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ABSTRACT: The study investigates the assessment of gully erosion expansion in Ikeduru LGA, Imo State, Nigeria (2017 to 2022).
The specific objectives of the study are to determine the demographic structure of the respondents from Ikeduru LGA; examine the
adverse socio-economic and environmental impacts of the gully erosion on the various land uses in the study area between 2017-
2022; analyze the geotechnical indices for the soil samples in the study area; measure the rate of gully expansion at the study area;
and examine indigenous approaches in mitigating gully expansion in the study area. A Tayo-Yamane sampling technique was used
to select one hundred (100) respondents for the study. Descriptive statistics, t-tests, and correlation analysis were used to test the
five hypotheses. The study revealed the adverse socio-economic and environmental impacts gully erosion had on the indigenes of
Ikeduru LGA and also the geotechnical indices of the soil samples of the study area, its causes, and approaches to mitigate against
gully erosion, especially barrier, and a sound drainage system. The study thus concludes that our environment is a part of our social
and economic survival, and what happens within the environment in which we live can negatively impact our survival. More so, for
greater effectiveness, the solution to the impact of gully erosion is to treat it urgently. Among the recommendations is that there
should be a massive public awareness campaign on the problems and consequences of gully erosion and that environmental laws
and severe penalties for offenders be enacted. This will go a long way in making the inhabitants adhere to environmental best
practices, thereby mitigating the menace.
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INTRODUCTION

Over the years, there has been a tremendous increase in environmental problems, mainly in the human environment. Among these
multi-faceted ecological issues that plague the global community is gully erosion. A gully is the removal of the topsoil along drainage
channels by surface water runoff. Similarly, it describes the washing away soil particles from one geographical space to another by
a high water flow at the peak of a heavy downpour or after (Eni et al., 2020). According to Obiefuna and Jibrin (2012), Gully
initiation is the outcome of localized erosion by surface runoff and soil eluviation linked to intense rainfall episodes, and it is readily
observable in the field because of its striking morphological expression on the landscape. It is soil erosion comprising an open,
incised, and unstable channel, generally 30cm deep or more (Bongdap, 2020).

Gully erosion may occur in a variety of ways, with diverse methods, modes, and circumstances of development, some of which are
directly tied to the underlying geology and the severity of surface processes working on the surface geology and soil cover
(Abdulfatai et al., 2014). It may occur due to man's activity on the land surface, such as tin mining, construction, grazing,
deforestation, and farming. This may begin at a small area of land and will continue to move by slumping the sidewalls until it has
taken over a large portion. Gully erosion occurs most often in areas where the contributing effects of land use, climate change, and
slope interaction are prominent (Bongdap, 2020).

Gully erosion is a major environmental problem in Nigeria (Ogbonna and Hiroshi, 2014; Albert et al., 2006). It affects nearly every
part of the country but is more aggressive in the southeastern part, resulting in land degradation and destruction of lives and
properties. Some of the gully erosion sites reported in Nigeria include Abariba (Abia State), Efom Alaye (Ekiti State), Nsukka and
Ugwuaba area of Enugu state, and Agulu Nanka gully site of Anambra State (NEST, 1991). The continuous upsurge of gully erosion
in southeastern Nigeria has resulted in the most significant environmental hazard and disaster. Recent reports revealed about 2,800
active erosion sites in the South-East of Nigeria. This is problematic as the menace posed by gully erosion has undermined and
minimal agricultural productivity, sustainability, and management.
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On the other hand, the availability of farmlands for agricultural production and construction activities has significantly been reduced
by losses caused by the attendant issues of gully erosion. For instance, soil erosion has adversely affected food security and
agricultural productivity within southeastern Nigeria. This calls for an urgent need to control and manage soil erosion.

Recent reports have revealed the negative impact of gully erosion. Roads, drainage systems, and transportation infrastructure are
destroyed. Destruction of Other Infrastructure is one of them. In Anambra State, for example, the World Bank-funded Greater
Onitsha Water Scheme was completely destroyed by floods and gully erosion from the Nkpor-Onitsha areas. The destruction of
historical monuments and archaeological artifacts is, among other things, a source of socio-psychological distress and constant fear
of the unknown. The Federal Ministry of Agriculture estimates that erosions in Nigeria wash away over 40 million tons of soil
annually (Federal Republic of Nigeria, 2007). This devastating situation has attracted regional and national attention, as they impede
the movement of goods and persons from one region to another within the country, further leading to the loss of other valuable
infrastructure. Considering these scenarios, studies that address gully erosion will help with environmental sustainability, hence the
basis for this current study.

STATEMENT OF PROBLEM

The rainfall behavior in Nigeria's southern and eastern regions is generally heavy and aggressive. The eastern area, located north of
the equator in the humid tropics, has two different seasons: rainy season (April-October) and dry season (November-March). The
average annual temperature is between 26-27-C. In the south and central parts of the state, the rainy season lasts about 7 or 8 months,
but towards the far north, it reduces to about six months. The rains are of high intensity and of a bimodal pattern with two peaks in
July and September and 2-3 weeks of little or no rain (called August Break) in between (Essien and Essien, & NIMET 2012). The
dry season gives rise to the post-season characteristics of a maximum rainfall regime. The months with the heaviest rainfall are
usually June and July for the first rainfall maximum and September for the second maximum. The annual rainfall ranges from
2,000mm on the northern fringe to over 3,000mm along the coast (Essien and Essien, & NIMET 2012). The type of the rainy cycle
plays a considerable role in rainfall erosivity. Rainfall erosivity refers to the propensity for rain to produce erosion. It is also
determined by the physical properties of rainfall (Onwualu et al., 2006). Obi and Salako (1995) found that raindrop diameters in the
Guinea savannah ecological zone of West Africa ranged from 0.6 to 3.4 mm. The average drop size (D50) for 28 rainfall events
varied from 1.1 to 2.9 mm. According to experimental findings, intensity and energy are most likely associated with erosivity.

The factors that influence gully erosion could be natural or anthropogenic. One of the most important variables influencing gully
erosion is rainfall; gully erosion is caused by the amount, kind, and frequency of rainfall (Romkens, Helming, and Prasad, 2002).
Pathak, Wani, and Sudi (2005) asserted that rainfall is an important factor in gully erosion; intense rains coupled with soils prone to
sealing and crusting generate high runoff volume and concentrated flow. Rainfall erosivity is defined as the aggressiveness of rain
to induce erosion to soil (Lal’s, 2001). It is a major contributor to gully erosion (Romkens, Helming, and Prasad, 2002). The higher
the amount of rainfall, the higher the number of soil particles that are dissolved, displaced, and moved away, which causes gully
erosion (Chimelu, Okeke, Nwosu, Ibe, Ndukwu and Ugwuobi, 2013)

The formation and expansion of gullies have become one of the most critical environmental challenges plaguing many cities and
villages in South-South and Southeast Nigeria. New gully sites form during each rainy season as a result of torrential rainfall, the
region's underlying geology, severe soil erosion, and undulating topography, as well as the removal of vegetal cover due to
urbanization and other anthropogenic factors (Udoumoh et al.,2021). The massive soil loss caused by gully formation causes severe
ecological damage, soil fertility depletion, significant loss of soil structure, loss of life, reduced soil biodiversity, decreased
agricultural output, food insecurity, disruption of socioeconomic activity, causing untold hardship, as well as surface water pollution
in the catchment region (receiving water bodies). There are several such examples around the nation, and it is generally known how
socially significant it is when highways are disrupted. Individuals and communities are severely physically and psychologically
harmed when intervention initiatives fail. They further stated that as intervention measures fail and gully erosion expands,
communication and power lines are broken, churches and schools collapse, roads are washed off, water schemes are damaged, and
lines are lost. In southeastern Nigeria, for instance, due to landslides accompanying the flooding, houses were washed into the gullies
that sometimes developed with their inhabitants. Additionally, as families are uprooted and forced to flee as refugees, fields and
agricultural products are swept away. Social and economic lifestyles are disrupted Egboka (2007).

Gully erosion constitutes a major ecological problem in southeastern Nigeria and requires adequate scientific and technical
competence in its prevention and control. Over the years, the gully erosion at the Ikeduru local government area of Imo State, Nigeria,
has increased alarmingly, posing a serious environmental concern. A recent pre-survey shows that gully erosion sites have taken
over important areas like roads, farmland, residential areas, market areas, etc. Despite this situation, no data and remedies for solving
the problems seem to exist.

