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Abstractv
The development of gullies is one of the environmental problems in Chikun local government
area, Kaduna State. In this research therefore, the authors assessed the controlling factors and
effects of gully erosion in Chikun local government area. The objectives were to identify and map
the spatial distribution of gully erosion sites in the study area, estimate the amount of soil loss in
the study area using soil loss estimation model of South Africa (SLEMSA) and assess factors
controlling gully erosion in the study area as well as examine the menace of gully erosion in the
area. Data used in this study were derived from field observation, Quick Bird imagery; soil
samples were collected from the study sites and were analyzed. The nine gully erosion sites
identified in the course of the study were all mapped as major gullies. The estimated annual
amount of soil loss ranges from 1.3ton/ha/yr to 48tons/ha/yr, the controlling factors of gully
erosion shows that slope (56%) had the highest on gully erosion in the study area. The effect of
gully erosion in the study area is in form of loss of lands, houses, economic trees and lives. It is
concluded that in some areas, a single factor may have an overwhelming effect than others
leading to large differences in the estimated soil loss among the research sites.
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Introduction

Erosion is an environmental problem of high

magnitude. It is among the natural surface

processes capable of disrupting the earth’s

landscape without any serious land

reclamation efforts.. Soil erosion is certainly

a severe form of land degradation within the

tropics (EL-Swaify, Dangler and Armstrong,

1982). However, gully erosion is mostly the

most important or pronounced of all the

various forms of erosion (EL- Swaify,

1990). Monkhouse and Small (1978)

explained gully erosion as a well-defined

water worn channel. Water erosion is an

ecological hazard that destroys land leading

to land degradation in the world. About 56

percent of land degradation is precipitated

by water erosion, thus, raising a worldwide

concern over land productivity (Elirehima,

2001). In most Nigerian communities, the

menace of erosion grows correspondingly

with increase in land use practices. The
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causes have been traced to factors such as

urbanization, expanded or increased

agricultural activities and practices like

mono cropping.

Among the resources of the earth, soil is the

most significant because it sustains both

living and non-living things. A number of

activities are carried out on it. These

include; Building, Constructions,

Agricultural activities, among others. It

contains resources in various forms of solid,

liquid and gaseous. However, threat to soil is

also threat to live. Okin (2002) pointed out

that higher than 65 percent of the soil on

earth show deterioration as a results of

erosion, salinity and desertification

Shuaibu (2002) tested the record of physical

soil erosion in Kureke village, Kano State

and found out the danger associated with it

which the author arranged them in order

starting from highly severe to little or  low

erosion hazards. Saha and Pande (1993)

studied the impact of erosion in Doon valley

in India where they studied the threat posed

by erosion where they turn up with four

erosion section using slope map and

auxiliary data and rainfall as an input.

Agi (2015) modelled erosion in Northern

Makurdi, Benue State. The study used

RUSLE to rule out the quantity of soil loss

within the study space furthermore as

mapped and analyzed the way and nature

erosion is been dispersed within Northern

Makurdi from 2003-2013. The result

indicated the quantity of soil lost to vary

from 0-48tons/ha/year. Considerable number

of lives has been lost as a result of gully

erosion and so many people have sustained

numerous extent of injuries by falling into

these gullies as equally reported by Igwe,

Akanigbo and Mbagwu (1997).

Approximately, 23 persons reportedly lost

their lives in just an occurrence of gullying

activities in Ibori, Ugbalo, Ewu-Eguare,

Idogalo and Oludide communities of Edo

State, (Abdulfatai, Okunlala, Akande,

Momoh and Ibrahim, 2014). Birte (2010)

made use of remote sensing and GIS in

mapping the extent of gullies in Badume,

Kano State. The outcome of his analysis

indicated that gullies expands and escalate

from 37.9ha (2000) to 45.1ha in (2006).

Mallam (2014) determined soil erosion

hazards in Kano municipal by applying

SLEMSA model. The outcome of his work

revealed that the most contributing variable

was rainfall erosivity which accounted for

46% as the highest percentage, while the

second contributing factor was the nature of
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the soil. However, the factor with least

contributing frequency was vegetation.

Soil Erosion may be investigated by

employing different approaches, however

typical techniques of field study for

assessment of soil erosion and runoff are

costly and time consuming.  According to

Kappel (1996) disclosed that current erosion

damage methodology has been designed to

check out  erosion features, together with

dominant causes of erosion so as to estimate

soil erosion deterioration of recent origin.

However, the application and

synchronization of different sources of

knowledge represent the main goal in

coming up with more satisfying outcome in

the research of many environmental

problems.

The Study Area

Chikun Local Government area is among the

areas in Kaduna that is affected by both

natural and human driven erosion. Erosion

damages the surroundings, resulting in

economic loss leading to loss of property

and lives. Detachment of arable terrain or

surface from one location and its deposition

in another location constitute environmental

problems affecting land productivity for

crop production and animal husbandry.

However, from the literature reviewed,

limited research has been done on the use of

Geo-information techniques along with data

collection from the field in examining the

controlling factors and effects of gullies in

Chikun Local Government of Kaduna State.

As a result, this study identified and mapped

the spatial distribution of gully erosion sites

within Chikun Local Government Area;

estimated the average amount of soil loss

within the study area using SLEMSA;

assessed the controlling factors of gully

erosion and examined the effects of gully

erosion within the study space.

