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The present study is aimed to estimate the annual soil loss of
University of Benin gully. This was achieved by utilizing the Revised
Universal Soil Loss Equation, RUSLE coupled with GIS Technique. A
total of 15 samples were collected from the gully site, three at each
chainage point. The soil analysis showed that the study area is highly
sandy with low clay and silt content. This study area has very high
infiltration rate, ranging from 93.64-2509.06 mm/hr. Result obtained
for soil organic content revealed that organic matter content in the
soil samples is small, ranging from 0.17 to a highest value of 2.30.

Soil Erodibility ranges from 0.002 to 0.01ton-hahr/(ha-MJ-mm).

This result is due to the soil texture being mainly sandy, as sand can
be easily detached. On annual basis, the Rainfall-runoff erosivity
value for the study area is very high. The study also found that Cover

Management factor, € is low and uniform throughout the gully site.

On the whole, the study found high annual soil loss, ranging from
1.509-7.545 ton/halyr. The maximum amount of estimated soil loss is
determined as 7.545 ton per hectare per year which equals 75.45
kilogram per square kilometre per year (kg/sq. km/yr). Conservation
planning and land use policies should be developed to focus on the
more prone slopes, which are likely to suffer immensely from the
directional influence of rainfall. The implementation of such an
approach should be aimed at arresting directional rainfall erosion by
the integration of various erosion control measures. Finally, dumping
of refuse on the river channels and floodplains should be prohibited.
Government and the University Management should enact and
enforce laws to deter such activities.

1. Introduction

Soil erosion is a global environmental problem that affects the natural environment and agriculture
productivity as well as causing soil degradation, sediment deposition, water quality degradation [1,
2]. Globally, it is estimated that erosion by water causes considerable soil fertility loss and decrease
in productivity [3, 4]. The FAO-led Global Soil Partnership reports that globally and annually, 75
billion tonnes (Pg) of soil are eroded from arable lands, estimated at a financial loss of USD400
billion per year [5]. In Africa, past water erosion has been associated with 8.5% of mean yield loss
[6]. A review of the global agronomic impact of soil erosion classified continents into two severity
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groups with Africa belonging to the more vulnerable group [7]. This is obvious in mostly the humid
and sub-humid zones of Sub-Saharan Africa (SSA) where the annual soil loss given at over 50 tons
ha—1 had been exacerbated by deforestation, population pressure and torrential downpours [8, 9].
This situation is not different in Nigeria which has witnessed rapid expansion in terms of population,
urbanization and industrialization since independence in 1960. Such growth has been accompanied
by changes of towns into major cities with numerous development projects involving land
reclamation, housing schemes, highway constructions, and alternation of natural soil ecosystem
among others. Studies have also revealed that gullies seem an urban phenomenon and has occurred
at unparalleled rates resulting in huge social, economic and human losses in cities in southern
Nigeria [10, 11, and 12].

The World Bank [13] recognized deforestation, water contamination, and soil degradation and loss
as the three major environmental problems faced by Nigeria. Additionally, six others were specified:
fishery loss, air pollution, coastal erosion, wildlife and biodiversity losses, gully erosion, and the
spread of water hyacinth. Despite that these environmental problems affect know no boundary,
some are however more prevalent in certain geographical regions of Nigeria. Gully erosion is a
common environmental problem in southern Nigeria and caused an annual damage worth $100
million in 1990 in the country [14]. Some studies have estimated an average of 14862.8m® volume
of soil loss to erosion from 1992 to 2002 [15, 16, 17]. In Edo State, Ehiorobo and Izinyon [14]
monitored soil loss to erosion and found out that though gullies are usually striking, their small
spatial extent usually make them unnoticeable in most low resolution imageries and available
topographical maps. They also noted that because gully processes are not easy to study and the
control os soil erosion difficult, gully erosions have been neglected. In the same light, [18] estimated
that 329,436.5 and 531,417.6 tons of sediments were detached from gullies in Ikpoba and Auchi
slope of Benin City respectively. There has been a continual soil loss over the University of Benin
and to effectively tackle this problem, there is a need to evaluate the effects of contributing factors
to soil erosion formation using Geographic Information Systems (GIS) and Remote Sensing (RS)
techniques. This is especially as it has been noted that only little reliable data were available by the
end of the 20th century both on the extent [9, 19] and on the cause-effect relationship between soil
erosion and soil productivity [20, 6], but has been made easier by GIS and remote sensing that
provide spatial information that is generally hard to acquire especially in developing countries [21,
22].

Studies on soil loss could be traced to the 1930s where its emphasis was majorly on its impact on
agricultural productivity. During 1940 and 1956, USA research scientists developed a method for
quantitative soil loss estimation. The soil loss equation had several factors, but agricultural practice
and slope were considered primarily. Wischmeier and Smith [23] then developed the Universal Soil
Loss Equation (USLE) using almost a decadal data collected from the National Runoff and Soil
Loss Data Center, Purdue University in addition to previous studies. The USLE was a generally
accepted mathematical model used to estimates the average annual soil loss of any study area. Over
the years, [24] developed the Revised Universal Soil Loss Equation (RUSLE); an improvement of
the USLE, which takes into cognizance both conservation practices and morphological factors. It
has since then been used in the development of conservation planning and land-use decision making
[2]. In the same light, this study sought to understand the character of some geomorphological
factors in the development of soil erosion at the Ugbowo campus of the University of Benin, using
the RUSLE with the aid of GIS and remote sensing techniques.
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2. Methodology
2.1 Study area

The University of Benin gully site is located within the University of Benin, Benin City and
geographically lies between latitude 06°24°23.36”N and 06°24°30.71”N and between longitude
05°37°52.64”E and 05°38°3.80”E (Figures la & b). The study area lies within the sub-humid
tropical region. Benin City has a mean monthly temperature of 27°C and a mean annual rainfall of
over 2000mm. Benin City occupies a lowland plain in the south and rises slowly to the Esan Plateau
towards the north. This region is endowed with fertile soil. The city is underlain by sedimentary
formation of the Miocene-pleistocene age often referred to as the Benin Formation. The Benin
Formation comprise of mainly consolidated sand and sandy clays covering the whole of the Niger
Delta [25]. The topography is predominantly uniform, a gently undulating surface area rising from
about 505m in the south-eastern parts to about 215m in the northern parts giving a mean elevation
of about 83m above sea level. Temperature values in the area are usually on the high side throughout
the yeag with a minimum annual temperature of 21.9°C and a mean annual maximum temperature
of 25.1°C.
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Fig. 1a. 3D Imagery of configuration of the study Fig. 1b. Topography of the study area and Gully

2.2 Data collection

To estimate rainfall erosivity values for the study area, monthly rainfall data were collected from
the office of Nigeria Meteorological Agency for a period of 19years (2000-2018). To supplement
the monthly rainfall, daily rainfall data were collected from the National Centre for Energy and
Environment, University of Benin. To collect soil samples, points were established along the gully
site. The chainage points were measured at 150-metre (m) intervals to a depth of 30cm. The width
of the gully at the chainage point was measured. A control point was established at the centre of
each chainage point and at equi-distance from the centre. Then samples were collected at each
control using the hand auger at a depth of 0.3metres (m). The hand auger was tampered using the
tampering rod in order to loosen the sample from the auger. The samples collected were put into
cellophane bags in order to avoid loss of the sample during transportation to the Geotechnical
Laboratory of the Civil Engineering Department of the University of Benin for analysis. A total of
fifteen (15) samples were collected from the gully sites with point geographical locations, three at
each chainage point (Table 1 and Figure 2).
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Fig 2: Layout of the study area and soil sampling points

