes the
soil, and through its capacity to detach soil particles, this process represents the
first stage in soil erosion by water [3] [4]. Soil detachment is defined as the dis-
lodgment of soil particles from the soil mass at a particular location on the soil
surface [2] [5]. The dislodgment is caused by the forces of impact on the soil
which occurs primarily through the process of rain splash and later becomes the
overland flow [6] [7] [8]. Four basic detachment and transport processes have
been identified, including detachment by raindrops, detachment by flowing wa-
ter, transport by raindrops, and transport by flowing water. Different types of
erosion can occur within a field depending on soil detachment, transport and
detachment methods [9] [10]. The most common types of water erosion ob-
served in agricultural fields are splash, sheet, rill and inter rill erosion [11] [12].

Mulching soil is one of the best management practices (BMPs) to control ero-
sion on sloping lands [13] [14]. The effectiveness of a wide range of mulch mate-
rials on reduced soil detachment, transport, and modifying hydraulic characte-
ristics of runoff has been widely studied under simulated rainfall and field con-
ditions by several researchers [15] [16] [17] [18].

Sediment flow has a relationship between the impact of rain drop and the de-
tachment rate of soil by flow. Wang et al [19] studied explicitly the impact of
sediment load on detachment rates in rills, and showed that both bed load and
suspended load significantly reduce detachment rates in rills. Turbulence is a
necessary and critical component of detachment of soil by flowing water [20].
This phenomenon is commonly referred to as a sediment feedback relationship
[21] [22]. The main objective of this project is to determine the rate of soil de-

tachment in comparison with natural rainfall for effective soil conservation.

2. Materials and Methods
2.1. Study Site Description

The project was carried out on the College of Engineering Experimental Farm at
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Federal University of Agriculture, Abeokuta in Ogun state which is situated
northeast of Abeokuta, the capital of Ogun State. It lies between longitudes 3°26'32"E
and latitudes 7°13'52"N the land mass of the site is five Hectares (5 Ha) and lies
within the geographical boundary of Odeda Local Government Area Abeokuta,
Ogun State, Nigeria.

Land slope of the locations varied between 2% and 3%. The vegetation is
mainly secondary forest. The annual rainfall is 1200 mm. Particle size distribu-
tion investigated revealed that the soil texture at both locations was sandy loam

[23]. The dominant soil in the study locations is classified as an Alfisol.

2.2, Site Set Up

The farm land area that was used to carry out the experiment was cleared to
maintain a bare soil so as not to disturb the soil. A topographic survey was car-
ried out to know the dimensions and the slope of the land; also the latitude and
longitude of the location were determined. Two plots dimension of (2 x 2) m
was cleared, the first plot was bear soil and the second plot was treated soil (soil
mixed with cow dungs) that serves as a control to the experiment. Experiment
was conducted both for natural rainfall and rainfall simulator on the site. Splash
cups were installed on the farm site at half depth of the cup after the clearing of
the area at (0.4 x 0.4) m apart. Two sets of rain guage were placed at the farm
experimental site to note the volume of natural rainfall on the farm.

After each rainfall, the detached soil that fell into the splash cup was taken and
oven dry and the soil detached measured, after which the splash cup was reins-
talled before the next rainfall. To avoid sediment loss, some drainage is allowed
with small holes at the edges of the cups to allow drainage. A porous membrane
allows water drain out slowly but prevents sediment loss from the cup. The clas-
sical method for quantifying detached soil relies on the use of detach cups, or
small traps that collect soil particles detached and transported by splash [24]
[25].

The rainfall simulator was constructed at the soil and water laboratory and
was taken on to the experimental farm site, which was used alongside the natural

rainfall as a control. It was designed and constructed with pulverized pipes.

2.3. Nozzle Size Diameter

Four different nozzles size diameter were factored into the rainfall simulator of
0.5 mm, 0.59 mm, 0.67 mm, 0.78 mm respectively. The various sizes were fac-
tored into the design to determine the raindrop size effect on the amount of soil
detachment and also used to predict the natural rainfall drop where there’s no
electronic device to detect the size of raindrop. Plate 1 presents the various sizes
of nozzles used during the study period.