Chikun Local Government Area is one of

the notable local government areas in

Kaduna State with its headquarters in

Kujama town. Chikun Local Government

Area is located on Latitude 100 N and 100

50'North of the equator and Longitude 604'E

and 705' East of the Greenwich Meridian. It

is located on the Southern part of Kaduna

State and share common boundaries with

Kaduna North Local Government and Igabi

in the North.In the South western part, it has

a common border with Niger State and in

the East, it shares boundaries with Kajuru

and Kachia Local Government Areas as

shown in Figure 1 and it has a total land size

of about 4801 square kilometers.Danjuma
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(2015) reported that the study area is

dominated by the Gbagyi people who are the

indigenes of the area. Other ethnic groups

found in the area areJaba, Kataf, Bajju,

Adara, Kaninkon, Ikulu, Yoruba, Igbo,

Idoma and Igala, making the population

more heterogeneous and a melting point of

different cultures.

Figure 1: Chikun Local Government Area

Source: Adapted from administrative Map of Kaduna State (2018)

MATERIALS AND METHOD

The following data types were used. They

include Quick bird 2018 satellite imagery;

Rainfall data from Nigeria Meteorological

Agency.; Soil samples were collected from

gully erosion sites in the study area; Shuttle

Radar TopographyMission (SRTM) imagery

of the study area was sourced from

froglcfaap.glcf.umd.edu/data/; while Landsat

ETM+ multispectral satellite imagery of the

year 2018 of the study area was obtained

from www.glovisusgs.gov.

The image of the study area was geo-

referenced/geo-rectified (registration) to a

geographic coordinate system. The images

were brought into Erdas Imagine 9.2

environment and were rectified to a common

projection (Universal Traverse Mercator)

which is dependable since its measurements

are cited in linear, decimal units, rather than

in angular, non-decimal units in order to

translate the images real world coordinate to

digital format so that it could be matched
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with other essential and related maps used in

this study. Geo-referencing was established

by assigning geographic information like

location and position, to the data sets

(images). This assisted in defining the

existence of those data sets in physical space

as well as establishing their location in the

real world.The area of interest was subset

from each of the larger scenes of the

imagery using Erdas Imagine 9.2 software

since the satellite images cover a large area.

Supervised classification technique was

done using Maximum Likelihood

Classification (MLC) algorithm. The

attribute and statistics from the classification

result were generated. Based on the previous

knowledge of the area and reconnaissance

survey, a classification model after

Anderson, Hardey, Roach and Witmer

(1976) was adopted for the study. The

classification scheme used the five (5)

classes viz; urban/built-up, vegetation,

cropland, bare surface and water body as

shown in table 1.

Table 1: Land use and Land cover Classification System

C o d e Land use/Land classes C o v e r  d e s c r i p t i o n

1 B u i l t - u p  l a n d Land used for settlement and building of urban infrastructures such as schools, roads etc.

2 V e g e t a t e d  l a n d Land covered with natural vegetation such as grasses, shrubs, grass like plants and natural forest

3 C r o p  l a n d Land used as crop land, agricultural farmland etc

4 W a t e r  b o d y R i v e r s ,  s t r e a m s ,  p o n d s  a n d  d a m s

5 B a r e  s u r f a c e Land devoid of vegetation cover and exposed soils

Source: Adapted from Anderson, et al,(1976)

Coordinates information collected was used

for visual assessment and development of

training site in Erdas Imagine 9.2. The

SRTM was used to produce a digital

elevation model (DEM) where the slope

length (L) and the slope gradient (S) were

estimated and the DEMwas one of the

parameters used in estimating the average

amount of soil loss in the study area.

The rainfall data was used to determine the

seasonal runoff energy (E) which was also

another parameter used in the SLEMSA

equation for calculating the average amount

of soil loss.

The soil data was processed to generate the

soil erodibility (F) which was also another

parameter used in the SLEMSA equation for

estimating the average amount of soil loss.
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The rainfall runoff erosivity factor is defined

as the average annual sums of individual

storm erosion index value EI30, where E is

the total storm kinetic energy and I30 is the

maximum rainfall intensity in 30 minutes. In

areas where charts for automatic rain gauges

were not available, like in Nigeria, the mean

seasonal energy (E) may then be estimated

from regression equations for areas

susceptible to drizzle (equation 1):

E = 17.37 x P. . . . . .  . . . . . . . . .

(1)

In a normally aggressive climate, the

equation 2 is preferred:

E = 18.84 x P . . . . . . . . . . . . . . .

(2)

Where E = kinetic energy in joules/m2/yr;

the mean seasonal energy E was estimated

from the equation (Igwe, 1997):

Where, P = mean annual rainfall in mm; E =

= kinetic energy in joules/m2/year, (Mallam,

2014).

The long term recording rain gauge data

(2008-2018) were used to calculate long

term averages for the study area.

Wischmeier and Smith (1978) recommended

that at least 20 years of rainfall data should

be used to accommodate natural climatic

variation but a 10 year rainfall data can also

be used as stated in the RUSLE handbook

(Renard, Foster, Weesies, McCool and

Yoder, 1997). Each of the rainfall charts was

analysed by adding up the monthly averages

to the yearly averages. To obtain rainfall

amount in millimetre (mm), the rainfall from

January – December averages for 10 years

was calculated. In relation to the rainfall

runoff erosivity factor, the values of the

rainfall records in the study area were used

to produce the rainfall map. Available

rainfall stations and their averages were used

and hence, the rainfall map of the study area

extracted.