Table 1: Geo-referenced Data of Soil Samples

Distance
Chainage Points Bs;[)\z\ﬁzn Northings Eastings Latitude Longitude
(m)
A loog 0672423334 05°3752416"  6.40648 5.63123
0+00 B 06°24'23.352"  05°37'52.651"  6.40649 5.63129
C 1000 geng03.180"  05°37'52.038"  6.40644 5.63112
A ogs  06°2422272"  05°3756.989"  6.40619 5.63250
0+150 B 06°24'22.950"  05°37'55.077"  6.40638 5.63197
C 865  06o0422380"  05°37'56.874"  6.40622 5.63246
A lsop  06°2422746"  05°3802.004"  6.40632 5.63389
04300 B 06°2422.722"  05°3801.914"  6.40631 5.63386
C 1300 ge2402206"  05°3801.830"  6.40619 5.63384
A lusg  06°2422350" 05°3806.066"  6.40621 5.63502
0+450 B 06°24'22.434"  05°3805.898"  6.40623 5.63497
C 1450 0ge2421.720"  05°3805.982"  6.40603 5.63500
A l6oo  06°2430.606" 05°3814.891"  6.40853 5.63747
0+600 B 06°24'29.752"  05°3803.802"  6.40827 5.63439
C 1600 geng03262"  05°38'10.608"  6.40646 5.63628
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2.2.1 Vegetation and Land use/Land cover (LU/LC) Maps

January 2017 Landsat TM imagery of Benin City was downloaded from United States Geological
Surveys (USGS) website, Google Earth Pro Desktop, exported to Arc Map 10.3 environment and
geo-referenced using Latlon Geographic Coordinate System (LGCS). This was followed by on-
screen digitization, shape file creation and attribute table for the different vegetation/land use
classes. Symbolization was then applied and final vegetation/land use land cover map compiled.
The dataset which comes with elevation values expressed in meters was downloaded from USGS
website. It has a spatial resolution of 30 by 30 meters and comes with LGCS. Raster clip tool was
used to extract the study area for analysis. The DEM was used in preparation of relief, contour, slope
and three dimensional model (3D) of the study area.

2.2.2 Normalized Difference Vegetation Index, NDVI

The NDVI tool in Erdas Imagine 9.2 was used to generate NVDI layer from the January 2017
LandSat TM imagery of the study area. Thereafter, the X & Y coordinates of the soil sampling
points were used to extract NDVI values with the aid of extract values to point tool in Arc Map
10.3. The extracted NDV1 values were then exported to Microsoft excel for use. The calculated soil
texture values with (X,Y) coordinates were exported to Arc Map 10.3 environment and interpolated
to produce a smooth surface showing the spatial variation in the study area. Specifically, Inverse
Distance Weighted (IDW) tool which used minimum of 12 known points was the interpolation
method adopted in Arc Map 10.3. The smooth surfaces generated were reclassified into 9 classes
using equal interval classification method in symbol tool. The final maps were then exported in .tif
format for use.

2.3 Data Analysis

The Revised Universal Soil Loss Equation, RUSLE was utilized to determine the annual soil loss
across the study area. The equation is given as;

A=R-K-LS-C-P 1)
where A is the computed Soil Loss, K is the Soil erodibility factor, R is the Rainfall-Runoff Erosivity
factor, L is the Slope Length factor, S is the Slope Steepness factor, C is the Cover Management
factor, and P is the Support Practice factor.

2.3.1 Laboratory Testing and Analysis of Collected Soil Samples

The soil samples were taken to the Geotechnical Engineering unit of the Civil Engineering
Departmental laboratory, University of Benin. All the laboratory tests were conducted in accordance
with the general specification given in the British Standard Specifications B.S 1377: 1990; “Method
of Test for Soils for Civil Engineering Purposes”. Analyses were carried out for Particle Size
Analysis, Soil Permeability Test, and Organic Matter (OM) Content Test. The British Standard (BS)
sieves were used to separate these grains into their various sizes. This was then weighed and their
percentage weights calculated. The materials and apparatus used for the analysis include BS Sieves,
Sensitive Weighing Scale, Wire Brush, Pan, Electric Oven, Metal Tray, Sample Containers of
Known Weights, Trowel and Distilled Water.

To determine the portion of the soil which passes through a No. 200 (0.075 mm) sieve, the
hydrometer method of analysis proposed by John Bouyoucos in 1936 was adopted. The percentage
silt and percentage clay is given by the following;

(H'+ 86"

Percent Silt, %Silt = (7
Wt.of Sample

x 100) % )
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(HH+ 0”)

Percent Clay, %Clay = (W

x 100) % €)

Where (H' + 6")and (H" + 0'")are the Corrected Hydrometer Readings at 30 seconds and 8 hours
respectively; H'and H" are the Hydrometer Readings at 30 seconds and 8 hours respectively, and

8" and 8" are the Temperature Coefficients for H'and H" respectively. 8" and 8" are given as:
6'=(T" —19.4) x0.3 (4)

0" =(T" —19.4) x0.3 (5)

Where T' and T"' are the Temperatures during the Hydrometer Readings, H'and H".

2.3.1.1 Soil Permeability Test

An indirect method (Allen Hazen formula published in 1893) was used to determine the soil
permeability due to the unavailability of the laboratory apparatus.

Py, = (d102) (6)

Where P, is the Co-efficient of Permeability of the soil in metre per second (m/s), € is a constant
equals to 0.01 and d, , is the particle size for which 10% of the material is finer in millimetres. The
materials and equipment used in the determination of the soil permeability include, Soil samples;
Weighing Scale; British Standard (BS) Sieves No. 8, No. 10, No. 16, No. 30, No. 40, No. 50, No.
70, No. 100 and No. 200 (of sizes 2.36mm, 2.00mm, 1.18mm, 0.60mm, 0.425mm, 0.30mm,
0.212mm, 0.015mm and 0.075mm respectively); Sample Containers of Known Weights, and Pan.
Tables 2 and 3 show the categories of soil structure index and categories of soil permeability
class/infiltration index respectively, while Fig. 3 is the Textural Triangle [26].

Table 2: Categories of Soil Structure Index

STRUCTURE CATEGORY SOIL STRUCTURE PARTICLE SIZE (mm)
1 Very Fine Particles <10
2 Fine Particles 1.0~2.0
3 Medium or Coarse 2 0~10.0
Particles
4 Blocks, Shale or >10.0

Coarse Particles
Source: United States department of Agriculture (USDA) [26]. National soil Handbook)

Table 3: Categories of Soil Permeability Class/Infiltration Index

Permeability PPer(Tni?ﬁ:gtingn "™
Class/Infiltration Infiltration " so \
Category, P Rate) et

1 Very Fast >125.00 8 » cum

2 Fast 62.50~125.00 2

3 Medium 20.00~62.50

4 Meglumo 5002000

ow

5 Slow 1.25~5.00

6 Very Slow <1.25

Source: adapted from USDA [27] Figure 3 Percentage Clay Vs Percentage Sand

2.3.2 Organic Mater (OM) Content Test Textural Triangle USDA [27]

50grams (g) of the soil sample was collected and entered into the laboratory. The samples were
sorted out and rearranged according to laboratory coding. The samples were taken using a spatula
and ground to powder using the mortar and pestle. 0.5g of the grinded soil sample was weighed into
250ml conical flask. 5ml of 1 normal Potassium Dichromate, K>Cr.O7 (prepared by dissolving
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49.03g of the crystal salt in distilled water) was added and the flask swirled. 10ml of Conc. Sulphuric
Acid (Tetraoxosulphate VI Acid), H.SO4 was added to the sample and the sample further swirled
for even reaction and distribution of heat. After swirling the sample was kept on the bench for one
hour to allow for a complete reaction. After one hour, 60ml of distilled water was dispensed into the
conical flask. Six (6) drops of Diphenylamine Indicator was dropped into the sample and
Ammonium Ferrous Sulphate (Ammonium Iron Il Sulphate), (NH4)2, Fe(SO4)2, 6H20 was titrated
into the sample. Colour change to black was observed and as the titration continued, the colour
which was black changed to blue and finally to green which was the endpoint. This procedure was
repeated for the remaining samples.