Recent studies show that gully erosion could result in biodiversity loss and inadequate provision of ecosystem services, affecting
human health and the environment. Similarly, there are reports that many lives have been lost as a result of the problem of gully
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erosion, Frank et al. (2021). Some either fell into these gullies and sustained various degrees of injury or died. Some instances have
also been reported where people are drowned in some of the gully sites, Frank et al. (2021). This entails that the issue of gully erosion
requires urgent attention to avert the consequent danger to the environment and humans (Frank et al. 2021).

Considering this menace, the current study aims to investigate the level of gully expansion at the Ikeduru local government area in
Imo State, Nigeria. This will provide data generated through field measurement and survey that will help to mitigate and control the
dangers posed by gully erosion in the area and other erosion sites.

RESEARCH QUESTIONS

1. What is the demographic structure of the respondents from Ikeduru LGA?
2. What are the adverse socio-economic and environmental impacts of gully erosion on the various land uses in the study area
between 2017 and 2022?

3. What are the geotechnical indices for the soil samples in the study area?
4. What is the rate of gully expansion in the area?
5. What are the indigenous approaches to mitigating gully expansion?
RESEARCH HYPOTHESIS
1. Ho: The demographic structure of respondents from Ikeduru LGA does not differ significantly.

2. Ho: The adverse socio-economic and environmental impacts of the gully erosion on the various land uses in the study area
between 2017-2022 do not differ significantly.

Ho: The geotechnical indices for the soil samples in the study area do not differ significantly.

Ho: The rate of gully expansion does not differ significantly among the sampling locations.

Ho: The indigenous approach in mitigating gully expansion does not differ significantly among the sampling locations.

ok w

SIGNIFICANCE OF THE STUDY

Gully erosion poses a serious threat to environmental sustainability and human life. Soil investigation is a prerequisite for any serious
environmental work as it is essential to study and understand the engineering characteristics of the underlying soil formation. This
will provide necessary information regarding the geology, soil and foundation conditions, drainage characteristics, soil type,
groundwater conditions, etc. The information obtained will help us determine whether the soils in the study area possess the
characteristics that make the area prone to gully erosion, and it will guide the design engineer in providing an effective erosion
control design.

Therefore, the results of this study will provide strategies to lessen and minimize the effects of gully erosion. The geotechnical
findings from this study will also serve as a policy-making tool for government agencies such as the Ministry of Environment,
Erosion and Ecological Management, and the National Emergency Management Agency. Other agencies that will benefit from the
study include non-governmental organizations (NGOs), NIMET, Research Institutes, and the Ministry of Agriculture and Forestry.
The study will also help to conserve biodiversity and preserve ecosystem services for a sustainable environment and human survival.

In Nigeria, the southern region has more severe landslides than the northern region, and Gully erosion is the leading source of
landslides in Southeast Nigeria (Boniface et al. 2019). Boniface et al. (2019) also reported that Landslides often occur due to the
widespread prevalence of huge, deep gullies in the southeast of Nigeria and the yearly effect of floods by precipitation. In the town
of Nanka in Nigeria's Anambra State, a significant landslide in 1988 forced more than 50 people to be evacuated. According to an
investigation, an over-consolidated, very plastic mudstone layer (P1=67) that likely contains significant amounts of montmorillonite
clay was the source of the landslides. The beginning of gullies is brought on by localized erosion by surface runoff associated with
high-intensity rainfall events. Typically, erosion is concentrated in regions where forest cover has been removed for agricultural
purposes, where vehicle traffic, foot activity (both human and animal), and traffic on roads and off-road areas have unevenly
compacted the surface soils.

Additionally, it occurs as soils and sediments rub up against man-made objects, particularly in poorly constructed road culverts and
gutters along the side of the road. Gullies can also form at the intersections of permeable sand springs and less permeability deposits
in sedimentary layers. Gullies spread via sapping, caving in, and sliding at the gully head and along the walls and sides. Stormwater
runoff also transports material downward from the gully's floor.

The elements that cause soil erosion and the development of gullies are erosivity and erodibility. Rainfall, a natural occurrence
unaffected and uncontrollable by humans, impacts erosivity, Obi and Salako (2017). Southeast Nigeria frequently experiences
significant rainfall intensities. According to Obi and Salako, rainfall events with intensities between 100 and 125mmh-1 are expected
to happen more than five times yearly. According to Hudson (1981), erosive storms have an intensity of 25 mm/h.
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In contrast, erodibility is influenced by soil characteristics, topography, and land management. Appropriate land management is
crucial in Southeast Nigeria, where the region's geotectonic, geology, and geohydrologic features render many regions prone to gully
erosion—an illustration. For instance, cuestas, fractures, and joints are frequent characteristics in Southeastern Nigeria's gully-
erosion-prone regions and have been recognized as important elements in developing gully erosion and landslides.

SOIL EROSION AND THEORIES OF SOIL CONSERVATION

The increased severity of resource degradation and related soil erosion issues in some parts of sub-Saharan Africa is one of the main
modern difficulties facing environmental scientists and policymakers. These issues become more obvious since the area loses around
six tons of soil to erosion each year (Steri-Younis, 1986). The rationale for soil preservation is human survival and environmental
sustainability. We cannot consider soil conservation just from an economic perspective due to the tenacious nature of the soil. Due
to its current and projected production, every parcel of land has a certain market value. However, the inherent worth of land is
considerably larger than its monetary value since it can provide human food and clothing for numerous generations. This cannot be
quantified in terms of money (Kohnke and Bertrand, 1959). The link between soil loss and land production is the most significant
land resource attribute (Mbagwu, 1986).

Different soil conservation methods (SCTs) have been utilized worldwide to prevent soil deterioration, particularly for erosion
control. These SCTs include reforestation, mulching, and various ways of soil management, although biological strategies seem to
be the most successful. (Keesstra et al., 2016; Carpenter-Boggs et al., 2003).

Biological techniques (BTs) are methods that absorb organic matter and nutrients, enhance soil structure, and employ live, dead, or
dormant organisms to lessen or minimize the "splash effect” (direct impact of rainfall on the ground), surface runoff, and erosion.
BTs were shown to be the most effective SCTs in a global investigation of the impact of SCTs on the reduction of water erosion and
surface runoff by Xiong et al. (2018).

Xiong et al. (2018) compared BTs with soil management methods (STs) and engineering techniques (ETs) and found that BTs were
more efficient in minimizing soil and water loss than ETs and STs (e.g., BTs had an efficiency of 88 percent for soil and 55 percent
for surface runoff).

In addition to preventing soil erosion, BTs like mulching, reforestation, buffer strips, grain for green, hedgerows, cover crops,
exclosures, and strip cropping also preserve, recreate, and sometimes even strengthen the functional relationships between soil,
vegetation, fungi, bacteria, and other living things. In other words, BTs provide exceptional synergy between living and nonliving
systems, enhancing the ecosystem.

According to the research by Xiong et al. (2018), the effectiveness of SCTs varies depending on terrain, climate, and land use,
whether biological, managerial, or engineering. As a result, such factors must be considered in prediction models of erosion, surface
runoff, productivity, soil usage, and conservation. This was shown by Chen et al. (2017), who assessed the effectiveness of various
terracing types for erosion control under various conditions of use and slopes and came to the following conclusions: (1) bench
terraces were the most effective; (2) terraces associated with trees and forests retained the greatest amount of soil and water; and (3)
the greatest decreases in erosion occurred on slopes of 11-15 degrees and 26-35 degrees.

According to Winpenny (1991), here are lists of the advantages of soil and water conservation,

. Eliminated losses in agricultural yields caused by soil erosion, loss of soil depth and fertility, or loss of land due to gully
erosion; substituted fertilizer savings to sustain yields on degraded soils.

. Value of improved livestock outputs from restored or improved pasture, better use of crop leftovers, or from fodder, trees,
or other sources of wood used for construction (timber, poles, fuelwood, feed, fruit, etc) (meat, milk, wool, dung)

A managed mixed regime's ecological advantages result in higher agricultural yields (increased soil organic matter, more soil
moisture retention, shading, etc.). To prevent the disastrous effects of soil and water deterioration, farmland erosion prevention is
essential in the state of Enugu.

SYSTEM THINKING AND THEORY OF LAND DEGRADATION

When handling intricate issues like soil erosion, system thinking is especially helpful. These issues cannot be resolved by a single
person any more than a complex system can be comprehended completely from a single viewpoint. Additionally, as complex
adaptive systems are always changing, system thinking is focused on adaptive management and social and organizational learning.