The rainfall simulator was installed on the experimental farm site with the
temporary water supply tank positioned at a constant pressure head height of 3
m. The simulated rainfall experiment was carried out at different heights to see

the effects on the soil detached. Five levels of heights were varied which was at
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1.0 m, 1.5 m, 2.0 m, 2.5 m, 3.0 m respectively. Figure 1 shows the rainfall simu-
lator set up while Figure 2 shows the front elevation of the rain fall simulator
and Figure 3 shows the combination of the simulated rainfall and the natural
rainfall experimental sites. The experiment was run for 5 minutes each, the de-
tached soil of both the simulated rainfall and the natural rainfall was varied to
see the difference and to see the effect of the treated soil as a conservative meas-

ure to be used.

Plate 1. Different Nozzle size diameter.

Water inlet
Nozzle
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e
e%9%e%0
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Splash cup

Figure 1. Rainfall simulator set up.
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Figure 2. Front view of rainfall simulator.

Figure 3. Natural and simulated rainfall setup.

3. Results and Discussion

The relationship between the rainfall event, volume, intensity and the kinetic
energy under natural rainfall event as it contributes to the soil detachment process
is presented in Table 1. Rainfall characteristics (e.g. rainfall intensity, raindrop
kinetic energy) and soil detached were assessed and calculated from equation

developed by Adewumi (1998) which is presented as in Equation (1).
K.E =14.38InRa —10.43(J/m* /mm) (1)
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Table 2 presents the comparison of the degree of detachment between bare
and treated average soil under natural rainfall which reveals that there is a sig-
nificant difference in the degree of soil detachment (t(18) = 8.917, p < 0.01). It
was also observed from the same table that the bare soil had a mean detachment
rate of 11.69 when compared to that of the treated soil of 7.74. This implies that
the bare soil had a higher tendency of detachment than treated soil. This is simi-
lar to the findings of [26] and [27]. They recorded results the effectiveness of
plants and vegetation in erosion control and restoration area and the effects of
rock fragment content, size and cover on soil erosion dynamics of spoil heaps
through multiple rainfall events respectively. This study reveals that the effect of
rain drop intensity (Eta-square (/) = 0.8154) under the bare soil condition ac-
counted for 81.5% variance in the average detachment rate. This is similar to the
works of [28] and [29] for study area with similar conditions.

The relationship between the height difference of simulator and the quantity
of soil detached is presented in Table 3 for both the treated and bare soil condi-
tions under the same amount of rainfall intensity and duration. Table 4 reveals
that there is a significant difference in the degree of soil detachment between
bare and treated soil under simulated rainfall; t(8) = 3.691, p < 0.05. The table
further presents that bare soil on simulated experiment had a mean value of
7.336 which shows a higher tendency of detachment than that of the treated soil
which had a mean value of 4.224. This is in accordance with the works of [30]
which compared grain size distribution of sediment and original soil under
raindrop detachment and raindrop-induced and flow transport mechanism in
Iran. The size of effect (Eta-square (%) = 0.630) of the intensity reveals that the

soil types accounted for 63% variance as regards the detachment rate.

Table 1. Detached soil particles from both bare and treated soil under natural rainfall.