2.3.3 Determination of Soil Erodibility Factor, K Values

Soil erodibility K factor was determined using the Wischmeier and Smith [23] equation. The
equation was chosen because the K-factor is a composite parameter representing an integrated mean
annual value arising from the soil profile reaction to the processes of soil detachment and the
transportation by raindrop impact and surface flow [24]. The algebraic approximation of the
nomograph for those cases where the silt fraction does not exceed 70% [23] is given as:

K = 21x10"4(12-oM)M114 43 25(s—2)+2.5(p-3) )

100
Where K is the Soil Erodibility Index in imperial units of ton - acre - hour per hundreds of acre per
feet per ton per inches [ton-acre-hr/(100acre-ft.-ton-in)] which can be multiplied by 0.137 when
converting into metric system with unit of ton - hectare - hour per hectare per Mega-Joules per
millimeter [ton-ha-hr/(ha-MJ-mm)], namely,

!

K (inmetrics) = 0130 (8)

M is the portion of silt and very fine sand given as the product of the primary particle size fractions
and represented as:

M = [%modified silt (or the 0.002 to 0.1 mm size fraction)]x [%silt + % sand] 9)

OM is the percentage of Organic Matter; § is the Soil Structure Class or Index, and P is Soil

Permeability or Soil Infiltration Index [23] (Figure 3). The structure and permeability classes and
groups of classes were determined from the Soil Survey Manual [27] shown in Tables 2 and 3.

2.3.4 Estimating value of Kinetic Energy

The “erosiveness of storms in the study area was determined as a function of rainfall kinetic energy
using the model developed by Kowal and Kassam [28]. The choice of the model was based on the
fact that the method was developed using tropical rainfall samples. Besides, its development was
based on direct measurements of rainfall kinetic energy with a piezoelectric sensor that can convert
impact strain of a rainfall into an electrical signal within the sensing element” [29]. The equation
for computing Kinetic energy of rain is given

K.E = (41.4Ra — 120) x 103 [28] (10)
Where K.E is rainfall kinetic energy (ergscm-2)
Ra is rainfall amount per storm (mm).
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2.3.5 Determination of Rainfall Intensity and Erosivity Index (Elso)

R factor is the coefficient of the average erosion by rain (J/m?). Rain directly impacts the soil surface
because its kinetic energy destroys the structure of the soil and brings the soil components in contact
with runoff water. In the absence of rainfall intensity data available for most developing countries of
which the study area is a part, equations have been developed to determine the RI factor based on
by the average yearly or month rainfall amounts. In this study we used that model developed by
Arnoldus [30]. The model has been used in Mauritius to calculate rainfall intensity (RI) as follows

Rl = Y12 MR* (11)

i=1 AR
Where MR is monthly rainfall and AR is the annual rainfall. Then RI (Rainfall Intensity) is
substituted in the equation to estimate Elzo:

E1l;, = 0.0302 x RI'? (12)

Erosivity Value according to Roose [31] Method

Roose (1976) method for estimating rainfall erosivity values from rainfall amounts for West African
climates was adopted because the climate of the study area suits the climate in which this model
was tested on. The equation is given as:

R = (0.0158P x I3,) — 1.2 (13)

Where R is the index of erosivity in mmh?,

H is rainfall amount (mm) and

I30 is rainfall intensity in 30minutes. (Value of 130 has been computed using equation 11).

The computed rainfall erosivity values for this study were compared with Fournier [32]’s Rainfall
Aggressivity Index (RAI) modified by Arnoldus [30].

2.3.1.6 Determination of Topographic Factor, LS Values

The LS factor accounts for the effect of topography on erosion in RUSLE and it combines L and S
which are the effects of hillslope-length factor and hillslope-gradient factor respectively. The slope
length, L factor is computed using the formula below.

Revised Universal Soil Loss Equation, RUSLE [33].

L= (ﬁ)m (14)

Where [ is Slope Length, in metres (m) and 2 is 0.5 if the percent slope is 5 and more; 0.4 if the

percent slope is between 3 and 5; 0.3 if percent slope is between 1 and 3, and 0.2 if the percent slope
is less than 1. LS is calculated by multiplication of L and S.
Where m is given as

__B
m=_" (15)
smB
0.0896
B = [3(sm 0)08+10. 56] (16)

Slope Steepness, S Factor = 10.8sin6 + 0.03, ifs < 9%
Slope Steepness, S Factor = 16.8sin6 — 0.5, ifs > 9%

To calculate Slope Length, £, Slope Angle, & and Percent Slope, s, the highest point and the lowest
point of the slope were selected from the Relief Map. Let the elevation of the highest point be 4
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and the elevation of the lowest point be B. The difference in the elevation is given as |[AB|. Let C

be at a horizontal distance of the lowest point of the slope from the highest point of the slope. The
horizontal distance of the lowest point from the highest point is given as |BC|. The Slope Length, £

is given by |AC| and the Slope Angle, & by ACB. Note that |AB| is also known as the Rise and
|BC| is the Run. From the Relief Map, Elevation of Highest Point, 4 = 88&m; Elevation of Lowest
Point, B =32m, and the Horizontal Distance between the Highest and Lowest Point,
|IBC| = 1240.853m. Now, the Difference between Elevation of Highest Point, 4 and Elevation
of Lowest Point, B, |AB| = (88 —32)m = 56m. Figure 4 shows the nature of the slope of the

study area.
A

S6m

B 1240.853m C

Fig. 4: Nature of Slope in the study area
To determine Slope Length, £
Note, Slope Length, £ = |AC|
To find |AC|
Using Pythagoras’ theorem,
(lacp® = (|AB])*+ (IBC]) - ——————— 17
Thus, Slope Length, £ = |AC| = ,/[(|AB|)? + (|BC|)*] = ,/(56% + 1240.8532) — —18
=~ Slope Length, £ = |AC| = 1242.116m
To determine Slope Angle, &

— AFR — —q (RISEY _ -1 (1481 _ —1(__58 _ ___
Slope Angle, 6 = ACE = tan™ (=) = tan (lm)_ tan~! (2} = 2.5840 19

~ Slope Angle, 8 = 2. 584°
To determine Percent Slope, s

— (ERIZE — 56 — o __
Percent Slope, s = (S0 X 100)% = (——— X 100)% = 4.513% 20

=~ Percent Slope, s = 4.513%
To Compute the Topographic Factor, LS.

Recall the Revised Universal Soil Loss Equation, RUSLE (McCool et al., 1987)

Slope Length, L Factor = (L/22.13)™ 21
Where m is given as

- __ ______________
m = e 22
and

( sin @ )

_ 0.0896/ | _

B= [3(sin 0)08 + 0. 56] 23

Now,
20
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Slope Steepness,S Factor = 10.8sin6 + 0.03, ifs< 9%
Slope Steepness,S Factor = 16.8sin6 — 0.5, ifs > 9%
Where,
4 is the Slope Length; & is Slope Angle in degrees and = is the Percent Slope.

From Eq. 18
( sin @ ) (sin 2. 584°)
g = 0.0896 _ 0.0896 — 0.6215
3(sin0)%8 + 0.56 3(sin2.584°)08 + 0.56 '
Now,
= B _ 00215 3433
Mg i1~ 06215+1

Thus,

£ \™ 1242.116\°3833
)" o (LG, e

lope Length, L Factor = (22_ 13 22.13

~ Slope Length, L Factor = 4.68

Since Percent Slope, s = 4.513% < 9%,
Slope Steepness, S Factor = 10.8sin6 + 0.03
= 10.8sin(2.584°) + 0.03 =0.5169
.. Slope Steepness, S Factor = 0.5169
Hence, the Topographic Factor, LS = 4.6823 X 0.5169 = 2.4202 = 2.42
.. Topographic Factor, LS = 2.42
2.3.7 Determination of Cover-Management Factor, C Values

De Jong (1994) derived the following function for estimating the C factor in USLE from Normalized
Difference Vegetation Index (NDVI) (revised in De Jong et al., 1998):

C = 0.431 - 0.805(NDVI) — — — — — 24

Where

NDVI = (RASTERVALUE) )5
B 1000

NDVI values range between -1.0 and +1.0. Photosynthetically active vegetation shows a very high
reflectance in the near IR portion of the electromagnetic spectrum (Band 4, Landsat 5 TM), in
comparison with the visible portion especially red (Band 3, Landsat 5 TM), and hence NDV1 values
for photosynthetically active vegetation will be very high.