The R factor was calculated for the selected

rainfall gauging stations. ArcGIS 10.1 was

used to produceIsohyet maps for R factor.

All the data points were interpolated

spatially using the Ordinary Kriging method

found in the ArcGIS 10.1 Spatially Analyst

tool to make the same resolution or grid cell

size as the other maps inserted in the

ArcGIS.

Samples of soil from different horizons from

the sampled gully erosion sites in the study

area were collected to carry out soil analysis

in order to establish soil data base. Weighed

samples were poured into 2mm sieve and

sieved. The value of F in SLEMSA is the

sum of a bare soil erodibility value (Fb) and

correction factors based largely on practice

(p) factor which accounts for cultivation
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practice, past cropping condition and other

factors.

The sources of the input data used were the

estimation of soil erodibility index (F) and

involves field observation of the study sites

and laboratory soil analysis. The soil

erodibility that directly or indirectly affected

the soil’s inherent sensitivity to erosion

includes percentage of clay composition.

The soil erodibility values (Fb) were

estimated based on soil textural classes and

other essential soil surface conditions that

directly or indirectly affected the soil’s

inherent sensitivity to erosion.

Soil samples collected were analysed in the

laboratory in order to produce soil database

which was used in soil erosion assessment.

Soil analyses for the following parameters

were carried out: (1) soil texture (2) soil

organic matter (3) soil permeability class.

51.0g of air-dry soil was passed through a

2mm sieve and transferred to a milkshake

mix cu.50cc of 5.0% sodium

hexametaphosphate along with 100cc of

distilled water. The suspension was mixed

together and allowed to set for 30 minutes.

The suspension was stirred for 15 minutes

with the multimix machine. The suspension

was transferred to a cylinder, distilled water

was added and the volume increased to

1130cc. The first and second readings were

recorded using the hydrometer and the

temperature was recorded as well. The first

reading indicates the percentage of silt and

clay while the second reading measures the

percentage of 2-micron (total) clay in

suspension.

A representative of the sample was passed

through 0.5mm sieve, soil sample that has

been weighed out was transferred into a

250ml Erlenmeyer flask; 10ml of

1NK2Cr2O7 was added into each flask and

swirled gently, 20ml of conc. H2SO4 was

added, 100ml of distilled water was added

after standing for 30min; 3-4 drops of

indicator was added. The organic carbon in

the soil was then calculated.

The samples were saturated using distilled

water overnight. The samples were fixed in

a constant head permeametre. The following

parameters were measured: volume of water

in the soil depth, the time it takes to reach or

attain the desired volume, water depth in the

soil as H+, water level outside the sample or

permeametre as H-; permeability (K) was

calculated.

Soil erodibility index (g/J) is the weight of

soil removed or detached from the soil mass
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per unit of rainfall energy. It is the integrated

effect of the processes that regulate rainfall

acceptance and the resistance of the soil to

particle detachment and subsequent

transport or movement. These processes are

affected by soil particle of which soil texture

is an important factor that influences

erodibility. It was estimated based on the

characteristics of the soils using the

following formula developed by Wischmeier

and Smith (1978).

K = 2.8 x 10 – 7M 1.14 (12-a) + 4.3 x 10 – 3

(b-2) + 3.3 x 10 – 3 (c-3). . .                (3)

Where,

a = % organic matter content; b = soil

structure class; c = soil permeability class;

and M = (%silt + % very fine sand) or (100 -

%clay)

For this study, K factor shape file was added

as a layer into ArcGIS 10.1, the soil map

attribute table was edited with adding a new

field of K values under the Edit menu at

attribute view before K factor was produced.

The K factor for the different soil classes

was added. The theme was in vector form

and was changed to grid form with cell size

of 20m.

The slope factor (X) of the USLE was

adapted to be more representative of the

conditions of the experiments during the

development of the model. Hence, the

topographic factor is given by:

X = √L (0.76+0.53S+0.076S2)/25.65  . . . . .

. . . . .                                                     (4)

Where, X = the ratio of soil loss from a plot

of length L and slope percent S, to that lost

from the standard plot; L = slope length in

metre; S = slope gradient in percentage.

The DEM of the study area was extracted

from the shuttle radar topographic mission

data. This was made possible by using the

extraction by mask Spatial Analyst tool of

ArcGIS. DEM represents the surface terrain

of the study area and allows the retrieval of

geographical information. Slopes of DEM in

percentage were also generated using

Surface Analysis under the Spatial Analyst

function. Surfacing function was used to

generate a DEM and to represent as a

surface or one-band image file where the

value of each pixel was a specific elevation

value. A gray scale was used to differentiate

variations in terrain. The slope map was

generated in ArcGIS 10.1 software by using

DEM. Slope map was classified based on

USDA criteria given in table 2.