Average Average soil  Calculated Rainfall
Date of Amount . . R

. . soil detached detached from rainfall kinetic

SIN rainfall of rainfall . . X .
from bare soil  treated soil intensity energy
event (mm) 5 5 5
(g/m?) (g/m?) (mm/hr) (J/m?*/mm)
1 14/05/2016 30.00 9.98 6.90 47.36 38.48
2 18/05/2016 13.10 10.91 8.24 46.24 26.56
3 22/05/2016 32.00 11.54 7.76 73.84 39.41
4 27/05/2016 15.70 12.71 7.86 42.82 29.16
5 2/6/2016 19.60 13.80 8.27 58.80 32.35
6 3/6/2016 12.40 13.32 8.41 74.40 25.77
7 5/11/2016 10.20 10.33 6.83 47.07 22.96
8 11/11/2016 62.40 12.36 7.81 70.64 49.01
9 15/11/2016 12.10 11.16 7.67 48.40 25.22
10 18/11/2016 9.70 10.80 7.71 58.20 22.24
¥ =217.20 Y =116.93 X =177.51
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Table 2. T-test of difference in rate of soil detachment between bare and treated soil

under natural rainfall.

. Nature .
Variable . N Mean St. Dv df t sig p
of soil
Average soil
Bare 10 11.691 1.294 18 8.917 0.00 <0.01
detached
Treated 10 7.746 0.531

Size of effect (Eta-square () = 0.8154).

Table 3. Summary of detached soil for bare and treated soil under simulated rainfall.

Time spent ~ Average  Average soil Calculated Rainfall

Dateof A t Height
a‘l o moun before soil detached  detached rainfall kinetic el‘g
rainfall of water ] . i of rainfall
, stopage from baresoil from treated intensity = energy
event used (cm?) 5 . 5 ) simulator
(Hr) (g/m?) soil (g/m?) (mm/hr) (J/m*mm)
1/10/2016 200,000 0.08 5.59 3.49 62.50 35.29 1.00
5/11/2016 200,000 0.08 6.08 3.76 62.50 35.45 1.50
11/11/2016 200,000 0.08 6.60 4.12 62.50 35.78 2.00
15/11/2016 200,000 0.08 8.94 4.48 62.50 36.00 2.50
18/11/2016 200,000 0.08 9.47 5.27 62.50 36.03 3.00
Total 36.68 21.12

Table 4. T-test of difference in rate of average soil detachment between bare and treated
soil under simulated rainfall.

Simulated nature

Variable of soil N Mean St.Dv  df t Sign p
Average soil
Bare 5 7.336 1.75318 8 3.691 0.006 <0.05
detachment
Treated 5 4.224  0.69364

Size of effect (Eta-square (%) = 0.63).

The bar-chat (Figure 4) reveals that there are little differences in the rate of
detachment based on nozzle size. However, nozzle size A3 and A4 tend to create
high rate of average soil detachment when compare with those of sizes Al and
A2. Nozzles Al, A2, A3 and A4 had diameter sizes of 0.5, 0.59, 0.67, and 0.78
mm respectively. Figure 5 shows the relationship between the volume of rainfall
and its causative effect on both bear and treated (cow dung) soils indicated that
40.55% of the soil contents were found to be conserved using the cow dungs
mixed with bear soil so as to compact the soil. This is similar to the works of [31]
that reviewed the biochar properties and eco-friendly applications for climate
change mitigation, waste management, and wastewater treatment. The nature
and characteristic of sandy soil makes it easy for detachment to occur; the mix-
ture of cow dungs provides more cohesion that helps in sticking the soil particles

together.
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Simulated Soil Deatchment
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Figure 4. Nozzle size effect on average soil detachment.
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Figure 5. Relationship between volume of rainfall and average soil detached.

The effect of variation in height of the rainfall simulator and the average rate
of detachment of treated soils are presented in Figure 6. The chat reveals that
the nozzle size and varying height of the rainfall simulator contributed to the
average rate of soil detachment. The larger the nozzle size the higher the rate of
detachment which is in accordance with the works of [32] and [33]. Figure 7
shows the positive relationship between the heights of simulator and the amount
of soil detached. It was observed that the height of rainfall simulator increases
the rate at which soil is detached and the rate of soil detachment on the treated
soil was relatively small compared to the bear soil. The graph also reveals that
the average rate of treated soil detachment is accounted for by the corresponding
height of the rainfall simulator. It was observed that the peak of detachment of
the soil particles was observed when the rainfall simulator was at a height of 3
meters. This is similar to the findings of [30] and [34]. It was observed that the
rate of soil detachment reduced when the height of the rainfall simulator was in-
creased to a height of 3.5 meters.