2.3.8 Determination of Support Practice Factor, P Values
The values of the Support Practice factor, P was determined using the relationship between the
Land cover and Support Practices factor shown in Table 4.

Table 4: Relationship Between Land Cover and Support Practice Factor, P.

Land P-Factor
Agricultural Land 0.4
Built-up land 1

Tree clad area 0.1
Waste land 1

Water bodies 0.5

(Source: Devatha [35])
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3. Results

Results of particle sizes are illustrated in Table 5 and it shows that the soil samples have higher
amount of fine particles than coarse particles. Sample UB 0+150 A is observed to have the highest
amount of very fine sand particles.

Table 5: Weights of Dry Soil Samples Retained on British Standard (BS) Sieves.

WEIGHT OF DRY SOIL SAMPLES RETAINED ON SIEVES (g)

SIEVE SOIL SAMPLES

SIZE 0+00 0+00 0+00 0+150 0+150 0+150 0+300 0+300 0+300 0+450 0+450 0+450 0+600 0+600 0+600
(mmM), A B C€C A B C A B C A B C A B ¢

2360 115 665 068 083 143 042 133 346 073 079 271 033 143 040 121
2000 066 094 032 026 072 066 019 106 0.18 059 114 016 096 051 0.88
1.180 482 723 542 087 620 395 133 851 189 545 715 190 544 643 584
0.600 20.39 26.82 23.46 2.00 25.37 16.09 3.19 26.74 10.00 25.78 24.11 12.78 23.00 32.48 16.02
0.425 1032 1394 9.68 105 1151 921 123 11.09 751 1237 10.71 851 10.29 13.65 7.61
0.300 2451 21.85 27.48 571 27.28 27.00 6.30 23.60 27.47 27.96 25.63 24.74 29.74 26.93 15.22
0.212 1381 9.81 12.66 11.64 12.35 18.83 5.84 10.61 19.85 11.32 12.43 13.68 11.70 9.64 9.62
0.150 545 3.05 481 891 472 7.88 386 422 903 362 417 665 352 278 500
0.075 645 572 443 1573 411 786 625 325 1132 461 408 905 329 195 10.06

Tables 6-20 show the analysis of the test results obtained from the hydrometer readings of the soil
samples. The study considered only the first four hydrometer readings 5secs, 10secs, 15secs, and
30secs, and the last four readings 2hrs, 4hrs, 8hrs and 24hrs in determining the hydrometer analysis.
This is because according to John Bouyoucos method, silt is present in the first 40secs while clay is
present after 8hrs.

Table. 6: Hydrometer Test Results for UB 0+00 A.

FIRST 9
FOUR  TEMPERATU hﬁg&gﬂg TEMPERATU TEMPRE; AT TEMPRES ATY %CLAY A"S“;T
gN HYDROME RE AT ER RE AT COEFFICIEN COEFFICIENT (14401 ’ {H+#) 100— (%CL
TER READING, T e NG, READOI(I:\IG, T IFORM.& FORH" & (H+8) _ gy
REA(%nNa)G ’ o H" (mm) o (°C) ) "}
1 3.50 26.00 0.80 26.50 1.98 2.13 548 293 255 9452
2 3.30 26.00 0.60 27.00 1.98 2.28 528 288 240 94.72
3 3.10 26.00 0.40 27.00 1.98 2.28 508 268 240 94.92
4 3.00 26.00 0.20 26.00 1.98 1.98 498 218 280 95.02
Table 7: Hydrometer Test Results for UB 0+00 B.
LAST TEMPERA %SILT
FIRST FOUR TEMPERAT FOUR TEMPERA TURE TEMPERATURE 0
s HYDROMETER ~UREAT ~ HYDROM TUREAT  COEFFICI COEFFICIENT o BCLAY (HeE) o (secL
READING, H'  READING, ETER READING, ENT FOR o o HEE) gy o+ 8 e
(mm) T'(°C) READING  T"(°C) Lo FORHE &M (C) (H"+ 8
JH (mm) H', 8' (°C) )}
1 2.00 26.00 0.00 26.00 1.98 1.98 3.98 1.98 2.00 96.02
2 1.50 26.00 0.00 26.00 1.98 1.98 348 1.98 1.50 96.52
3 1.00 26.00 0.00 26.00 1.98 1.98 298 1.98 1.00 97.02
4 0.05 26.00 0.00 26.00 1.98 1.98 2.03 1.98 0.05 97.97