Table 2: Slope Classes
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C l a s s S l o p e  R a n ge  ( % ) S l o p e  C l a s s

A 0 - 1 N e a r l y  l e v e l

B 1 - 3 V e r y g e n t l e  s l o p i n g

C 3 - 5 G e n t l y  s l o p i n g

D 5 - 1 0 M o d e r a t e l y  s l o p i n g

E 1 0 - 1 5 S t r o n g l y  s l o p i n g

F 1 5 - 2 5 Moderately s teep to  s teep Sloping

G 2 5 - 3 3 S t e e p  s l o p i n g

H 3 3 - 5 0 V e r y  s t e e p

I > 5 0 E x t r e m e l y  s t e e p  s l o p e

Source: Soil Survey Manual (Bhaware, 2006)

Firstly, the elevation value was modified by

filling the sinks in the grid. This was done to

avoid discontinuous flow of water when it is

trapped in a cell which is surrounded by

cells with higher elevation. This was

achieved by using the Fill tool under

Hydrology section found under Spatial

Analyst Tool Function in ArcGIS 10.1. Then

Flow direction was generated from the Fill

grid. The Flow direction tool takes a terrain

surface and identifies the down slope

direction for each cell. This grid indicates

the on-surface water flow direction from one

cell to one of the eight neighbouring cells.

This was made possible by using the Flow

direction tool under Hydrology section

found under Spatial Analyst Tool function in

ArcGIS. Based on the Flow direction, Flow

accumulation was calculated. Flow

accumulation tool identifies how much

surface flow accumulates in each cell; cells

with high accumulation values are usually

stream or river channels. It also identifies

local topographic highs (areas of zero flow

accumulation) such as mountain peaks and

ridgelines. This was done by using the Flow

accumulation tool under Hydrology section

found under Spatial Analyst Tool Function

in ArcGIS 10.1.

Finally, the Raster calculator function under

Spatial Analyst feature (Map Algebra) was

used to apply the equation in the previous

chapter to compute the X factor. The crop

management factor (C), calculated from the

value of soil loss from standard bare soil

condition and that of a cropped field

depends on the percentage of the rainfall

energy intercepted by the crop (i).
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To generate the status of land use and land

cover, a 30m LANDSAT ETM+

multispectral image of Chikun Local

Government Area was downloaded from

www.usgs.gov website and the image bands

from 1-1.0 were stacked and subset for the

study area using the ERDAS IMAGINE 9.2

software. The satellite image was interpreted

making use of interpretation keys such as

pattern, shape, size, shadow, tone, texture,

site and association to derive thematic

information. Features of the land surface

including natural and artificial cover were

considered. Existing land use practices were

investigated through field survey and

training sites for different land uses were

marked in order to obtain information about

land use activities and land cover for

plotting land use land (LULC) map cover. A

maximum likelihood supervised

classification was then applied to the

imagery using the ArcGIS 10.1 software

with the following training sites namely;

Built-up land, Vegetated land, Crop land,

Water body and Bare surface as shown in

table .2. From the LULC map derived C

factor values were assigned for the various

classes according to Donald (1997).

Global Positioning System (GPS) was used

in obtaining the coordinates of gullies in the

erosion sites in the study area. The GPS

coordinates were saved in Microsoft excel as

comma delimited (CSV) and transferred into

ArcGIS environment. The GPS coordinates

were used to locate the gully erosion sites on

the satellite imagery (Quick Bird, 2018) to

allow digitizing of the gullies.

The estimation of the average amount of soil

loss using the Soil Loss Estimation Model

for South Africa Equation (SLEMSA)

The SLEMSA equation is as follows:

Z = K*C*X . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . .                                              (5)

(Morgan, 1995)

Where

 Z is the estimation of long-term

average of annual soil loss in tons

per hectare per year

 C is the crop or cover and

management sub-model which

determines soil loss from a vegetated

plot compared to that from a bare

soil plot by estimating the amount of

energy intercepted (i) by the percent

vegetation cover;

 K is the soil loss sub-model and

combines soil erodibility factor (F),

which is a unitless index of the

susceptibility of soil to erode under a

standard condition and rainfall

erosivity (E), which accounts for the

energy and intensity of rainstorms to
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calculate the average soil loss from a

standard plot compared to soil loss

under bare soil conditions

(Joules/m^); and

 X is the topographic sub-model

which combines slope steepness (ss)

and slope length (si) from a plot with

a given percent slope and slope

length in meters compared to the soil

loss from a standard plot with 4.5%

slope and 30m slope length. These

factors are the inputs of the

SLEMSA model used in estimating

the average amount of soil loss as

modelled by Elwell (1978). When all

these factors are obtained and then

multiplied as shown in the equation,

the estimated amount of soil loss was

calculated.

A multi-criteria analysis was used to assess

factors controlling gully erosion in the study

area. This was achieved by assigning weight

to each gully erosion factor in order to

generate their percentage.

RESULTS AND DISCUSSION

The spatial distribution of gully erosion sites

as identified digitally by means of drainage

pattern, shape, size, colour and tone on the

satellite imagery. Figure 2 represents the

spatial distribution and the area extent of the

gully erosion sites in Chikun Local

Government Area (LGA).
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Figure 2: Spatial Distribution of Gully Erosion sites in Chikun LGA.

Source: Author’s work, (2019)

The topological variation shows a wide span

of slopes around Kakau (3.05km2),

WuyaDuku (2.51km2), Rumana (0.04km2)

and Panhaunya (0.04km2). These slopes

were partly natural and influenced more by

human activities. Increased human activities

without immediate mitigation or regulation

will continue to degrade these communities

along major gully fault lines. From the field

observation, all the gully sites were along

natural drainage channels in the study area.

