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Abstract: Human interference through various activities such as road construction, mineral exploration, lumbering,
excavation and rural-urban migration has placed a high demand on the availability of land for agriculture and exposed
croplands to extensive degradation and erosion. This study therefore aims at determining the cover-crop management factor
(C) for selected sites in Imo State representing different soil groups by the use of remote sensing (RS) and geographical
information system (GIS) tools. Satellite Images of the study area were analyzed using ArcGIS 10.1 software on a raster
distribution array to generate maps for normalized differential vegetative index (NDVI), Land use land cover (LULC) and
crop-cover management factor (C). From the maps generated for NDVI values for the sites were between -0.1035-0.386 and
the C-factor values were between 0.33-1.34, thus placing the study area within a region of medium vegetative cover. The
location with the lowest NDVI was Okigwe while the highest NDVI value was observed in Ohaji. Though the area lies within
the tropical rainforest zone, the vegetation is unevenly distributed thereby creating an enabling environment for soil
detachment and sediment transport through runoff from heavy downpours resulting from absence of soil surface resistance.
The C-factor values obtained therefore encourages tree planting exercises, forest regeneration activities, shrub development
and balanced vegetation maintenance so as to create limited soil surface to encourage soil erodibility and runoff so as to allow
agricultural activities which will guarantee food security and sustainable environmental management.
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1. Introduction
Soil erosion is considered to be a major environmental
problem that threatens natural resources, agriculture and the
environment [1]. Soils which are non-renewable on the other
hand require approximately 500 years to replenish 25
millimeters (1 inch) of top soil lost to soil erosion [2].
According to [3], the productivity of soils has declined by
50% due to erosion and desertification. Soils are the richest
supplies of minerals, organic matter, moisture, air and
microbes that support plant growth and enhance agricultural

productivity through expected outputs and yields. In Africa,
it is estimated that the decrease in the productivity of soils
due to erosion is 2-4% with an average of 8% for the
continent [6]. Recently, about 80% of the world’s agricultural
land suffers from moderate to severe erosion [24]. Each year
about 10 million hectares of cropland are lost due to soil
erosion, thus reducing the cropland available for food
production; on the overall soil is being lost from lands 10-40
times faster than the rate of renewal thus imperiling future
food security and environmental quality [18]. Apart from
erosion which is the major cause of soil loss and degradation,
about 44% of global soil losses are directed towards poor soil
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management process, overgrazing, desertification and
deforestation related activities. The main factors affecting the
rates of soil erosion by water are precipitation, soil type,
topography, land use and land management [16]; according
to [7]; [8]; the potential for erosion is based on soil type,
slope and energy or force of precipitation expected during the
period of surface disturbance. Considering all the factors
contributing to erosive activities the major factor affected by
man is vegetation, and this is affected greatly by human
interference through exploration, mining, construction and
other land use activities. Consequent upon environmental and
soil distortion by human activities best agricultural
management and conservation practices are required to
minimize soil loss due to erosion. According to [26],
agronomic practices combined with good soil management
practices provide better influence on detachment and
transportation of soil particles in the process of soil erosion.
In order to conserve existing soil against further degradation
and loss due to erosion, it is expedient to estimate soil loss
and predict soil erosion risks based on existing
catchment/environmental conditions so that conservation
strategies are enacted to mitigate and reduce further soil loss.
Estimation of soil loss are achieved through the use of
erosion prediction models which help address long range
land management and planning under natural and agricultural
conditions. Over the years many erosion prediction models
have been developed to estimate soil loss which include;
Water Erosion Prediction Project (WEPP), [22], Kinematic
Runoff and Erosion (KINEROS), [31], Groundwater Loading
Effects of Agricultural Management Systems (GLEAMS)
[11], Universal Soil Loss Equation (USLE) [30], Revised
Universal Soil Loss Equation (RUSLE) [23] and so many
other models. Conventionally, the RUSLE is a widely
accepted model which works both for the temperate and
tropical zones of the world. The RUSLE is an empirically
based model founded on the USLE, but is more diverse and
includes databases unavailable when the USLE was
developed, [19] [22]. The RUSLE computes average annual
erosion by multiplying several factors together which are
rainfall erosivity (R), soil erodibility (K), slope length and
steepness (LS) cover management (C) and support practice
(P). One of the most important parameters in USLE and
RUSLE is the cover management factor (C) that represents
effects of vegetation and other land covers [21]. According to
[30], the C-factor is the ratio of soil loss from certain kinds of
land surface cover conditions. The crop cover management
factor (C), presents the effects of plants, vegetation and soil
cover on soil loss within a catchment [17]. The main
objective of this study is to make use of geographical
Information system (GIS) and remote sensing (RS) technique
through the use of ArcGIS 10.1 software to analyze satellite
imagery of Imo State to generate the normalized differential
vegetation index (NDVI) and land use land cover (LULC)
maps to obtain the crop cover management factor (C) for
selected sites in Imo State. The selected sites in Imo State
include Ehime Mbano, Ideato North, Ikeduru, Oguta, Ohaji,
Okigwe, Orlu and Owerri West Local Government Areas
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respectively and they represent different soil groups with
different variations in soil composition.