Table 8: Hydrometer Test Results for UB 0+00 C.
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E”jg;g%‘é? TEMPERATU LASTFOUR  TEMPERATU TEMPRES AT TEMPFE; AT #SILT
y ER RE AT HYDROMETE RE AT COEFFICIEN COEFFICIEN . g PCEAY  {(H+8) 100— (301
SIN READING. 1 READING, T RREADING, ~ READING, T' o S HEE) ey (%eCL
, ©C) H" (mm) ©0) TFORH, & TFORH" & (H
(mm) (°C) (°C) )}
1 1.80 26.00 0.60 26.00 1.98 1.98 3.78 258 120 96.22
2 1.60 26.00 0.50 26.50 1.98 2.13 358 263 095 96.42
3 1.50 26.00 0.40 26.50 1.98 2.13 3.48 253 095 96.52
4 1.30 26.00 0.20 26.00 1.98 1.98 328 218 110 96.72
Table 9: Hydrometer Test Results for UB 0+150 A
FIRSTFOUR  TEMPERATU hﬁg&g‘ﬁ/ﬁ TEMPERATU TEMF;ES ATY TE'\{IJPREERAT LAY %S"LT'
N HYDROMETER RE AT ER REAT  COEFFICIEN COEFFICIEN (H+ ) ° B9 po- (%CL
READING,H'  READING,T' oo mive READING T __ o o g (H+8) _(yra
(mm) 0) e ) ) : ' .
(°C) " (°C) )}
1 14.50 26.00 9.90 26.50 1.98 213 1648 12.03 4.45 83.52
2 14.00 26.00 9.00 26.50 1.98 213 1598 11.13 4.85 84.02
3 13.30 26.00 8.80 26.70 1.98 219 1528 1099 429 84.72
4 13.00 26.00 8.50 26.00 1.98 198 1498 1048 450 85.02
Table 10: Hydrometer Test Results for UB 0+150 B
FIRST FOUR LAST FOUR TEMPERATU  TEMPERAT %SILT
HYDROMET TE'\;I?EEARTATU HYDROMET TE'\QPEEETATU COEFRFE|C|EN COELé;EmEN WCLAY {(H+#)
SIN ER . READING,T ER READING, T" H*E) s 8y . 100- (Ll
READING, H “0) READING, 0) TFORH' & TEORH" & —(H"+ 8
(mm) H" (mm) (°C) " (°C) )
1 1.20 26.00 0.00 26.00 1.98 1.98 318 198 120 96.82
2 1.00 26.00 0.00 26.00 1.98 1.98 298 198 100 97.02
3 0.50 26.00 0.00 26.00 1.98 1.98 248 198 050 9752
4 0.00 26.00 0.00 26.00 1.98 1.98 198 198 0.00 98.02
Table 11: Hydrometer Test Results for UB 0+150 C
FIRST 0
FOUR  TEMPERATU hﬁg&gﬁ,ﬁ TEMPERAT TE'\ﬂ,PRES AT TEMPEER ATUR LAY A’S‘”‘T'
gN HYDROME RE AT ER UREAT  COEFFICIE COEFFICIENT ., 5y 0 ) hae (%CL:
TER READING, T ooiminG.  READING,  NTFORH,  roppyp g» H+8)  _(gors
READING, C) H* () T (°C) o ' .
H' (mm) (°0) (°C) )}
1 2.50 27.00 0.70 27.50 2.28 2.43 478 3.13 1.65 95.22
2 2.30 27.00 0.60 27.50 2.28 2.43 458 3.03 1.55 95.42
3 2.00 27.00 0.40 27.50 2.28 2.43 428 2.83 1.45 95.72
4 1.90 27.00 0.30 26.00 2.28 1.98 418 2.28 1.90 95.82
Table 12: Hydrometer Test Results for UB 0+300 A
FIRSTFOUR TEMPERATU LASTFOUR TEMPERATU TEMPERATU TEMPERAT UCLAY -
SN |\YDROMETER = REAT HYDROMET RE AT RE URE  (H+5)  p gw  WSILT 200 (eCL
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READING,H'  READING, T' ER READING, T" COEFFICIEN COEFFICIE (H+2)
(mm) (°C) READING, °C) TFORH &+ NTFORHY,
H" (mm) (°C)' g (C) - (EI”+ 8
)}
1 27.50 26.00 19.20 27.50 1.98 243 2948 2163 785 70.52
2 27.30 26.00 19.00 27.50 1.98 243 2928 2143 785 70.72
3 27.00 26.00 18.80 27.50 1.98 243 2898 2123 775 71.02
4 26.50 26.00 16.50 26.00 1.98 198 2848 1848 10.00 71.52
Table 13: Hydrometer Test Results for UB 0+300 B
FIRST LAST TEMPERATU TEMPERATU %SILT
FOUR  TEMPERAT  FOUR  TEMPERATU RE RE . o
gy HYDROME  UREAT  HYDROM RE AT COEFFICIEN COEFFICIEN . g COFAY {H+8) o (secL
TER READING, T ETER  READING, T" o P R N (YO
READING, (°C) READING C) TFORH, & TFORH" & (
H' (mm) , H" (mm) (°C) (°C) )}
1 1.50 27.00 0.00 27.00 2.28 2.28 3.78 228 150 96.22
2 1.20 27.00 0.00 27.00 2.28 2.28 348 228 120 96.52
3 1.00 27.00 0.00 27.00 2.28 2.28 328 228 100 96.72
4 0.90 27.00 0.00 27.00 2.28 2.28 318 228 090 96.82
Table 14: Hydrometer Test Results for UB 0+300 C
FIRSTFOUR  TEMPERATU bﬁg&gﬂg TEMPERATU TEMPEERATUR TE'\{IJP,-E; AT woLay ST
HYDROMETER  RE AT RE AT 0 an— I
SN "READING,H  READING,T' R READING,T" COEFFICIENT COEFF'C"'ES (H+8) gy gy (H+E)— 00— precLay
(mam) 0 H" (mm) (0) FORH, & (C) | F?F:Og' (H"+8")}
1 2.80 26.00 1.10 26.20 1.98 204 478 3.14 1.64 95.22
2 2.60 26.00 1.00 26.50 1.98 213 458 3.13 1.45 95.42
3 2.50 26.00 0.60 27.00 1.98 228 448 288 1.60 95.52
4 2.20 26.00 0.50 26.00 1.98 198 418 248 1.70 95.82
Table 15: Hydrometer Test Results for UB 0+450 A
FIRSTFOUR  TEMPERAT ;ﬁg&g&%ﬁ TEMPERATU TEMPFE; ATY TEMPREER ATY . %SILT
gNn TYDROMETER = UREAT ER RE AT COEFFICIEN COEFFICIENT ., g0 HCLAY {(H+2) - %SAND
READING H' READING, T poamine  READINGT' o o o o (H"+ 8")
(mm) 0) H ) ) : , (H"+8"}
(9] (9]
1 0.50 26.00 0.00 26.00 1.98 1.98 248 198 050 97.52
2 0.30 26.00 0.00 26.00 1.98 1.98 228 198 030 97.72
3 0.10 26.00 0.00 26.00 1.98 1.98 208 198 0.10 97.92
4 0.00 26.00 0.00 26.00 1.98 1.98 198 198 0.00 98.02
Table 16: Hydrometer Test Results for UB 0+450 B
FIRST FOUR LAST FOUR TEMPERATU  TEMPERAT %SILT
HYDROMET TTEUI\QEEAR'TA HYDROMET TE'\QEEE’TATU COEFRFI?CIEN COELIiIF:zIIf:IEN HCLAY - {(H+8) :
SN ER READING ER READING, T" H*E) (e g 100 (ecL
READING, H "0 0%" READING, 0y TFORH, 8 TFORH" & H+5) — ree
(mm) H" (mm) °C) °0) )
1 0.00 26.00 0.00 26.00 1.98 198 198 198 0.00 98.02
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2 0.00 26.00 0.00 26.00 1.98 198 198 198 0.00 98.02
3 0.00 26.00 0.00 26.00 1.98 198 198 198 0.00 98.02
4 0.00 26.00 0.00 26.00 1.98 198 198 198 0.00 98.02

Table 17: Hydrometer Test Results for UB 0+450 C

LAST 0
E'&ggg%‘é? TEMPERATU ~ FOUR  TEMPERATU TEMPFEER ATY TEMPRE; ATY ASILT
SN ER REAT  HYDROM REAT  COEFFICIENT COEFFICIEN (., g %SLAT {2 po— psece
REA(%%G, H' REAE,'C’\;G' T REirllDEIT\IG REA'(DO'C'\‘)G’ T FORH, & TFORH", & (H™+87) i+ 8
 H" (mm) (O (0 )}
1 5.00 26.00 2.20 26.50 1.98 2.13 6.98 433 265 93.02
2 5.30 26.00 2.00 27.00 1.98 2.28 728 428 3.00 92.72
3 5.10 26.00 1.80 27.00 1.98 2.28 7.08 4.08 3.00 92.92
4 4.00 26.00 1.50 26.00 1.98 1.98 598 3.48 250 94.02
Table 18: Hydrometer Test Results for UB 0+600 A
LAST TEMPERAT  TEMPERAT %SILT
FIRSTFOUR "EMPERATU  FOUR TEMPERAT URE URE
N HYDROMETER — REAT HYDROME ~ UREAT  COEFFICIE COEFFICIE . & WCLAY {(H+8) o (secL
READING, H'"  EADING, T' TER READING, NT FORH', NTFORH", (H+=) (H"'+8"  _ (H"+8 e
(mm) (°C) READING, T"(°C) a o .
H* (mm) C &0 3}
1 0.80 26.00 0.00 26.50 1.98 2.13 278 213 065 97.22
2 0.50 26.00 0.00 26.50 1.98 2.13 248 213 035 97.52
3 0.00 26.00 0.00 26.00 1.98 1.98 198 198 0.00 98.02
4 0.00 26.00 0.00 26.00 1.98 1.98 198 198 0.00 98.02
Table 19: Hydrometer Test Results for UB 0+600 B
LAST TEMPER .
FIRSTFOUR TEMPERATU  FOUR TEMPERAT  ATURE TE,\(IJPREER AT ASILT
HYDROMETER  REAT HYDROME  UREAT  COEFFIC  orcrice %CLAY  f(H+#) e
SN READING,H'  :EADING, T TER READING IENT  STrorn, %) (eeen 100 - (&L
(mm) ©C) READING, Tec)  FORH, ' 7(51”9
H" (mm) ar (oc) g (oc) )}
1 0.05 26.00 0.00 26.00 1.98 1.98 203 198 0.05 9797
2 0.00 26.00 0.00 26.00 1.98 1.98 198 198 0.00 98.02
3 0.00 26.00 0.00 26.00 1.98 1.98 198 198 0.00 98.02
4 0.00 26.00 0.00 26.00 1.98 1.98 198 198 0.00 98.02
Table 20: Hydrometer Test Results for UB 0+600 C
LAST TEMPERA TEMPERAT %SILT
FIRSTFOUR  TEMPERAT  FOUR TEMPERAT  TURE URE
sy HYDROMETER ~UREAT ~ HYDROME  UREAT  COEFFICI COEFFICIE ., g WOLAY  ((H+8)
READING, H' READING, TER READING, ENT FOR NT FOR H", H+#) (H"+8") _ (H"+ 8 (Ll
(mm) T (°C) READING, T (°C) , .
H" (mm) H, 8 (C) 8" (0) )}