A gully is connected to a stream or

waterway when its mouth gets to the stream

network and disconnected if the sediments

are deposited away from the stream network

(Whitford, Newham, Vigiak, Melland and

Roberts, 2010) and accordingly, when the

width of the gully is greater than 5m, it is

classified as a major gully and less than 5m

it is a minor gully. Consequently, all the

mapped gullies are major according to this

classification system.

SLEMSA was used in estimating the

average amount of soil loss in the study area

because the conditions of the study area

meet the major factors affecting erosion

(Foster and Meyer, 1977), and the
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determination of appropriate values for the

different factors needed were computed.

The average amount of soil loss Z was

estimated from the soil erodibility index (K),

dimensionless combined slope length and

steepness (topographic factor) which is the

ratio of soil loss from a plot of length (L)

and slope percentage (S), to that lost from

the standard plot (X) and crop management

factor which is the ratio of soil loss from a

cropped plot to that lost from the bare fallow

(C).

The soil erodibility index (K) was estimated

based on the annual rainfall energy,

permeability, organic matter content, soil

textural classes, soil surface and sub-surface

conditions that affects the soil’s inherent

sensitivity to erosion including the clay,

sandand silts percentages. The (K) factor

map integrating the organic matter content

(OM), texture class (M), structure class (S)

and permeability (P) is presented in figure 6

while the map of each of the soil parameter

was generated from the results of the

laboratory test in ArcGIS environment by

Inverse Distance Weighting (IDW)

interpolation technique and the results are

presented in figures 3, 4, 5 and 6

respectively.

The rainfall kinetic energy (E) was

estimated based on the annual rainfall data

from different metrological stations

bordering on the study area. The kinetic

energy is expressed in terms of rainfall

intensity equation developed by Elwell and

Stocking (1973) and is as shown in figure 8.

The value of the K factor was determined by

relating mean annual soil loss to mean

annual rainfall energy (E) using the

exponential relationships (Morgan, 1995).

The soil erodibility index is shown in figure

7.
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Figure 3: Soil Organic Matter Content (OM)

Source: Author’s work, (2019).

From figure 3, the area of low organic

matter content (0.4-0.59%) comprises of

Rido, GidanAngo, Takau and Rumana;

GidanJato and WuyaDuku areas had organic

matter content of about (0.6-0.65%), Kabala

and Chikun had about (0.66-0.71%) and

Panhauya had about (0.71-0.78%). A decline

in organic matter is caused by the reduced

presence of decaying organisms or an

increased rate of decay as a result of changes

in natural or anthropogenic factors. Organic

matter is regarded as a vital component of a

healthy soil, its decline result in soil

degradation (S.A.S.C, 2009). Rido,

GidanAngo, Kakau and Rumana, GidanJato

and WuyaDuku where erosion were higher

had lower organic matter content. This

confirms the findings of Ezechukwu and

Madubuike (2015).

The organic matter content analysis of soils

in Chikun was a major parameter in

assessing the quality of soil. It is formed by

the breakdown of plant and

animal matter and constitutes a complicated

mixture of many different compounds.

Therefore there is no analytical test which
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can provide an absolute measure of organic

matter.

In addition to providing nutrients and

habitat to organisms living in

the soil, organic matter also

binds soil particles into aggregates and

improves the water holding capacity of soil.

Kajuru soil contains about 2-10

percent organic matter. However, the effect

of erosion is gradually depleting the organic

strength of the soil. Overtime this

continuous erosion depletes the soil organic

matter completely. Soils within Kakau, Rido

and Chikun are within lowlands, composite

and higher water retention.

Arability and drop in farm produce output.

The longterm implication is occupational

drift considering majority of inhabitants in

kajuru are farmers. Malnutrition and stunted

growth are possible outcomes.

Figure 4: Soil Textural Class

Source: Author’s work, (2019)
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Soil texture refers to the weight proportion

(relative proportion by weight percentage of

sand, silt and clay) of the mineral soil

separates for particles. From figure 4, Gidan

Jatau has the highest textural product (1406-

1576), Panhauya, Chikun and Kakau had

(1047-1164), Rido had (1047-1164) and

WuyaDuku, GidanAngo and Kabala had

(896-1046). GidanJatau had high proportion

of clay and sand textural product; however,

WuyaDuku, GidanAngo and Kabala had low

clay and silt content with high sand content.

Soil that contains high clay tends to be

easily dispersive than soil that contains low

amount of silt. This is in agreement with the

findings of Ezechukwu and Madubuike

(2015).

Particle size mapping of Chikun shows the

soil breaks into texture classes – sand (35%),

silt (35%) or clay (30%), this textural

product is spread across different topo levels

in Chikun. This Soil texture over time has

influenced nutrient retention, water storage,

drainage and reduced erodability. The soil

textural triangle is used to determine soil

type based on sand, silt and clay

percentages.

Figure 5: Soil Structural Class (S)
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Source: Author’s work, (2019)

The soil structural class index generated shows an interval of >10-20mm around Kakau, badna,

Panhaunya and GidanAngo with coarse, medium pod size that are columnar, bulky and platy.

This shows that primary erosion triggers within these communities were man-made activities

ranging from excavation to blasts and other soil mining practices.