Environmental problems such as soil erosion exist as a system with subgroups and exist in isolation. It could be likened to a cancerous
cell that could become widespread and all-pervasive. The major causes of soil erosion could be human interference with climate
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factors (rainfall), poor geology, undulating topography, and soil nature (Okore et al.,2017). Thus, gully erosion can be addressed
holistically by incorporating various measures, including planting vegetative covers like trees and bamboo, digging catchment pits
for flood waters in compounds and public open spaces, providing adequate drainage channels for flood water control, environmental
education through public enlightenment program, maintaining a sound environmental system and good environmental planning.

The process of removing surface material from the earth's crust, mostly soil and rock debris, and then having that material moved
from the site of removal by natural forces like wind or water is known as soil erosion (Encyclopaedia Britannica, 2020; Brown and
Wolf, 1984). Gully erosion can further be defined as the erosion of the soil by flowing water in a well-defined channel, and it is
readily observable in the field because of its striking morphological expression on the landscape (Obiefuna & Jibrin, 2012). Itis a
serious form of land degradation, a major problem facing developing countries, and it is projected to become an even more severe
constraint (Bennett, 1930; USAID, 1979). In addition, gully erosion is defined as a decrease in the land's present or prospective uses
as well as a reduction or total loss of the soil's productive capacity for use now or in the future (Blaikie and Brookfield, 1987).
Maiangwa et al. (2007) emphasized that the causes of land degradation include soil erosion, flooding, deforestation, and agricultural
and industrial practices. A gully is any eroded channel deeper than 30cm, and some gullies can be many meters deep.

CAUSE AND EFFECT MODEL OF EROSION

A process (the cause) and another process or condition (the effect) are linked irreversibly by a cause-and-effect connection, in which
the first partially causes the second, and the second partially depends on the first (Bunge, 1960). This seems to be an extremely
obvious statement, but that is not always the case. Natural phenomena are complicated and intertwined, often overlapping and making
it difficult to establish a natural order.

Each area's vegetation, soil depth, gully features, and effects on agricultural fields were assessed, along with the reasons for gully
erosion. The findings indicate that gully erosion is influenced by a number of factors, including inadequate rangeland plant cover,
excessive grazing, human activity, intense and brief rainfall, inappropriate land use, unsuitable irrigation design, improper water
discharge in the channels, and soil characteristics. Gully erosion seriously impairs agricultural fields, resulting in decreased soil
quality and quantity, increased surface runoff, decreased soil water-holding capacity, a drop in groundwater levels, and decreased
agricultural output. It exacerbated poverty and social issues as well as the movement of people from rural to urban areas. According
to Jahantingh et al. (2011), it also seriously damaged building sites, including roads, bridges, and towns.

Fig.1 Process of Gully Development
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The figure above shows that rainfall is the major factor responsible for soil erosion. On a global scale, about eleven million hectares
of arable lands are annually lost through erosion processes, which are greatly encouraged by poor resource management. For instance,
around a quarter of a million tons of topsoil are washed from the deforested mountain slopes of Nepal alone each year (Meyers,
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1985). It is the human activity that causes natural erosion rates to increase many times over. Steep slopes are cultivated without
terracing, poorly developed irrigation projects, and livestock overgraze grassland.

Gullies develop when enough surface water concentrates in a flow line with inadequate ground cover, resulting in soil scouring until
a deeper channel is formed. The inadequate ground cover can be a small starting point: disturbed soil, a livestock or vehicle track,
or a stump. Once started, gullies can spread downslope and upslope (gully head erosion).

Severe gully erosion is usually caused by extreme rainfall from storms and cyclones. With the projected changing climate, summer
storms in the southwest are forecast to be more common and severe. When most pastures and crop stubbles are dry and ground cover
is reduced, the timing of these storms increases the risk of water erosion. In extreme conditions, not all gully erosion can be prevented.

NATURE, TYPES, AND DISTRIBUTION OF GULLY EROSION

South-eastern Nigeria's soil erosion may be divided into two main categories: anthropogenic (accelerated) and physical (geological
or natural) (Ofomata, 1988). The physical environment of a place makes it vulnerable to all sorts of erosion because of its type of
geology, soil, terrain, and climate. The worst and most frequent types of erosion are sheet erosion and gully erosion (Akamigbo,
1988). There are several other kinds of erosion.

Table 1: Nature & Types of Erosion

EROSION TYPE DESCRIPTION

Natural Erosion Erosion is seen as natural when the earth's surface is eroded by water, ice, or other
natural forces under unaltered, natural environmental circumstances such as climate,
vegetation, etc. This is a synonym for geologic erosion and has no bad outcome
(Akamigbo 1986 and 1998). Chude (2005) asserts that natural erosion is a constant
occurrence and an integral aspect of how the landscape is naturally formed. Agriculture
does not experience this erosion since some soil is generated in the same location as the
dirt is withdrawn. Under the natural climatic circumstances of climate, vegetation, and
other factors unaltered by man, the earth's surface is being worn away by water, ice, or
other natural processes. Geologic erosion is the same as this and doesn't have a bad
outcome (Akamigbo 1986 and 1998). Natural erosion occurs continuously and is an
integral element of the natural process that shapes the landscape, according to Chude
(2005). As some soil is being created in a place where dirt has been lost, this sort of
erosion does not pose issues in agriculture.

Normal Erosion This is the slow erosion of human-used land that does not significantly outpace natural
erosion. Our goal while farming is to save and manage soil well so that the amount of
erosion on the farmland doesn't increase over average. Here, there is hardly any loss
(Akamigbo, 1998).

Accelerated Erosion | This erosion is occurring far faster than typical natural geological erosion. This is mostly
due to the impact of human activity, or in certain circumstances, animal activity and
other causes (Akamigbo ibid and ibid). The amount of soil lost and the pace of soil loss
are far larger in artificial erosion than in natural erosion. It is called anthropogenic since
it is brought on by human actions like clearing forests, burning brush, leveling slopes,
gathering stones and sand, etc (Chude, 2005).

Splash Erosion This is the procedure through which raindrops separate soil particles. This happens
when raindrops strike a damp, bare soil surface devoid of vegetation. Extremely heavy
rain on some soils can cause a soil particle to leap or rise 2 feet above the ground and
travel up to 5 feet horizontally. A strong downpour can splash up as much as 224t/ha.
The presence of soil particles on the underside of green vegetables proves that splash
erosion occurs even on cropland. Raindrop size and soil structure type both have a direct
impact on splash erosion. The disfigured particles are eliminated by sheet erosion and
surface runoff. This is the procedure through which raindrops separate soil particles.
This happens when raindrops strike a damp, bare soil surface devoid of vegetation.
Extremely heavy rain on some soils can cause a soil particle to leap or rise 2 feet above
the ground and travel up to 5 feet horizontally. A strong downpour can splash up as
much as 224t/ha. The presence of soil particles on the underside of green vegetables
proves that splash erosion occurs even on cropland. Raindrop size and soil structure type
both have a direct impact on splash erosion. The disfigured particles are eliminated by
sheet erosion and surface runoff. This is the procedure through which raindrops separate
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soil particles. This happens when raindrops strike a damp, bare soil surface devoid of
vegetation. Extremely heavy rain on some soils can cause a soil particle to leap or rise
2 feet above the ground and travel up to 5 feet horizontally. A strong downpour can
splash up as much as 224t/ha. The presence of soil particles on the underside of green
vegetables proves that splash erosion occurs even on cropland. Raindrop size and soil
structure type both have a direct impact on splash erosion. The disfigured particles are
eliminated by sheet erosion and surface runoff (Akamigbo, 1998).

Sheet Erosion

This is the process through which runoff water and other factors remove a reasonably
homogeneous layer of soil off the ground's surface. Our agricultural areas are more at
risk from this form of erosion because it removes the humus topsoil. Due to its regular,
continuous, and slow effect, it frequently passes unnoticed. Because it is difficult for the
farmer to see, it turns the land barren and has devastating 26 effects. It can ultimately
lead to the topsoil's arable portions being completely removed. The topsoil is eventually
stripped of its finer components and plant nutrients due to this sheet erosion process,
leaving only coarse, barren materials behind (Akamigbo 1986, 1998, and
ChudeAccording to UNEP (2008), sheet erosion is a phenomenon in which a significant
amount of surface soil is lost by almost blank sheet flows of surface or near-surface
water. Nationwide, sheet erosion occurs but is rarely seen because of its "deceitful
gradual growth. Rainfall flows down slopes and gradually eliminates the top soil layers,
disastrously impacting agriculture.