1 10.50 26.00 6.00 26.50 1.98 213 1248 813 435 8752
2 10.00 26.00 5.40 26.50 1.98 213 1198 753 445 88.02

3 9.50 26.00 5.00 26.70 1.98 219 1148 7.19 429 8852
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4 9.30 26.00 4.60 26.00 1.98 198 1128 658 470 88.72

Table 21, shows the dio values, the values of the coefficient of permeability of soil samples in metre
per second m/s and millimetre per hour mm/hr., and their permeability class. It was observed that
soil samples have very high infiltration rate, ranging from 93.64 - 2509.06 mm/hr; a characteristic
of sandy soils.

Table 21: dio Values of Soil Samples

SOIL SAMPLES q ) 5 E,mis PERMEABILITY
10, MM (d10 )%, mm = C ()] E,, mm/hr. CLASS, P
0+00 A 0.189 0.035721 0.00035721 1285.956 1
0+00 B 0.063 0.003969 0.00003969 142.884 1
0+00C 0.218 0.047524 0.00047524 1710.864 1
0+150 A 0.051 0.002601 0.00002601 93.636 2
0+150 B 0.225 0.050625 0.00050625 1822.5 1
0+150 C 0.172 0.029584 0.00029584 1065.024 1
0+300 A 0.09 0.0081 0.000081 291.6 1
0+300 B 0.075 0.005625 0.00005625 202.5 1
0+300C 0.142 0.020164 0.00020164 725.904 1
0+450 A 0.259 0.067081 0.00067081 2414916 1
0+450 B 0.264 0.069696 0.00069696 2509.056 1
0+450 C 0.081 0.006561 0.00006561 236.196 1
0+600 A 0.186 0.034596 0.00034596 1245.456 1
0+600 B 0.236 0.055696 0.00055696 2005.056 1
0+600 C 0.097 0.009409 0.00009409 338.724 1

For whichc = 0. 01.

Table 22 shows the percentage of organic carbon (%0C) and organic matter (%0OM) in the soil
samples. It revealed that the organic matter content in the soil samples is small. This affects the
erodibility of the soils as soils with low erodibility may be characterized with low organic matter
content.

Table 23 shows the average percentage silt, clay and percentage sand. The results show that sample
UB 0+300 A has the largest quantity of clay and silt succeeded by sample UB 0+150 A. However,
sample UB 0+150 A has the highest amount of very fine sand. Furthermore, sample UB 0+600 B
has the relatively highest amount of sand.

Table 22: Percentage Organic Carbon and Percentage Organic Matter in Soil Samples

SOIL SAMPLES DEPTH (m) %0C e -
(= %%0C x 1.72)

0+00 A 0.30 0.58 1.00

0+00 B 0.30 0.26 0.45

0+00 C 0.30 0.32 0.55

0+150 A 0.30 0.90 1.55

0+150 B 0.30 0.61 1.05

0+150 C 0.30 0.96 1.65

0+300 A 0.30 1.34 2.30

0+300 B 0.30 0.10 0.17

0+300C 0.30 0.48 0.83

0+450 A 0.30 0.48 0.83

0+450 B 0.30 0.32 0.55

0+450 C 0.30 1.38 2.37

0+600 A 0.30 0.58 1.00
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0+600 B 0.30 0.48 0.83
0+600 C 0.30 0.26 0.45

Table 23: Soil Structure Class, §

%SAND SOIL

SA?\AOF!tES A(}//ERAGE AVERAGE %VERY FINE (0.1mm- STRUCTURE
oCLAY %SILT SAND,g/llzr?“g(])).Ome- 2.0mm) CLASS. §
0+00 A 2.67 2.54 6.45 79.96 1
0+00 B 1.98 1.14 5.72 83.64 1
0+00C 2.48 1.05 4.43 83.83 1
0+150 A 11.16 4.52 15.73 30.44 3
0+150 B 1.98 0.68 4.11 88.15 1
0+150C 2.82 1.64 7.86 83.62 1
0+300 A 20.69 8.36 6.25 21.94 3
0+300 B 2.28 1.15 3.25 85.83 1
0+300 C 291 1.60 11.32 75.93 1
0+450 A 1.98 0.23 4.61 87.09 1
0+450 B 1.98 0.00 4.08 85.34 1
0+450 C 4.04 2.79 9.05 68.42 2
0+600 A 2.06 0.25 3.29 84.65 1
0+600 B 1.98 0.01 1.95 92.42 1
0+600 C 7.36 4.45 10.06 60.19 2

Table 24 shows the erodibility factor in metrics, also represented in Figure 5. It was observed that
soil erodibility ranges from 0.002 to 0.01ton-ha-hr/(ha-MJ-mm). This result is due to the soil texture

being mainly sandy as sand can be easily detached but does not easily runoff. The higher the K value
of any soil, the greater its susceptibility to rill and sheet erosion, all other factors being equal. The
soil structure, texture, organic matter and permeability are the determinants of K values. In general,
soils with improved soil structure, higher levels of organic matter, greater permeability, have a
greater resistance to erosion and, therefore, a lower K value. The presence of very fine sand, silt,
and clays with high shrink-swell capacity increases the K value whereas sand, loam and sandy loam
textured soils are less erodible.

Table 24: Erodibility Factor for University of Benin Gully Site

ERODIBILITY ERODIBILITY

SOIL FACTOR IN FACTOR, K’
SOIL SAMPLES %SILT +VFS ~ %SAND  %0M PERC'\ﬂi':Z;”:TY STRUCTURE ~ METRICS, K [ton-acre-hr/
' CLASS, § [ton-ha-hr/(ha-MJ (100acre-ft.-ton
-mm)] -in)]

uB 0+00 A 8.99 79.96 1.00 1 1 0.004 0.03037
UB 0+00 B 6.86 83.64 0.45 1 1 0.005 0.03797
UB 0+00 C 5.48 83.83 0.55 1 1 0.004 0.03037
UB 0+150 A 20.25 30.44 1.55 2 3 0.010 0.07593
UB 0+150 B 4.79 88.15 1.05 1 1 0.004 0.03037
UB 0+150 C 9.50 83.62 1.65 1 1 0.004 0.03037
UB 0+300 A 14.61 21.94 2.30 1 3 0.007 0.05315
UB 0+300 B 4.40 85.83 0.17 1 1 0.004 0.03037
UB 0+300 C 12.92 75.93 0.83 1 1 0.005 0.03797
UB 0+450 A 484 87.09 0.83 1 1 0.005 0.03797
UB 0+450 B 4.08 85.34 0.55 1 1 0.004 0.03037
UB 0+450 C 11.84 68.42 2.37 1 2 0.008 0.06074

N
~



Emeribe C.N. et al. / NIPES Journal of Science and Technology Research
4(1) 2022 pp. 12-38

UB 0+600 A 3.54 84.65 1.00 1 1 0.004 0.03037
UB 0+600 B 1.96 92.42 0.83 1 1 0.002 0.01519
UB 0+600 C 14.51 60.19 0.45 1 2 0.008 0.06074

5°3815"E
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Figure 1: Soil erodibility plot across the study area

Results of rainfall kinetic energy in the study area are presented in Table 25. Rainfall kinetic energy
is at peak in July with 124.1MJ/ha and least in January with 4.87MJ/ha. This corresponds with the
pattern of rainfall erosivity. The Rainfall-Runoff Erosivity factor, R is estimated using the earlier
mentioned formulae. Using Roose Model (MJmm/ha/hr), seasonal Rainfall Erosivity Factor over
the study area was also computed and the result is presented in Figure 6. Seasonal erosivity assumes
similar pattern with rainfall distribution. The zero value of R in the months of December, January
and February is an indication that rainfall during these months are not effective (Figures 7 and 8).
On annual basis, the Rainfall-runoff erosivity value for University of Benin is very high when
compared to the Rainfall Aggressivity Index proposed by Arnoldus [30] (see Table 26).