2. Materials and Method
2.1. Position and Geological Description of Study Area
Imo State lies within latitude 4°45’’N and 7°15’’N and
longitude 6°50”E and 7°15”E and covers an area of about
5100km2. The climate of the state is considered humid with
mean annual temperature of 20°C, relative humidity of 75%
and mean rainfall range of between 1800-2500mm [14] [15].
The rainfall pattern experienced in the area is oscillatory,
bimodal and usually has two peaks within the year which is
around June, July and September; also in addition the area
falls within the tropical rainforest region, thus resulting in
luxuriant grass lands, rich vegetation and hard-wood trees
draped with under-brushes and creeping stems/undergrowths
[13] [25]. The soil within the area is predominantly sandy
with little percentages of clay, shale, silt and loam; the soil
profile is remarkably uniform with varied percentages of
nitrogen and carbon [12]. There are two different formations
underlying the Imo basin area, about 80% consists of coastal
plain sand which is composed of non-indurated sediments
represented by the Benin and Ogwashi-Asaba formations,
with alluvial deposits at the estuary of the southern end of the
river basin; the remaining 20% is underlain by series of
sedimentary rock units which are parallel to the regional dip
of the formations [9]. The state lies mainly on the Benin
formation of coastal plain sands which is made up of deep,
porous, infertile and highly leached soil; this predominantly
translates into having sandy soils as being predominant in
Imo State [15]. Furthermore, the formation of the study area
consists of sands (fine, medium, coarse grained and poorly
sorted), sandstones and gravels with intercalations of clay
and sandy-clay [5]. Figures 1 and 2 represent the maps of the
study area and geology.
2.2. Normalized Differential Vegetation Index (NDVI) and
Cover Management Factor (C) Determination
The NDVI is an indicator of the vigor and health of land
vegetation [20]; which measures the amount of green
vegetation; NDVI is an index of plant greenness or
photosynthetic activity. The presence of vegetation in a land
area or region also specifies the limited impact of raindrops
which initiate the initial processes of erosion which
ultimately degrades the quality of soil with time. The
indication for the existence of vegetation in an area cannot be
attained easily without the application of remote sensing
techniques which are used to monitor, map, and analyze the
conditions of an ecosystem in any part of the earth.
According to [17], vegetative cover is one of the most
important biophysical indicators of soil erosion, which allows
the delineation of the distribution of vegetation and soil
based on characteristic reflectance patterns of green
vegetation [1]. The expression for NDVI determination is
given below as;
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NDVI = [

−

+

]

(1)

Where NIR is the near infrared band value and RED is the
red band value, which reflects the fraction of absorbed
photosynthetic active radiation. The NDVI values obtained
for the various locations within the study area are used to
obtain the NDVI map which reflects the land cover
management. The values for NDVI ranges between -1.0 to
1.0, where higher values reflect green vegetation and lower
values represent common surfaces materials or water bodies.
The C-factor can be estimated by applying the relationship
used in [32] [10] as follows;
[
= exp(− ∗

]

−

(2)

Where C is the calculated crop-cover management factor;
NDVI is the normalized differential vegetation index, α and β
are two scaling factors. [28], suggests that by applying this
relationship, better results are obtained than using a linear
relationship, the values for the two scaling factors α and β are
2 and 1 respectively.
The Landsat image of the study area was obtained on
12/17/2016 from Landsat 8 bandwidth 3, 4 and 5 at 0.3%

cloud cover; then the image was inserted into ERDAS
Imaging 2014, ENVI 4.8 and Arc MAP 10.1 interchangeably
for geo-referencing, image enhancement and false color
composite analysis using ArcGIS 10.1 software to obtain the
defined maps of the study area. The application of this
procedure conforms to the near infrared (NIR), red (R) and
green (G) planes which accounts for proper specification and
attribute definition for the generation of the required maps to
represent the existing conditions of the study area. From the
thematic analysis carried out on the satellite images of the
study area and the above expressions translated into the raster
calculator of the ArcGIS 10.1 interface in cross reference
with the Arc Mapper tool the maps for land use land cover
(LULC), normalized differential vegetation index (NDVI),
and Cover management factor (C) were generated under
supervised classification.

3. Results and Discussion
The maps generated from the analysis carried out on the
Landsat image of the study area are shown in the figures 3, 4
and 5;

Figure 1. Map of the Study area.
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Figure 2. Geological map of Imo State [27].

Figure 3. Land Use Land Cover (LULC) map of the study area.
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Figure 4. Normalized Differential Vegetative Index (NDVI) map of the study area.

Figure 5. Cover Management Factor (C) Map of the Study Area.
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The maps presented a range of values for the NDVI and
the C-factor respectively. The NDVI map presented a range
of values falling between -0.1035-0.386, thus reflecting the
varied nature of vegetation within the study area. Areas
which reflected poor or absence of green activity had very
low to negative NDVI values whereas areas having green
activity had values above 0.1. The C-factor map in response
to the NDVI values also presented a range of values falling
between 0.33-1.34, where values approaching 0 are well
protected and those closest to 1 and above are either water
bodies or unprotected land surfaces. The table 1 shows the
NDVI and C-factor values extracted for the selected sites
within the study area

regeneration activities, tree-planting exercises and shrub
growth schemes be encouraged so as to ensure proper cover
for soil management.
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