Rill Erosion

This erosion process results in innumerable tiny channels are only a few centimeters
deep. Following a rain storm, it mostly happens in recently farmed lands. Rill erosion
happens when water from tiny streams that flow across terrain with poor surface
drainage removes soil. Rills are frequently observed between rows of crops. Even
though tillage may quickly eliminate its effects, this area is the most frequently
disregarded, and if it is not filled in, it might lead to gully erosion. Farmers can manage
it with ease (1998, Akamigho)

Gully Erosion

This erosion occurs when water collects in small fissures, rills, or channels. Over a short
period, the soil is removed from the channel to significant depths, ranging from 30 to
60 centimeters to 23 to 30 meters or more. Gully erosion, in contrast to sheet erosion, is
more noticeable since it leaves an impressive trace on the earth's surface. The visible
manifestation of the land's physical decline. 27 Gully growth can occur both uphill and
downhill. A little rill can become a massive gully overnight after a severe downpour.
Gully erosion is another name for rapid soil erosion, and once it has started, it may be
very difficult and expensive to halt. It is very bad in Abia, Imo, Anambra, Enugu, Ondo,
Edo, Ebonyi, Kogi, Adamawa, Delta, Jigawa, and Gombe. Anambra and Enugu States
alone in the southeast feature approximately 500 active gully complexes, some of which
are over 100 meters long, 20 meters broad, and 15 meters deep (UNEP, 2008).

Streambank Erosion

Erosion along the river banks happens during and between rainfall, unlike sheet, rill,
and gully erosion, which only happens during or after. As alluvial soils, typically the
most productive, are degraded by stream bank erosion, the impact on nearby arable land
is dramatic (Akamigbo, 1998).

Wind Erosion

This is the result of the wind moving soil particles. The particles may be as small as
sand, which can be displaced by drifting on or near the ground. In the West African dry
tropical Zone, where annual precipitation is less than 600 mm, the dry season lasts more
than six months, and steppe-type vegetation leaves significant swaths of land exposed,
wind erosion is a significant problem. When huge volumes of surface matter are crushed
fine during the soil preparation, it might grow elsewhere. The dry season and the first
few months of the rainy season, when there is less vegetation on the ground, are when
wind erosion is most prevalent in the most impacted areas. This is the result of the wind
moving soil particles. The particles may be as small as sand, which can be displaced by
drifting on or near the ground. In the West African dry tropical Zone, where annual
precipitation is less than 600 mm, the dry season lasts more than six months, and steppe-
type vegetation leaves significant swaths of land exposed, wind erosion is a significant
problem. When huge volumes of surface matter are crushed fine during the soil
preparation, it might grow elsewhere. The dry season and the first few months of the
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rainy season, when there is less vegetation on the ground, are when wind erosion is most
prevalent in the most impacted parts of Nigeria (Rose, 1996).
Source: Compiled by Author

CAUSES OF GULLY EROSION

Before mitigating the effects of gully erosion, there is a need for a proper understanding of the causes. Identifying the cause of gully
erosion in a given area is a first step in control and mitigation measures. Without understanding the causes of the erosion, any control
measures taken may be a waste of time and money, which may even worsen the problem (Augustine et al., 2019). Gully erosion may
result from various mechanisms, modes, and circumstances, some directly tied to the geological structure and the severity of the
surface processes acting on the surface geology and soil cover. (Abdulfatai et al., 2014).

The causes of gully erosion concerning the geologic settings, as suggested by the earlier studies, are numerous. Some of the identified
natural causes include tectonism and uplift, climatic factors, and geotechnical properties of soil, among others. Anthropogenic causes
include farming, uncontrolled grazing practices, deforestation, and mining activities (Abdulfatai et al., 2014).

Studies on soil erosion in Nigeria concluded that forest clearing was the main driver of soil erosion. Similar ideas were shared by
subsequent researchers, including those who suggested that the gully erosion in southeastern Nigeria started with removing
vegetation cover (Nwachukwu and Onwuka, 2011). Erosion predominates in areas subjected to bush burning, continuous cultivation,
and mining on hillside slopes, all of which are common and long-term traditional practices in southeastern Nigeria (Nwachukwu and
Onwuka, 2011). Akpokodje and Akaha (2010) reported that the initiation and development of gullies are facilitated by natural
processes such as rainfall, topography, and soil structure.

A study reported that the major causes of soil erosion include human interference, climatic factors (rainfall), poor geology, undulating
topography, and soil nature (Okore et al., 2017). They recommended control measures such as cultivating vegetative cover, proper
soil and water conservation practices, crop management techniques, and intensive community-based campaigns.

Ajayi et al. (2019) reported that anthropogenic activities commonly cause soil erosion. These human activities include dumping
refuse in water, soil excavation, poor siting of fences, deforestation, bush burning, road construction, and residential buildings
without drainage. On the other hand, Bongdap (2020) identified continuous and heavy rainfalls and mining activities as the causes
of gully erosion in Plateau State, Nigeria.

RESEARCH GAP

Available reports center on causes and approaches to mitigating and controlling gully erosion. However, minimal reports focus on
the geotechnical investigation of these gully sites. Also, reports on rainfall characteristics and the nature and distribution of gullies
are limited. Most workers have not paid attention to the level of gully expansion at Ikeduru LGA. Hence, this study provides
necessary information for enhanced planning, management, and control of gully erosion in the area.

STUDY AREA

The study area is the Ikeduru local government area in the West of Imo state. It is located on longitudes 70 04 'E and 70 14 and
latitudes 50 29 N and 50 39 N (see figure 2). Ikeduru has boundaries with Isiala Mbano on the North, Owerri North Local Government
Area on the South, and Aboh Mbaise and Ahiazu local government areas on the West. The gully site is at Ugirike link road connecting
Ama-Imo and Mbaise communities. The headquarters of Ikeduru is at Iho. The LGA is made of 17 communities, namely Avuvu,
Atta, Eziama, Amakohia, Ngugo, lkembara, Akabo, Abazu, Uzoagba, Amaimo, Inyishi, 1ho, Okwu, Umudim, Ugiri, and Eziama
(See Figure 3.2). Each community experiences a different degree of erosion, ranging from sheet erosion to severe gully erosion, and
they share common cultures, boundaries, and markets.

The population of Ikeduru is 199,316 people, according to the National Population Census (NPC, 2007). It is in the humid tropics
with over 2000mm of rainfall per annum and a mean annual temperature of about 27°c. The rainy season in this region starts in
March or April and ends in between October & November.

Ikeduru is from the Tertiary geological epoch and has unconsolidated and sandy coastal plain sands. The area is drained by a series
of rivers and streams: Mbaa, Oramirikwa, and Okitankwo. These are the major water resources in the area. These rivers are
characterized by dry valleys, usually covered by flood during the rainy season when the aquifer is recharged. The economic activities
of the people include farming and trading.

Each of the gullies is located within latitudes 5° 33’ 46.19“N and longitudes 7° 13° 31.19“E 94 m for Trial Pit 1, latitudes 5° 33’
44.48“N and longitudes 7° 13” 31.72“E 90 m for Trial Pit 2, latitudes 5° 33” 43.03N and longitudes 7° 13” 32.93“E 82 m for Trial
Pit 3, latitudes 5° 33” 41.23“N and longitudes 7° 13* 29.93“E 99 m for Trial Pit 4, latitudes 5° 33” 50.60“N and longitudes 7° 13’
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13.84“E 78 m for Borrow Pit 1, latitudes 5° 34 .88“N and longitudes 7° 13’ .07“E 96 m for Borrow Pit 2 in the tropical rain forest
zone of Nigeria. The study region has more than 2500mm of rainfall annually and a mean maximum temperature of 27 °C. January
and February saw early precipitation, while the rainy season officially begins in March and ends in November every year. The
duration of the dry season is four to five months. The months of July through October have the most rainfall, with August seeing a
brief reprieve in precipitation known as the "August break." The location is easily accessible via federal highways from Okigwe -

Owerri Road.

Figure 2: Map of the study area showing sampling locations
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Source: (Arch GIS, 2021)

Table 2: Gully Erosion Site Measurements

Gully erosion measurement points | GPS readings

Point 1 N 5°33'6” E7°14' 16”
Point 2 N 5°33’ 59" E7°13' 5"
Point 3 N 5°33' 57" E7°13' 6"
Point 4 N 5°33' 42" E7°13' 29”
Point 5 N 5°33' 44" E7°13' 29”
Point 6 N 5°33'43"” E7°13' 30”
Point 7 N 5°33'43"” E7°13' 31”
Point 8 N 5°33' 42" E7°13' 32”
Point 9 N 5°33' 42" E7°13' 32”
Point 10 N 5°33'41"” E7°13’ 33"

Source: (Field Work, 2022)

Table 2 above shows the exact locations and measurement points for the 10-gully erosion in the study area. These points are the
linking roads commuters, businessmen, and women use for their trades and businesses from Ugiri-ike to Aforu-oru in Ahiazu Mbaise

in Ikeduru LGA, Imo State.