Table.25: Kinetic Energy ((MJ/ha)) and Rainfall and Rainfall Erosivity over University of Benin

Jan |Feb | Mar |Apri |[May |[June |July |Aug |[Sept |[Oct |Nov | Dec
KE 487 18.65 35.63 6455 81.12 9947 1241 120.82 123.75 89.71 2498 7.6
(MJ/ha)
Rainfall 0.11 1.18 4.08 13 20.37 30.47 472 4032 46.94 2485 2.06 0.23
Intensity
Elso 0 004 044 011 927 1992 4576 3392 4528 1352 012 O
(IJmm
ha-lh-1)
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Fig 7: Annual Rainfall Distribution over Benin-City
(1970-2012)

Our analysis revealed that Benin City experienced the
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Fig 8: Seasonal Rainfall Distribution over Benin-City
(1970-2012)

highest rainfall distribution of 3064mm in

2011 and the least of 1234.7mm in 1977. The trend line of the rainfall distribution increased over
the years as well as a huge variation in the rainfall distribution. The findings show that Benin City
had the least and highest seasonal rainfall distribution in the month of January and July of 14.65mm

and 302.65mm respectively.

Using equations 16-23, the computation of LS factor shows that slope length, £ is 1242.116m; the
slope angle, & is 2.548° and the percent slope, s is 4.513%. The Slope Length factor, L is 4.6823

and the Slope Steepness factor, § is 0.5169. The combi

nation of the Slope Length factor, L and the

Slope Steepness factor, § results in the Topographic factor, L5 which has a moderate value of 2.42.

Table 27 shows the Cover Management factor, € and the results revealed that it is uniform
throughout the gully site. The Raster value of each sampling point was obtained from the Land Use

and Land Cover (NDVI) Map (Figure 9).

Estimated result of soil loss using the RUSLE factors is shown in Table 28 and Figure 10. It revealed
that the annual soil loss A over the study area is relatively high with a minimum value of 1.509 ton

/ha/yr. and a maximum value of 7.545 ton/ha/yr., and an average value of 4.653 tons/ha/yr. Hence,
it can be inferred that soil erosion across the study area ranges from moderate to high around 0+150B

where erosion can be said to be young.
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Fig. 9 Normalized Difference Vegetation Index (NDVI). Fig. 10 Soil Loss Map of the University of Benin Gully.

Table 29 shows the width of the gully at the beginning, middle and end of the gully area. The
findings show that the gully decreases in width across the chainages as it moves from 0+00 to 0+600.
This pattern is expected for a natural erosion cycle with young stage, middle and old stage which
are characterized by active erosion, development of well-integrated drainage system and
depositional plains respectively as opined by Pimental et al. [36].

Table 27: Table of Cover Management Factor, €

SOIL RASTERVALUE NDVI {= "'—mﬂbmuz) MAI\CI:,’SC\;/IESENT
SAMPLES oo FACTOR, €
UB 0+00 A 128.00 0.128 0.33
UB 0+00 B 128.00 0.128 0.33
UB 0+00 C 128.00 0.128 0.33
UB 0+150 A 128.00 0.128 0.33
UB 0+150 B 128.00 0.128 0.33
UB 0+150 C 128.00 0.128 0.33
UB 0+300 A 128.00 0.128 0.33
UB 0+300 B 128.00 0.128 0.33
UB 0+300 C 128.00 0.128 0.33
UB 0+450 A 128.00 0.128 0.33
UB 0+450 B 128.00 0.128 0.33
UB 0+450 C 128.00 0.128 0.33
UB 0+600 A 128.00 0.128 0.33
UB 0+600 B 128.00 0.128 0.33
UB 0+600 C 128.00 0.128 0.33
Table 28: Table of Estimated Soil Loss, A
ERODIBILITY FACTOR, oM ALLS COVER SUPPORT  SOIL LOSS
SOIL ' RUNOFF TOPOGRAPHIC '
SAMPLES ¥ [tO”'hni'n'l;E’ (haMJ EROSIVITY,R  FACTOR, LS Mﬁﬁé%g’im F;iAC‘;QFf’E; A [t;):]f ha/
[MJ-mm/(ha-hr)]
0+00 A 0.004 944.76 2.42 0.33 1.00 3.018
0+00 B 0.005 944.76 2.42 0.33 1.00 3.772
0+00 C 0.004 944.76 2.42 0.33 1.00 3.018
0+150 A 0.010 944.76 2.42 0.33 1.00 7.545
0+150 B 0.004 944.76 2.42 0.33 1.00 3.018
0+150 C 0.004 944.76 2.42 0.33 1.00 3.018
0+300 A 0.007 944.76 2.42 0.33 1.00 5.281
0+300 B 0.004 944.76 2.42 0.33 1.00 3.018
0+300 C 0.005 944.76 2.42 0.33 1.00 3.772
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0+450 A 0.005 944.76 242 0.33 1.00 3.772
0+450 B 0.004 944.76 2.42 0.33 1.00 3.018
0+450 C 0.008 944.76 242 0.33 1.00 6.036
0+600 A 0.004 944.76 242 0.33 1.00 3.018
0+600 B 0.002 944.76 2.42 0.33 1.00 1.509
0+600 C 0.008 944.76 242 0.33 1.00 6.036

Table 29: Width of the gully at the beginning, middle and end of the gully area

SIN LOCATION CHAINAGE WIDTH (m)
1 Beginning 0+00 87.361
2 Mid-Section 0+300 28.363
3 End 0+600 84.570

3.2 People’s perception of effects of the soil loss and gully erosion over University of Benin

Two hundred respondents who reside within the study area were randomly selected to analyse the
effects of the soil loss and erosion over the area, and the respondents identified four (4) effects as
shown in Table 30. Among the perceived effects of soil erosion, destruction of infrastructure and
abandonment of property such as buildings and roads constitutes the highest (40.5%) with a resultant
effect on diminishing aesthetics of the University of Benin. Some buildings around the gully site in
the University of Benin are already being threatened as the gully expands (see Plates 1 and 2). Loss
of arable land accounted for the second highest (30.5%) effect of soil loss and gully erosion, and
12.5% respondents perceived soil erosion to induce flooding. Flooding is associated with stream
pollution and erosion-induced stream pollution is one of the intractable effects of flooding in the
study area. Disease outbreak is ranked fifth as an identified effect of soil loss which emanated from
washed away sediments from the gully sites. Loss of life was also identified as a potential effect of
soil loss and erosion in the University of Benin and this was the least indicated effect with 1% (Table
30).