From figure 5, Shakyna, Chikun and Panhaunya had the highest soil structural class (26,322-

29,210); this can be attributed to high clay content present in the area. KajuruShalon had

(20,326-22,119) and Rumana, Kabala Badna (18,049-20,325). Poor soil structure increases the

risk of surface runoff and erosion. This is in line with the findings of Ezechukwu and Madubuike

(2015).

From the field observation there was increased thinning of soil compactness resulting from

detachment and transportation of soil particles by erosion agents. The kinetic energy of raindrop

is the energy available for detachment and transport by splashing rain. The soil particle

detachment is highest around GidanJato and WuyaDuku communities as evident in figure 5.
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Figure 6: Soil Permeability

Source: Author’s work, (2019)

Soil properties that influence rainfall

induced erosion are those that affect:

Infiltration rate, movement of water through

the soil, and water storage capacity;

dispersion, detachability, abrasion, and

mobility by rainfall and runoff. .Soil

permeability is the property of soil to

transmit water and air; it is a measure

indicating the capacity of soil to allow fluids

to pass through it. Soil with high

permeability rates reduce runoff by allowing

more water to infiltrate. They are therefore,

less susceptible to erosion from rainfall and

surface run-off. From figure 6, Chikun,

GidanAngo, Kakau, Kabala, Panhanuya,

Rido, Badna had the highest permeability

rate (0.476-0.484), GidanJatau, WuyaDuku

had (0.470-0.476), Shakyna had (0.470-

0.476) and Rumana had (0.456-0.463). This

agrees with the findings of Ezechukwu and

Madubuike (2015).

The permeability effect for Chikun as seen

in figures 6 is consistent with soils around

Chikun station and Badna most permeable
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and erodible when considering the K-value

for soil fineness with higher concentrations

around these locations. This implies that

human activity such as construction, farming

and other engagements will require more to

secure the soil from disaggregating and

dispatching into ungrabbable bits

Figure 7: Soil Erodibility (K)

Source: Author’s work, (2019)

Soil erodibility is an estimate of the ability

of soils to resist erosion based on the

physical characteristics of each soil. From

figure 7, GidanJato was highly susceptible to

erosion (3,013-2,475), Rido, Kakau, Chikun,

Shakyna, WuyaDuku and Kabala had

(2,038-1,688) and Badna had (1,687-1,384).

Generally, soils with faster infiltration rate,

higher levels of organic matter and

improved soil structure have a greater

resistance to erosion. This conforms to the

findings of Ezechukwu and Madubuike

(2015).

The erodibility of a soil in Chikun is highest

in Gidanjato and Wuyaduhu, this is a

consequence of the impact of raindrops on

the soil surface, and the shearing action of

runoff between clods in grooves increased



Confluence Journal of Environmental Studies Vol 13 (Issue 2), 2020
www.confluencejournal.com.ng
ISSN 15975827

20

detachment and displacement of high matrix soil composite.

Figure 8: Rainfall Kinetic Energy

Source: Author’s work, (2019)

Kinetic energy is an indicator of the potential ability of rain to detach soil. From figure 8,

Panhanya had the highest kinetic energy of rainfall (16,856- 20,376), Rumana, Shakyna, Chikun,

Kajuru Station, Kakau, Kabala and Rido had the next kinetic energy of rainfall (13,200-16,857),

GidanAngo and WuyaDuku had (10,104-13,199) and GidanJato had (5,810-10,103). This agrees

with the work of Ezechukwu and Madubuike (2015).
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Figure 9: Soil Erodibility Index K

Source: Author’s work, (2019)

Soil erodibility index evaluates soil

vulnerability to erosion. Soil erodibility

index is a quantitative expression of the

inherent susceptibility of a particular soil to

erode at different rate when the other factors

that affect soil erosion are standardized.

From figure 9, considering the K-value table

which is the permeability coefficient index

for determining extent of permeability, the

value spread of 0.002-0.0028 indicates high

concentration of coarse gravel around

GidanJato, Panhaunya, GidanAngo, Kakau,

Rido. The K-value of 0.000-0.00032

indicates high concentration of fine sand and

loose silt around Kajuru station and Badna.

By implication, permeability and erodibility

are highest within these zones and the need

to initiate mitigation strategies from these

points.

The land cover for the study area was

classified into five classes and was used in

the estimation of Cover management and

support practice factors. Table 3 shows the

classes of land cover for the study area and

the area coverage. The C factor which is the

ratio of soil loss from land under certain

type of cover to the corresponding land with
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no cover (Wishmeier and Smith, 1978).

Land use classification is often used to map

vegetation types that differ in their

effectiveness to protect the soil. Soil erosion

has a strong correlation with land cover and

land use or in vegetation cover percentage

affects the amount of soil loss

(Alkharabsheh et al., 2013). The effect of

land use change on soil erosion depends

very much on the type of changes that

happened to the land use. If land use change

increases, vegetation cover decreases while

agricultural activities and sedimentation

caused by soil loss will also decrease (Boix-

fayos, Vente and Barber, 2008).