Fig 3. Map showing communities in lkeduru
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CLIMATE AND VEGETATION OF STUDY AREA

The climatic condition of Ikeduru LGA is that the average daily temperature is 27°C. Average annual rainfall is 1750 — 2000mm,
while relative humidity oscillates between 71.6 — 86.6%. According to the USDA soil classification scheme, the soil type is Ultisol,
derived from the coastal plain sands (Benin Formation) (Gordon Amangabara et al., 2014). Influenced by the topography (relief is
about 240m), rainfall distribution is uneven and mainly concentrates in the rainy season. In addition, the undulating gradient and
frail geology make the soils of Ikeduru susceptible to erosion.

GEOLOGY OF STUDY AREA

The basins of the Anambra and Niger Rivers comprise the research area's geology. The major crustal blocks extended and sank
during the Gondwana supercontinent's lower Cretaceous breakup era, giving rise to the Anambra River Basin, a NE-SW trending
syncline that is a component of the Central African Rift System. The distributaries of the Anambra, Idemili, and Njaba Rivers, which
run from east to west and obstructively drain into the River Niger, which flows southward into the Atlantic Ocean, are all part of the
nearly north-south trending River Niger, which includes the River Niger Basin. Likewise, the Imo and Cross Rivers, along with their
tributaries, run southward and empty into the Atlantic Ocean in the eastern region. Soon after the sporadic Upper Cretaceous rifting,
more plate activity in the lower Tertiary restarted the tectonic motions that formed the Anambra Basin and other places. Geologic
formations like Missions Hill and Abakaliki Hill are hills that extend from northeast to southwest. The majority of the hills are made
of sandstones and volcanic rocks. It is found that some streams originated from these hills that recharge the rivers that drain the area.
There are several locations where folded Cretaceous limestone and shale outcrops may be found. A dendritic drainage pattern is
created in the region by the natural flow patterns of rivers and their tributaries. The waters of these lakes, rivers, tributaries, and
distributaries, as well as the groundwater components, flows, and fluxes they contain, greatly influence the genesis, development,
and dynamics of landslides and gullies in southeast Nigeria. The area's geology is a major factor in the causation of gully erosion
and massive landslides in several communities. In denudation, the sand-filled sections of the Ajalli Sandstone, Ameki Formation,
and Nanka Sands are frequently exposed as sand outcrops. There may occasionally be underlying and overlaying shaley elements in
these sandy formations, which might serve to hold the sandy units together. These geologic formations have aquifers or saturated
groundwater components, and the pore water pressure in these aquifers facilitates the movement of sedimentary materials and
groundwater flows. These Formations' sedimentary units occasionally produce escarpments or cuestas that can fold, fault, and
fracture with joint fractures and planes of weakness, all of which promote landslides and gully erosion. Blocks of rocky sands and
shale sedimentary units may separate and slip into the gully troughs downslope.
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RESEARCH DESIGN

This study adopted fieldwork and survey research design. The fieldwork, which involved geotechnical investigation, was done in
two parts: fieldwork and laboratory tests, while the field survey centered on physical observation and measurement of the gully
catchments.

The fieldwork consisted of manually excavating four Nos. Trial Pits and two Nos Borrow Pits. Both were excavated and sampled
using manual labor to achieve the required sample collection volume. The trial pits were intended to provide information about the
underlying soil formation's physical characteristics and obtain soil samples for laboratory analysis, while the borrow pits were for
control analysis. Disturbed soil samples were collected in the gullies at varying depths, labeled and wrapped in clean polythene bags,
and conveyed to the laboratory for testing. Borrow pit soil samples were collected at exposed points, labeled, wrapped, and conveyed
to the laboratory for control tests.

The samples were used for soil classification tests, wrapped in clean polythene bags, sealed to prevent moisture loss, and labeled.
All the soil samples were conveyed to the laboratory for testing.

For laboratory testing, Representative soil samples were collected from the boreholes, tightly sealed, and transported to the
laboratory, where they were subjected to further visual inspection and the following tests:

(1) Atterberg limits (Liquid and Plastic) and the plasticity index (PI) were also determined.
2 Specific gravity

3) Natural moisture content

4) Bulk density

(5) Mechanical sieve analysis

(6) Quick Undrained Triaxial Tests.

@) Compaction Tests

(8) Chbr Tests

The aims of the soil investigation comprise the following:

- To establish the index properties of the soil within the proposed project site;

- To classify the soil based on the index properties;

- To ascertain the soil's carrying capability.

- To compare the geotechnical properties of the trial pits concerning the control pits.

One hundred (100) copies of the questionnaire were provided to some of the people in the research area; of those copies, more than
100% were successfully returned.

This study adopted content, context, and construct validation to ensure the questionnaire was appropriate for the study. A step-by-
step method was used to design and administer the survey questionnaire. A draft questionnaire was previously identified in the
literature. A pilot survey was conducted to make sure the questionnaire was appropriate for the study and properly addressed the
study topic. Hence, the questionnaire instrument was tested for reliability and validity using Cronbach’s alpha and co-efficient, which
gave 0.81 from the pilot survey.

The statistical software package SPSS Version 20 was used for data analysis. The data were shown using the frequency distribution
and additional descriptive statistics. Charts and tables. When appropriate, inferential statistics were employed to assess the data,
including descriptive statistics, a Person's product correlation coefficient, two sample T-tests, and a Z-test. A 95% confidence level
and a significance level of p<0.5 were established.

DATA PRESENTATION AND ANALYSIS
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The data presented and analyzed here are rainfall characteristics from the year 2010-2021, nature and distribution of the gully sites,
data on the perception of the stakeholder concerning the demographic structure of the respondents, the socio-economic and
environmental impacts of the gully erosion of the sample locations, the geotechnical investigation from fieldwork and laboratory
analysis in the study area, the rate of gully erosion expansion and approaches in mitigating against gully expansion. After that, the
research hypotheses were tested with the study research questions.

Demographic Review

In line with the study's first objective, “to determine the demographic structure of respondents from Ikeduru LGA,” tables 3-7 were
used to achieve this objective.

Table 3: Age Structure of Respondents from Ikeduru LGA

SIN Response No. %
1 21-30 years 48 48
2 31-40 years 32 32
3 41-50 years 13 13
4 Above 50 years 7 7
TOTAL 100 100

Source: Fieldwork, 2022

Table 3 of the survey shows that 48% of participants are in the age range of 21 to 30 years old, while 32% are between 31 and 40
years old, respectively. Those representing 13% and 7% each are between the ages 41 and 50 and above 50 years, respectively.

Table 4: Gender of Respondents from Ikeduru LGA

SIN Response No. %

1 Male 54 54

2 Female 46 46
TOTAL 100 100

Source: Fieldwork, 2022

Table 3 reveals that 54% of the respondents from Ikeduru LGA are male, while the remaining 46% are female, which comprises the
gender structure of the respondents.

Table 5: Cross-tabulation on sex-duration of stay

Issues Raised Outcome TOTAL
Sex * Length of Stay | < 2 years 2-5 years 6-10 years > 10 years

Male 24 10 20 - 54
Female - 16 10 20 46
TOTAL 24 26 30 20 100

Source: Fieldwork, 2022

Table 5 reveals that out of the 54% of males in the area, 24%, 10%, and 20% of respondents have stayed less than two years, 2-5
years, and 6-10 years in the area, respectively are male, while out of the remaining 46% of female residing in the area. 16% and 10%
of the respondents have stayed 2-5 years and 6-10 years, respectively, and 20% of residents above ten years are female.

Table 6: Educational level of Respondents from Ikeduru LGA

SIN Response No. %
1 Primary 10 10
2 Secondary 50 50
3 Tertiary 12 12
4 No formal education 28 28
TOTAL 100 100

Source: Fieldwork, 2022

Table 6 demonstrates that half of the participants have completed secondary education. While 10% are only educated up to the
primary level. 12% and 28% of the remaining respondents are educated up to tertiary level and have no formal education,
respectively.