Table 30: Perceived effects of soil loss and erosion

Effect of soil erosion Frequency Percentage Rank
Destruction of infrastructure and 81 40.5 1t
abandonment of property

Loss of arable land 61 30.5 2nd
Flooding 25 125 3rd
Stream pollution 18 9 4t
Disease Outbreak 13 6.5 5th
Loss of life 2 1 6t
Total 200 100

Source: Researcher’s computation, 2019
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Plate 2: Gully site in University of Benin (se the arable land that has been Iot)

3.3 Discussion

From the soil analysis, it is observed that the soil of the University of Benin Gully is highly sandy
with low clay and silt content with UB 0+300 A having the largest quantity of clay and silt succeeded
by sample UB 0+150 A which has a highest amount of very fine sand, and sample UB 0+600 B has
the relatively highest amount of sand. The infiltration rate is observed to be very high from the soil
permeability test while the organic matter (OM) content of the soil was seen to be very low. The
study area was found to be highly erodible, with K value ranging from 0.002 to 0.01 ton-ha-hr/(ha-

MJ-mm) due to its soil texture being mainly sandy which makes the soil easily detachable and the
high infiltration rate since erodibility is dependent on the texture, organic matter and permeability
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of the soil. The low organic matter and the fact that the study area has very low clay and silt is
attributable to anthropogenic activities such as land use change in the study area. This finding is in
agreement with other studies carried out in the humid tropics such as [37-38]. For example study
has found that land use change has adverse effects on soil characteristics such as soil texture,
permeability and aggregate stability [39]. Changes in the aforementioned soil characteristics are
important because change in the rate of soil erodibility emanates from them [40]. Similar studies
have also established that land use change from forest to croplands might result in silt and clay
increase, and sand decrease [41, 42]. Generally, organic binding agents can significantly enhance
the water-stability of aggregates when compared to bare soil or inorganic binding agents [43].
Hence, these organic binding agents play important roles in resistance to soil erosion [44].

Furthermore, it is noticed that rainfall-runoff erosivity value is high for Benin City. Rainfall is the
major energy source for detachment and transport of soil particles from the soil profile, thus
increasing the erosive power and thereby making small rills converge to form large surface channels;
gullies [45-47]. Studies have shown that rainfall is the most important factor that is directly relevant
to erosion studies in the tropics [48-52].

Rainfall intensity, duration of fall, drop size, frequency of fall, terminal velocity, annual total
amount, Kinetic energy among others are the rainfall characteristics that have the ability to loosen
up soil structures and consequently detach earth materials from different surfaces [53-55]. Soil
erosion is fundamentally initiated by detachment, controlled mostly by shear forces of rainfall drops
which is represented by rainfall erosivity factor [56, 57]. The impact energy of raindrop triggers the
destruction of aggregates while runoff water transports the detached particles [58]. This has resulted
to decreased productivity and sustainability of agriculture [59], degradation of ecosystem function
[60, 61], and displacement of human populations [62]. For runoff plots with natural or simulated
rainfalls, raindrop energy has been shown to cause a splash crust that modifies the infiltration
process and amplifies the runoff importance on the fields; the proportion of rain that cannot infiltrate
into the soil is determined by the rainfall intensity in most cases [63, 64]. This runoff starts as a thin
trickle of water and picks up energy provided the slope is steep and long enough, and that the notion
of a threshold value and duration below which erosion does not occur: a threshold of minimum
intensity explained in the erosivity index developed by Hudson [63] and a threshold of duration of
high intensity and a duration of the rainfall which causes soil saturation and the disintegration of the
soil structure.

In recent years, studies on rainfall extremes analysis and aggressiveness have been carried out across
the world [65-69]. “It has been with the advent of mathematical models of soil erosion that rainfall
aggressiveness, defined under the name of ‘‘rainfall erosivity R index”, has been systematically
analyzed” [29]. The rainfall erosivity factor is one of the six factors in the Universal Soil Loss
Equation (USLE) [70] and the Revised Universal Soil Loss Equation (RUSLE) (Renard [24] that is
used to compute the ability of rainfall to cause soil loss under different conditions. Thus, it is a
method used to predict soil erosion.

The slope angle of the gully is low and the slope length is high, resulting in a relatively moderate
topographic factor. The cover management factor of the gully site is relatively low as the gully site
is located in an area of little vegetation. From the results, it is discovered that Cover Management
factor, € is uniform throughout the gully site. This is expected as the study area has undergone

intensive modification in land use arising from expansion in university activities, including
residential land use. The soil erosion is strongly related to the land cover and land use [71-74] and
land use changes and the percent of vegetation has many effects on soil loss [75-77].

As natural vegetation is modified due to urban expansion, the urban hydrological system has to cope
with a highly fluctuating amount of surface runoff water which may become extremely high during
periods of rainfall [78]. Hydrological effects of increased impervious surface area typically result in
higher flow peaks and larger total streamflow volume, shifts in subsurface flow to surface flow and
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increases in flood frequency [79-86]. Thus, the higher the flow peaks and larger total streamflow
volume as well as increases in flood frequency, the greater the erodibility of soil. Consequently, the
annual soil loss was determined to be relatively high having a minimum value of 1.509 ton/ha/yr.

and a maximum value of 7.545 ton/ha/yr., with an average value of 4.653 tons/ha/yr. Converting
from tons/ha/yr. to kilogram per square kilometre per year (kg/sq. km/yr.), an average of
46.53kg/sq.km of soil is lost in a year from the gully site. This denotes a high amount of soil lost
and has resulted in downstream water quality, reduction of landscape productivity and loss of
organic matter and nutrients which is in line with findings of Newcombe and Macdonald [87] and
Hancock et al. [88]. The Soil loss amount as seen in the study area and its associated impacts will
be accelerated by human-induced soil degradation as had been noted by Pimentel et al. [36]; Bai et
al. [89]; Ajaero and Mozie [52] and Gelagay and Minale [90]. In addition, respondents’ perception
of the effects of the soil loss over University of Benin is an indication that the adverse effects of soil
loss is already being in the study area.

4. Conclusion and Recommendation
There are variations of soils susceptibility to erosion. The soil erodibility factor K is a measure of

erodibility, i.e. the K factor represents both susceptibility of soil to erosion, and the amount and rate
of runoff, as measured under the standard unit plot condition. K values of about 0.02 to 0.15 are low
and are fine textured soils high in clay and are resistant to detachment. K values of about 0.05 to 0.2

are also low (because of low runoff even though these soils are easily detached) and are coarse
texture soils (such as sandy soils). Medium textured soils (such as silt loam soils), have moderate K

values of about 0.25 to 0.40, because they are moderately susceptible to detachment and they
produce moderate runoff. Soils with high silt content are the most erodible; they tend to crust and
produce large amounts and rates of runoff and they are easily detached. From the results it could be
established that the soil of the University of Benin Gully is sandy, characterized either as sand or
loamy sand. The erodibility of the soil is low ranging from 0.002 to 0.01 ton-ha-hr/(ha-MJ-mm) and

the annual soil loss is high ranging from 1.509-7.545 ton/ha/yr. On average, 46.53kg/sq.km of soil

is lost in a year from the gully site. This denotes a high amount of soil lost and moderate soil erosion.
Destruction of infrastructure and abandonment of property as well as loss of arable land have been
identified as the major effects of the gully sites within the University of Benin. Thus, it should be
noted that there will be a lot more devastating effects without remediation of the gully site.

The following are the recommendations:

i Conservation planning and land use policies should be developed and implementation of erosion
control measures to focus on the more prone slopes that are likely to suffer immensely from the
directional influence of rainfall. Various erosion control techniques must be employed
concurrently, giving much priority to a more effective and sustainable cover growth on all
susceptible slope.

il Prohibition of refuse dumping along river courses because it impedes the flow of water and
causes flooding especially during heavy rainfall.

iii Planting of plantain, banana and grass species such as Eulaliopsiss binata (Babiyo), Neyraudia
reynaudiana (Dhonde), Cymbopogon microtheca (Khar) on the floodplains to enhance slope
stability and reduce soil erosion.

iv Enlightening the public against location of engineering structures on waterways and enacting a
law empowering relevant authorities to prosecute whosoever violates the rule.
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