Table 3: Land Classification of Chikun LGA (2018)

L a n d  c o v e r A r e a  i n  H e c t a r e s A r e a  i n %

W a t e r  b o d y 4 6 0 0 . 8

B u i l t - u p  a r e a s 4 8 6 1 8 . 7

B a r e  s u r f a c e 4 3 3 6 7 . 8

A g r i c u l t u r a l  l a n d 2 9 5 5 9 5 2 . 9

V e g e t a t i o n 1 6 6 6 4 2 9 . 8

T o t a l 5 5 8 8 0 1 0 0 . 0

Source: Author’s work, (2019)

The total areas covered by the different land uses in the study area were derived from the GIS

analysis. Table 3 shows that urban built-up area (which comprises of infrastructure, commercial

and industrial), constituted about 7.8% of the area under study, vegetation covered about 29.8%

of the area, agricultural land covered about 52.9%. The river (including other water bodies)

constituted a very insignificant proportion of the area, 0.8% of the total area under study.
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Table 4: C factor Ranges defined for each Land Cover

L a n d  C o v e r C  F a c t o r

W a t e r  b o d y 0

B u i l t - u p  a r e a s 0 . 5 8

B a r e  s u r f a c e 0 . 0 3 8

A g r i c u l t u r a l  l a n d 0 . 0 0 8

V e g e t a t i o n 0 . 0 0 6

Source: Adapted from Donald, 1997.

The C (area covered) factor ranges

according to Donald (1997) is as shown in

table 4 and this was used for the purpose of

this research. According to Renard and

Foster (1983), soil which is covered by crop

plants, cover crops, mulches or residues

would be protected from wind and water

erosion. Thus, infiltration of water and

organic matter would be enhanced.

Minimum tillage, cover cropping, managed

grazing, contour cropping, strip cropping,

crop rotation, control structures and

diversions are some of the practices that

maintain soil cover and protect soils from

water erosion. These practices principally

affect erosion by modifying the flow pattern,

grade or direction of surface run off and by

reducing the amount and rate of run off.

According to Wischmeier and Smith (1965),

effective slope length is defined as the

distance from the point of origin of overland

flow to the point where either the slope

decreases enough that deposition begins; or

run off water enters a well-defined channel.

The slope length and slope steepness sub

factors were calculated from the filled DEM

for the study. These factors were

subsequently substituted into the

topographic ratio equation to produce the

SLEMSA topographic factor (X).

The annual average soil loss (Z) provides an

estimate of the long term average annual soil

loss from a land. It is given in ton/ha/yr. The

average amount of soil loss in Chikun LGA

was estimated from the SLEMSA model and

values ranging between 1.3 tons/ha/yr to

46.7 tons/ar/yr were obtained. The areas

with high soil loss values are attributed to

the combined effects of the various factors

affecting erosion in the study area. In some

areas, a single factor may have an

overwhelming effect than others leading to
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large differences in the estimated soil loss in

the study area. For instance, the highest soil

loss estimated at Kajuru station area is

mainly due to its highest X value (i.e. the

topographic factor) which is a function of

slope steepness and slope length. This is

again mainly associated with its higher mean

annual rainfall (ranging from 896mm-

1086mm). The high soil loss recorded for

Badna was mainly due to the high value of

K which is a function of soil erodibility and

rainfall kinetic energy. The effect of crop

cover factor was found to be less important

but ideally when an area is deforested

leaving the land exposed and bare, C value

became high posing huge erosion risk. This

factor was considered to be less among

others in contributing to the variation of soil

loss values in the study area. This is in

conformity with Gobina (2003).

In an attempt to determine which factor

influences gully erosion most in the study

area, Analytical Hierarchical Process (AHP)

test was carried out on the criterion

preferences. It was evaluated based on four

preference factors thought to influence

weightings. The preferences given to the

factors are: slope, rainfall, soils and land

cover; a separate hierarchical pair wise

comparison of main criterion factors were

made for each preference to analyze the

sensitivity of the weights obtained. The pair

wise comparisons of criteria factors were

carried out independently and given same

judgments for all the preferences. To reflect

the preferences toward a certain factor, a

definite to very strong preferences was given

to that factor in their pair wise comparisons.

The next stage in the analysis was that the

consistency must be checked to verify the

reliability of the judgment of the decision

making. If CR ≤0.10, then the ratio indicates

a reasonable level of consistency in the pair-

wise comparisons (Malczewski, 1999).

Slope steepness was one of the criteria for

the estimation of erosive potential. Run off

and erosion potential will increase as the

slope steepness increases. Five classes were

identified from the slope as contained in the

database and the slope for the study area was

weighed as shown in table 5, where 0 - 0.8%

slope represents slopes with the lowest run

off potential and 11.5 - 25.5% represents

slopes with the highest run off.
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Table 5: Weights of slope

S l o p e % 0 - 0 . 8 0 .9-1 .6 1 . 7 - 4 . 2 4 . 3 - 1 1 . 6 1 1 . 7 - 2 5 . 5 W eigh t %

0 - 0 . 8 1 1 / 3 1 / 5 1 / 7 1 / 9 3

0 . 9 - 1 . 6 3 1 1 / 3 1 / 5 1 / 7 6

1 . 7 - 4 . 2 5 3 1 1 / 3 1 / 5 1 3

4 .3 -11 .6 7 5 3 1 1 / 3 2 6

11.7-25.5 9 7 5 3 1 5 1

Consistency Ratio = 0.03

Source: Author’s Analysis (2019)

It is well established that the amount of soil loss that is detached by a particular rain event is

related to the intensity at which this rain falls. Smaller drops that dominate low intensity rainfall

are less efficient in detaching soil (Salles and Poesen and Govers, 2000) but at high intensity

rainfall may increase the efficiency of detachment. The result of the pairwise comparison in

Table 6 shows that increase in rainfall results to an increase in soil erosion in the study area.