Table 7: Occupation of Respondents from Ikeduru LGA
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SIN Response No. %
1 Civil Servant 10 10
2 Farmer 45 45
3 Site workers 30 30
4 Student 10 10
5 Other 5 5
TOTAL 100 100

Source: Fieldwork, 2022

Table 7 reveals that most respondents, totaling 45%, farm on these gully-eroded lands daily. In comparison, 30% are site workers,
and 10% of each of the remaining respondents are civil servants and students, respectively, with visitors making up 5%.

Socio-Economic and Environmental Review

In line with the study's second objective, “to examine the adverse socio-economic and environmental impacts of the gully erosion
on the various land uses in the study area between 2017-2022”, Tables 8-10 were used to achieve this study objective.

Table 8: Social Impacts of Gully Erosion Expansion in Ikeduru LGA

SIN | Item No. | %
1 Destruction of ancestral homeland 55 55
2 Loss of source of water supply 18 18
3 Frightful scenic environment 15 15
4 Experience of trauma 12 12
5 Loss of relatives - -
TOTAL 100 | 100

Source: Fieldwork, 2022

Table 8 shows that 55% of respondents constitute those who suffered the destruction of their ancestral homeland. In comparison,

18%, 15%, and 12% each of the respondents constitute those who experienced a loss of a source of their water supply as a result of

destroyed boreholes, those who find the gully site frightful and experience trauma respectively as a result of the gully erosion.
Table 9: Economic Impacts of Gully Erosion Expansion in Ikeduru LGA

SIN | Item No. | %

1 Loss of building & furniture 5 5

2 Loss of farmland 50 | 50

3 Loss of planted crops 25 | 25

4 Loss of economic trees 10 | 10

5 Loss of monetary contributions 10 | 10
TOTAL 100 | 100

Source: Fieldwork, 2022

Table 9 shows that 50% of the respondents lost their farmlands due to the gully erosion. 20% constitute those who lost monetary
contributions due to the gully site. In comparison, 10% of each respondent lost economic trees planted crops, buildings, and furniture
due to the gully erosion expansion.

Table 10: Environmental Impacts of Gully Erosion Expansion in Ikeduru LGA

SIN | Item No. | %
1 Reduced access to lands 60 | 60
2 Changes in overland flow causing sedimentation 8 8
3 Increased rates of erosion exposing subsoil materials 18 | 18
4 Sedimentation of waterways & supplies 14 | 14
5 Increased pollution from agricultural & chemical effluent in | - -
incised waterways
TOTAL 100 | 100

Source: Fieldwork, 2022

www.ijeais.org/ijeais
103



International Journal of Engineering and Information Systems (IJEAIS)
ISSN: 2643-640X
Vol. 8 Issue 2 February - 2024, Pages: 91-119

Table 10 reveals that 60% of the respondents had reduced access to their lands due to the gully erosion. 14% indicated that their
borehole pipes had been washed out and exposed due to the gully erosion. At the same time, 18% and 8% of respondents constituted
increased exposure to the subsoil materials and the sediment changes in the overland flow, respectively.

Soil Samples in the Study Area and their Geotechnical Indices

Tables 11-12 were used to achieve the third research objective, which is "to analyze the geotechnical indices for the soil samples in
the study area." The high elevation and gently steep slope, combined with the geotechnical properties of the soils, were the initial
conditions that triggered landslides and gully formations in the study area, resulting in the large lateral extents, widths, and depths
of the gullies, as shown by the field and geotechnical evaluations of the soils in Tables 11 and 12.

Table 11: Field measurements for gullies in the study area

SIN | Longitudes Latitudes Elevations | Lateral Depth Width Slope Description
(E) (N) (m) extents (m) (m) (m) Angle (°)

1 05°33' 6" 07°14' 16" 350.0 88.5 72.7 32.3 35 Steep Slope (SS)

2 05°33" 59" 07°13" 5" 323.0 82.5 50.4 30.7 14 Moderate-Slope

3 05°33" 57" 07°13" 6" 310.0 83.5 35.5 54.8 09 Gentle Slope

4 05°33"42"” 07°13"' 29”7 265.4 78.5 69.5 22.7 12 Moderate-Slope

5 05°33" 44" 07°13" 29" 180.6 86.0 40.6 72.6 16 Moderately (SS)

6 05°33' 43" 07°13'30” | 220.0 80.5 20.5 55.9 08 Gentle (SS)

7 05°33'43” | 07°13'31” | 280.2 405 41.0 62.5 32 Steep Slope (SS)

8 05°33" 42" 07°13" 32" 315.0 42.0 77.0 24.5 07 Gentle (SS)

9 05°33" 42" 07°13" 32" 120.0 93.0 31.2 42.0 08 Gentle (SS)

10 05°33' 41" 07°13'33” | 22.8 69.0 28.4 51.8 11 Moderate-Slope
pu=238.7 pu=74.4 U=46.68 p=44.98 | p=15.2 Remark:
SD=104 SD=18.6 SD=20 SD=17.1 | SD=10.1 Sltce)rrl)tele Steep

Source: Fieldwork, 2022

Slope failures, fractures, and fracture slopes of varied degrees occur in the research region because of the clay sands' high
permeability, non-plasticity, poor cohesion, low shear strength, and frictional angles between grains. The high permeability values
indicate that the clay sands units P1, P6, and P8 in the research region transport an adequate amount of water into the underlying
high plasticity and low permeability P2 and P3 (coarse grain clay) layers under heavy rainfall, run-off, and infiltration processes.
Aforu Ugurike's sand-clay border develops a high pore-water pressure. As a result, the clay layers will expand, and sliding, shrinking,
and swelling actions will occur along with the creation of an upward pull on the units of coarse to medium sand that is above them.
The research region saw several slope collapses, debris soil slides, and gully formation as a result of the clay layer's alternating
cycles of swelling and shrinking over the wet and dry seasons. Along with other landslide activity in the study region, it also causes
new, fairly steep slopes to form at the base of the Aforu Ugurike sands. A number of landslides in the study region are caused by the
coarse-grain clay units (P2 and P3), which act as gliding planes in addition to having extremely poor permeability and separating
the sand units in the vicinity. The study area's inadequate drainage systems are unable to handle the extra runoff that occurs during
the wet seasons. The extra water flow becomes confined in small, concentrated streams, which subsequently erode away at the
surface of the soil to produce gullies of all shapes, sizes, and scales.

Table 12: Results of the geotechnical indices for the soil samples in the study area
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Source: Fieldwork, 2022

S/ | Longitude | Latitudes | Sampl | Cohesi | Angle of | Coefficie | Liqu | Plasti | Plasti Grain size
N s (E) (N) es on Internal nt of id c c
Locati | (KN/m? | Resistanc | Permeabi | Limi | Limit | Index
on (P) ) e (©) lity (m/s) t (PL) | (PL)
(LL)
1 05°33'6” | 07°14’ P1 23 21 46X 10* | 43 24 19 Sandy clay
16/’
2 05°33'59” | 07°13'5” | P2 20 23 40X 10* | 38 NP NP Coarse-
grained sand
3 05°33'57” | 07°13’'6” | P3 19 21 3.6 X10* | 34 18 16 Sandy clay
4 05°33"42” | 07°13’ P4 22 22 42X 10* | 40 31 9 Sandy clay
29!,
5 05°33"44” | 07°13’ P5 23 22 42X10*% | 41 17 24 Sandy clay
29!,
6 05°33"43” | 07°13’ P6 34 25 48X 10* | 46 36 10 Sandy clay
30!3
7 05°33"43” | 07°13’ P7 34 22 42 X104 | 41 33 8 Sandy clay
31!’
8 05°33"42” | 07°13’ P8 34 21 43X 10* | 45 32 13 Sandy clay
32!’
9 05°33"42” | 07°13’ P9 34 21 42X 10* | 40 34 6 Sandy clay
32!’
10 | 05°33'41"” | 07°13' P10 34 23 42X 10% | 42 35 7 Sandy clay
33!’
u=27.7 | p=22.1 p=4.2 X | p=4 | u=26 | pu=11.
SD=6.8 | SD=1.3 10+ 1 SD=1 | 2
SD=0.3 X | SD= | 15 SD=7
10+ 34 0

Gully Expansion Rates

The gully sites where the sample points were taken have been subjected to natural and anthropogenic activities that have depreciated
the site's terrain over the years. Research was carried out to examine the level of environmental degradation that has affected the site
within five years (2017-2022). This data set is used to achieve objective four, “to measure the rate of gully expansion at the study
area” of the study.