Detachment occurs based on different factors such as rainfall diameter size,
soil type, rainfall intensity and slope of the land. It was observed that the impact
of raindrop on the soil created a displacement of soil particle from its initial
state, which is in accordance with [35] that rain splash erosion is caused by the

kinetic energy of raindrops that strike the soil and throw particles into the air.

DOI: 10.4236/jep.2020.116027

464 Journal of Environmental Protection


https://doi.org/10.4236/jep.2020.116027

J. K. Adewumi et al.

the nozzle size (g/m?)

| I
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

rate of soil detachment (mm)
mmmmm Nozzle size (mm) s Detachment (g/m?) s Height (m)

Figure 6. Simulated soil detachment variance.
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Figure 7. Soil detached (g/m?) against the height of simulator (m) (treated).

Raindrops are major cause of soil splash at the earth surface and make the soil
loose susceptible easily to soil erosion, understanding the fact that no rainfall
events have the same intensity. It was also reported by [36] that dislodgment of
soil is caused by the forces applied on the soil particles by erosive agents, and
splash from raindrop impact causes erosion to occur easily. From result ob-
tained, both natural rainfall and the simulator, were observed that the amount of
rainfall and its intensity resulted in the amount of soil detached.

The results obtained from the study area indicated that the higher the calcu-
lated rainfall intensity and rainfall kinetic energy the greater the bare soil de-
tachment recorded. This is similar to the findings of [37] where they studied the
uncertainties in rainfall kinetic energy-intensity relations for soil erosion model-

ling in four catchment experimental setup areas of NE-Germany. Rainfall energy
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and EI-index were found to be highly correlated with soil detachment as re-
ported by [38] while the lower the amount of rainfall the lesser the bare soil de-
tachment recorded, which shows the significance of those factors.

Similar results were observed from the soils detached from both the natural
and the simulator rainfall fields. The rate of detachment of soil particles in the
simulated rainfall field was affected by the basic factors such as height of simu-
lator, nozzle sizes, and amount of water released into the pipe for the experi-
ment. The results obtained are similar to the findings of [39] that worked on the
contribution of raindrop impact to the change of soil physical properties and
water erosion under semi-arid rainfalls while [40] where they carried out a la-
boratory study on the comparative analysis of splash erosion devices for rainfall
simulation experiments and [12] stated that studied the water erosion processes
and dynamic changes of sediment size distribution under the combined effects
of rainfall and overland flow. This according to [29] that rainfall simulator al-
lows generating rainfall with a known intensity and duration on the plot where
experiment is taken place in a controlled manner, making it possible to quantify
superficial runoff and soil loss, while at the same time allowing very detailed
erosion predictions. It was further observed that the raindrop size from the si-
mulator was the same with two of the natural rainfall events which resulted in
the production of the same amount of soil being detached. Different rainfall ki-
netic energy produced from the natural rainfall generates more detached soil
compare to the rainfall simulator.

4. Conclusion

Soil loss is generated from the first stage of erosion through raindrop impact on
the soil. The soil loss generated by raindrop through simulator and the effect of
the conservative measure that was incorporated into the soil were discussed in
this thesis. It was therefore concluded that soil detachment, rainfall intensity,
and raindrop size data had effect on the quantity of the soil detached from the
various land conditions under the natural and simulated rainfall system. The
rainfall simulator was found to have been useful to validate results for the natu-
ral rainfall event though differences were observed which gave a good correla-
tion between the values of soil lost under the various conditions. The cow dungs
were found to be useful in holding the sandy soil particles together thereby re-
ducing the amount of soil detached by 40.33%. Treated soil had significant (p <
0.01) on bare soil under natural rainfall experiment and (p < 0.05) on bare soil

under simulator rainfall experiment.
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