Table 6: Weights of Rainfall

Rainfall (mm) 308-536 537-701 702-895 896-1,082 1083-1257 Weight %

3 0 8 - 5 3 6 1 1 / 3 1 / 5 1 / 7 1 / 9 3

5 3 7 - 7 0 1 3 1 1 / 3 1 / 5 1 / 7 6

7 0 2 - 8 9 5 5 3 1 1 / 3 1 / 5 1 3

8 9 6 - 1 , 0 8 2 7 5 3 1 1 / 3 2 6

1 , 0 8 3 - 1 , 2 5 7 9 7 5 3 1 5 1

Consistency ratio = 0.05

Source: Author’s Analysis: (2019)

Soil texture was taken as one of the factors for multi-criteria analysis. Thus, the soil was weighed

based on the textural class as shown in table 7. Soil texture is important in determining aggregate

stability, infiltration rate, run off and erosion (Le Bissonnais and Singer, 1993). According to

Bradford and Huang (1992), soil texture seems to be one of the most important soil variables

influencing soil surface sealing and splash detachment. Although, crusts can form on soils of ant
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texture, soils with high silt contents are more conducive to surface sealing. Le Bissonnais (1996)

also indicated that soil erodibility increases when silt and fine sand fraction increases and clay

decreases. Table 7 shows that sandy soil has high infiltration rate and clay is low in the study

area.

Table 7: Weights of Soil Texture

S o i l S a n d L o a m y C l a y W e i g h t %

S a n d 1 3 6 6 4

L o a m y 1 / 3 1 4 3 7

C l a y 1 / 6 ¼ 1 9

Consistency Ratio = 0.06

Source: Author’s work, (2019)

A land with good surface cover is characterized by low run off while the land with poor surface

cover is characterized by high run off and quick response to rainfall because of low surface

roughness. Thus, spatial data on surface cover type is used to assess the resistance of terrain to

erosion as a result of surface protection. The five LULC categories which are generated using

supervised classification method were weighed as shown in Table 8 where water body represents

lowest erosion potential and bare surface represents the highest.

Table 8: Weights of Land Cover

L U L C Bare surface Crop land Vegetation Built-up W a t e r

Body

Weight %

Bare surface 1 2 3 5 9 4 1

C r o p  l a n d ½ 1 3 5 9 3 1

Vegeta t ion 1 / 3 1 / 3 1 3 9 1 7

B u i l t - u p 1 / 5 1 / 5 1 / 3 1 9 9

Water body 1 / 9 1 / 9 1 / 9 1 / 9 1 2

Consistency Ratio = 0.08

Source: Author’s work, (2019)
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The factors contributing to gully erosion in the study area were further assessed to determine the

factor that most contributes to erosion process; the analytical hierarchical process was carried out

using a pairwise comparison. Table 9 shows weightages of the factor controlling gully erosion in

the study area.

Table 9: Weight of Factors Controlling Gully Erosion in Chikun LGA

S l o p e R a i n f a l l Land cover S o i l W e i g h t %

S l o p e 1 3 5 7 5 6

R a i n f a l l 1 / 3 1 3 5 2 6

Land cover 1 / 5 1 / 3 1 3 1 2

S o i l 1 / 7 1 / 5 1 / 3 1 6

Consistency Ratio = 0.08

Source: Author’s work, (2019)

Based on the result from the four components (slope, rainfall, soil and land cover); slope (56%)

recorded the highest contribution to soil erosion. Next to slope was rainfall (26%) while soil and

land cover scored 12% and 6% respectively to gully erosion in the study area.

CONCLUSION AND

RECOMMENDATIONS

Steep slope, high rainfall, poor soil

management, poor cover management and

support practices, deforestation and land

clearing in Chikun LGA for agricultural,

urbanization and infrastructural development

have resulted in widespread soil erosion

over the land surface. The extent of soil

erosion occurring in the area is still

increasing and is now a major cause for

concern. The SLEMSA model was

combined with RS and GIS techniques to

analyze the annual average soil loss rates

caused by the various factors which

influence soil erosion, rainfall, soil

erodibility, topographical factors and the

cover within the study and to evaluate the

spatial distribution of soil erosion. From the

results of the study, it is seen that gullies

were spatially distributed in the study area,

all mapped gullies are major gullies;
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combination of slope, rainfall, soil type, lack

of cover for the surface soil were the major

causes of soil loss in the study area. From

the result, it can be concluded that a single

factor may have an overwhelming effect

than others leading to large differences in

the estimated soil loss among the research

sites.

Based on the findings of this research, the

following recommendations are proffered:A

geo-database on the erosion status in the

state should be generated using RS and GIS

to effectively plan mitigation measures by

the State Ministry of Lands and Survey;

accurate prediction of certain SLEMSA

input factors can be complemented by

Kaduna State Ministry of Agriculture by

accumulating more accurate input data. For

example, the value C was estimated based

on land uses. More accurate methods can be

developed to arrive at more precise values

for these factors; aggressive erosion control

measures should be embarked upon by the

State Ministry of Environment in areas

affected and extensive afforestation policy

should be urgently undertaken in critical

areas by the State Government.
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