Fig 2: Satellite Image of Gully 2017
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In line with the fourth objective of the study, which is “to measure the rate of gully expansion at the study area” " Table 13 was

used to achieve this objective of the study.
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Table 13: Changes in the 10 gullies between 2017 and 2022

Gully 2017 length 2017 width 2017 area 2022 length 2022 width 2022 area
ID (km) (m) (m?) (km) (m) (m?)
1 0.08 38.9 3340 0.13 56.4 5679
2 0.19 422 8703 0.22 54.14 14370
3 0.21 49 12622 0.34 59.3 19659
4 0.09 35.9 3470 0.06 22.7 1871
5 0.07 31.3 1923 0.21 58 12661
6 0.8 42.63 38508 0.9 54.68 51462
7 0.3 30.35 17116 0.5 39.42 19791
8 0.5 31.9 19027 0.4 47.89 18824
9 0.32 13.2 4895 0.51 22.29 12287
10 0.28 30.7 7924 0.36 48.3 18024
p=0.28 p=34.61 p=11753 p=0.36 p=46.31 u=17463
SD=0.22 SD=9.77 SD=11082 SD=0.24 SD=13.85 SD=13374

Source: Fieldwork, 2022

In 2010, 10 gullies covering 0.28 km2 were mapped. The mean gully length was 0.28 km, with an SD of 0.22 km. The mean width
was 34.61 m (SD 9.77 m), and the mean area was 11,753 m2 (SD 11,082 m2). A total of 10 gullies in 2022, covering 0.51 km2,
were also mapped. Coordinate points of the ten visited gullies corresponded with mapped gully polygons digitized from satellite
data, thus representing 100% accuracy of gully identification for the visited sites. Table 13 shows changes in the ten old gullies. The
ten gullies in 2022 had a mean length of 0.36 km (SD 0.24 km), a mean width of 46.31 m (SD 13.85 m), and an average gullied area
of 17463 m2 (SD 13374 m2). Total land area under gully occupation in the study area in 2022 was 0.64 km2. Changes in gully sizes
were not consistent throughout the research region; apparent decreases in gully sizes were occasionally seen despite reported
increases.

Changes in gully expansion
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In Fig. 3.6, the overall gully size at the site has increased from 2.11 hectares in 2017 to 5.39 hectares in 2022. This is partly due to
the anthropogenic activities of the people living within the site area. Ten (10) gullies were identified in Aforu Ugurike in Ikeduru
LGA to determine changes in gully dimensions, and the 2017 values were subtracted from the 2021 and 2022 values. Although the
2021 satellite data only covers 34% of the study area, it was used to understand stepwise changes in gully sizes where possible. Two
different measurements were performed for 2022 gully dimensions:

a) Gullies mapped in the 2017 satellite imagery (‘old’ gullies)
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b) Gullies were identified for the first time in the 2021 or 2022 imagery (‘new’ gullies).

At a resolution of 30 meters, geomorphic variables were obtained from the Digital Elevation Model (DEM) of the Shuttle Radar
Topography Mission (SRTM). The DEM provided the gully heads' maximum slope and relative relief values. Maximum slope values
aid in understanding the locations of the steepest slopes within a zone where the erosive force of surface run-off would be most
noticeable. Within a zone of interest, relative relief represents the difference between the greatest and lowest elevation values. Using
a pour point analysis in ArcGIS, the DEM was utilized to define gully watersheds and pinpoint the locations that contributed to the
gully upslope. However, from the result of the DTM (Digital Terrain Model) carried out on the gully site, there is no significant
difference in the value of the highest and lowest regions of the terrain. This implies that the socio-economic and environmental
activities that cause the expansion of the gully concentrate on its widening.

Indigenous Approaches to Mitigating Gully Expansion

In line with the fifth objective of the study, which is “to examine indigenous approaches in mitigating gully expansion in the study
area,” tables 14-15 were used to achieve this study objective.

Table 14: Causes of Gully Erosion Expansion in Ikeduru LGA

S/N  Response SO D N A SA No Yes/No/Not Sure
1 Natural or human activities 24 |22 |- |46 8 100 Not sure
2 Poor Soil texture, structure, and slope 20 |40 |20 |10 | 10 | 100 No

3 Rainfall 10 |- |- |40 |50 | 100 Yes (1%)
4 Human deforestation 38 (602 |- |- 100 No

5 Overgrazing 31 [59 |10 |- |- 100 No

6 Excessive cultivation 60 |35|5 |- |- 100 No

7 Bush burning 65 (25|10 |- |- 100 No

8 Construction works 10 |- 20 |- |70 | 100 Yes (2"%)
9 Population increase 50 (20 |- |- |10 | 80 No
10 | Others - - |- |- |20 |20 Yes (3™)

Source: Fieldwork, 2022

In Table 14, the study reveals how respondents feel about the causes of gully erosion expansion in their LGA. The respondents feel
that rainfall, construction work, and other causes, such as lack of drainage systems, are the major causes of gully erosion expansion
in their LGA.

Table 15: Mitigation approaches of Gully erosion expansion in Aforu Ugurike Ikeduru LGA

S/N  Response SOD D N A SA No. Yes/No/NotSure
1 Sandbag embankment 2 18 ' 6 20 44 90 Yes
2 Broken stone embankment 26 |40 14 |10 | - 90 No
3 Planting of trees and grasses 20 38 22 | - 10 90 No
4 Landfills - 30 27 |30 3 90 | Yes
5 Construction of drainages 8 20 40 12 10 90 Yes
6 Good_ land management and agricultural | 10 | 30 ' 30 10 |10 | 90 No
practices
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7 Other approaches - - - - 10 10 Yes

Source: Fieldwork, 2022

Table 15 shows respondents' feelings about gully erosion expansion mitigation approaches in their LGA. The respondents feel that
they use sandbag embankments, landfills, and the construction of drainage systems more as their mitigation approaches to gully
erosion expansion in their LGA. While some feel other mitigation approaches, they embark on dirt-filling mechanisms (using their
waste refuges to fill the gullies).

A very loose soil compaction increases its susceptibility to erosion and landslides. High rainfall, surface water diversion, human
activities, and socio-economic and environmental activities influenced the study area. During the rainy season, lush vegetation covers
the slopes of gullies and landslides. Because of overgrazing and drought, the gully and landslide slopes are nearly completely naked
throughout the dry season. During the study area's rainy season, heavy rainfall, runoff, and soil erosion weaken the slopes by
separating the soil's lateral base, which causes the slopes to become steeper. The influence of elevation and vegetative/land cover on
the primary cause and ongoing spread of gullies and landslides in the study region is demonstrated by the digital elevation model
and the land cover map created from Arch GIS 30 m data.

Table 16: Rainfall Distribution Characteristics between 2010-2021

m 491 739 1187 161.5 256.7 2183 2705 3027 609 3545 1005 0 25154
m 391 0 53.2 354.2 473 3918 382.7 3564 344 246.5 1165 55 2337.2
m 5.5 62 206.4 1722 1408 3854 3017 3487 4308 2134 226 148 2304.3
279 904 241.7 2656 0 3915 1315 2935 3724 409 0 0 18554
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938 10 71 213.2 185.2 256.9 650.1 641 571.1 2733 1197 239 2961.3
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m 09 28 157.5 2168 2481 373 4899 2854 3337 2149 79.5 176 24241
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596 125 722 1159 3615 3392 484 3816 460.9 2924 26.7 158 26223
211 746 68.7 2384 2527 3953 350 502 573.2 228 15 888 26167

2116 4988 10350 20633 21706 34742 39790 40554 40448 22710 5637 093 2437.66
4301 4114 6827 71.25 106.18 9216 130,79 11084 16966 10002 4853 2978 27430

wn
S
c
=
(@]
@D
I
@
o)
=
S
S
=
N
=
o
N

www.ijeais.org/ijeais
109



International Journal of Engineering and Information Systems (IJEAIS)
ISSN: 2643-640X
Vol. 8 Issue 2 February - 2024, Pages: 91-119

Rainfall Distribution Characteristics
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Table 16 shows the rainfall variability of 12 years, particularly monthly and annual rainfall.

Table 17: Rainfall Anomalies

Year X(mm) p-X
2010 73.9 -68.66
2011 55 -0.26
2012 5.5 -0.26
2013 27.9 -22.66
2014 50.6 -45.36
2015 7.1 -1.86
2016 -88.8 94.04
2017 0.9 4.34
2018 22.3 -17.06
2019 34.3 -29.06
2020 125 -7.26
2021 -88.8 94.04
H 5.4
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Table 18: Rainfall Characteristics between 2010-2021

Hydrological Ht Dr < 30min max >1-h max
Year
2010 \ 218.3 55 73.9 118.7
2011 391.8 61 0 53.2
2012 \ 385.4 63 62 206.4
2013 391.5 59 90.4 241.7
2014 \ 439.5 34 136.9 73.3
2015 256.9 54 10 7.1
2016 \ 498.3 50 425 107.1
2017 373.0 60 2.8 157.5
2018 \ 293.9 59 58.7 90.2
2019 185.9 55 34.3 45.9
2020 \ 339.2 45 12.5 72.2
2021 395.3 52 74.6 68.7
MEAN \ 347.4 53.9 49.9 103.5
SD 92.2 8.1 411 68.3

Source: Fieldwork, 2022 (Main characteristics of rainfall events in the study area: total height (Ht), rainy days (Dr), maximum <
30min max intensity, maximum >1-h height (Hmax 1 — h).

Rainfall characteristics in Table 15 revealed that of the 12 years under study, only five years (2010, 2015, 2018, 2019, and 2020)
had total annual rainfall less than the mean annual (347.4mm), while the seven years received more than the mean annual total,
representing 58.3%. This implies that only 41.7% of the 12 hydrologic years have relatively low rainfall compared with the mean
total height of 347.4mm. However, this amount is high in an urban environment with increasing sealing surfaces. The mean annual
rainfall days (Dr) showed 54 days, with a maximum of 63 days (2012), a minimum of 34 days (2014), and a standard deviation of
8.1. This showed low variation in rainfall days. However, this does not imply that the higher the number of rainy days, the higher
the amount of rainfall expected, as shown in Table 15. Rainfall duration of < 30min for 2010- 2021 showed a mean of 49.9mm with
a standard deviation 41.1. This is also represented graphically.
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Data from the digital terrain model in fig 3.4 - 3.7 shows the rate at which the gullies expand. The gully site where the sample points
were taken has been subjected to natural and anthropogenic activities that have depreciated the site's terrain over the years. Research
was carried out to examine the level of environmental degradation that has affected the site within five years (2017-2022). This data
set was used to achieve all the objectives discussed in the study.

T-test analysis of the Demographic Structure of the Respondents

Objective 1

Ho: The demographic structure of respondents from Aforu Ugurike Ikeduru LGA does not differ significantly.

Table 19: Two sample T-tests & conference intervals analyzing the demographic structure of respondents from Ugurike
Aforu lkeduru LGA.

N Mean Standard Deviation Standard Error Mean
Descriptive Statistics | 100 | 17.52 23.68 12.92

Source: Researcher’s computation, 2022.

95% Cl is (9.25) T-Test T=-0.026 P=0.64 DF=99. The test shows that the mean scores do not differ since P equals 0.64, i.e., greater
than 0.05. Therefore, from the decision rule, the P value is greater than 0.05. We accept null hypotheses and, thus, conclude that the
demographic structure of respondents from Aforu Ugurike Ikeduru LGA does not differ significantly.

Correlation analysis for Socio-economic and Environmental Impacts of Gully erosion expansion

Objective 2

Ho: The adverse socio-economic and environmental impacts of the gully erosion on the various land uses in the study area between
2017-2022 do not differ significantly.

Table 20: Summary of correlation analysis for social-economic and environmental impacts of gully erosion expansion in
Aforu Ugurike Ikeduru LGA

Statistical Technique N X? Value df | Level of Sig. Critical Value Decision
Person’s Product Correlation | 100 | 0.616 4 0.10 1.671 Accept
Coefficient 0.05 1.333 Ho

Source: Researcher’s computation, 2022.

A relationship between the degree of the negative socioeconomic and environmental repercussions has a calculated correlation
analysis of 0.616. The critical values at 0.10 and 0.05 are 1.671 and 1.333, respectively. If the computed chi-square value (0.616) is
higher than the critical values at 0.05, which is 1.333, and at 0.1, which is 1.671, the decision rule is to reject Ho. Since the computed
value is smaller than the crucial levels, Ho is thus acceptable. Hence, it is concluded that “The adverse socio-economic and
environmental impacts of the gully erosion on the various land uses in the study area, between 2017-2022 do not differ significantly”.

T-test analysis of the Geotechnical indices for the Soil samples in the study area
Objective 3
Ho: The geotechnical indices for the soil samples in the study area do not differ significantly.
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Table 21: geotechnical indices for the soil samples in the study area using Two sample T-tests &
conference interval comparing among the sampling locations.

N Mean Standard Deviation Standard Error Mean
2017 10 27.0 6.75 2.13
2022 10 22.1 1.29 0.29

Source: Researcher’s computation, 2022.

95% ClI for mu 2017 - mu 2022: (0.26, 0.52) T-Test mu 2017= mu 2022 (vs not =): T= 2.696 P=0.03 DF= 9.

The test shows that the mean scores differ since P equals 0.03, i.e., less than 0.05. Therefore, from the decision rule, the P value is
less than 0.05. We reject the null hypotheses and, thus, conclude that the geotechnical indices for the soil samples in the study area
differ significantly.

Correlation analysis of the Rate of Gully expansion among the sampling locations.

Objective 4

Ho: The rate of gully expansion does not differ significantly among the sampling locations.

Table 22: Summary of correlation analysis for the rate of gully expansion among the sampling locations in Aforu Ugurike
Ikeduru LGA

Statistical Technique N X? Value df | Level of Sig. Critical Value Decision
Person’s Product Correlation | 10 0.919 4 10.10 0.687 Accept
Coefficient 0.05 0.981 Ho

Source: Researcher’s computation, 2022.

The association between the sampling locations' rates of gully extension and the correlation analysis calculated for it is 0.919. 0.687
and 0.981 are the critical values at 0.10 and 0.05, respectively. If the computed chi-square value (0.919) is less than the crucial values
at 0.05, which is 0.981, and at 0.1, which is 0.687, the judgment rule is to reject Ho. Therefore, Ho is accepted since the calculated
value is lesser than the critical values. Hence, it is concluded that “The rate of gully expansion does not differ significantly among
the sampling locations.”

T-test analysis for Indigenous Approach in Mitigating Gully Expansion

Objective 5

HO: No appreciable differences exist in the sampling areas' indigenous methods for preventing gully extension.

Table 23: Two sample T-tests & conference intervals comparing the indigenous approach in mitigating gully expansion
among the sampling locations.

N Mean Standard Deviation Standard Error Mean
2017 7 -12.84 11.10 4.20
2022 7 10.0 17.32 6.55

Source: Researcher’s computation, 2022.

95% CI for mu 2017 - mu 2022: (-2.57, 26.02) T-Test mu 2017= mu 2022 (vs not =): T= 1.528 P=0.17 DF= 6. The test shows that
the mean scores do not differ since P equals 0.17, i.e., greater than 0.05. Therefore, from the decision rule, the P value is greater than
0.05. We find that there is no substantial difference in the indigenous method in limiting gully growth among the sampling areas if
we accept the null hypothesis. Of all the hypotheses, only hypothesis three (3) was rejected. The other four hypotheses were accepted
according to the computations of the research.

CONCLUSION

The demographic makeup of respondents from Aforu Ugurike Ikeduru LGA was compared, as were the negative socioeconomic
and environmental effects of gully erosion in the study area, the type and distribution of gully expansion, the geotechnical indices
for the soil samples in the study area, the causes of gully erosion, and strategies to prevent gully erosion expansion. The analysis
showed that anthropogenic activities such as natural or human activities, poor road construction practices, urbanization, heavy
rainfall, and poor drainage channels were the major causes of gully erosion. The research also examined the data collected in order
to verify the proposed hypotheses. The genesis, related processes, and consequences of gully and landslide risks in Aforu Ugurike
and its surroundings have been assessed. According to field observations, the study area's landslides and gully erosions were caused
by a combination of factors, including heavy and extended rainfall, geomorphological features, a poorly built structure, high slope
instability, inappropriate land use, and the steepness of the slope. Landslides and gully erosion were also caused by the
unconsolidated character, low cohesiveness, high permeability, and poor plasticity of the soil that is found under and above the clay
lithological strata. From the analysis of the socio-economic and environmental impact of gully erosion in Aforu Ugurike lkeduru
Local Government Area, the study concludes that our environment is a part of our social and economic survival, and what happens
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within our environment can negatively impact our survival. More so, for greater effectiveness, the solution to the impact of gully
erosion is to treat it.

This research has indicated that gully erosion is developing alarmingly, expanding to 13374 m2 per annum between 2017 and 2022.
Gully erosion devastated a total land area of 51462 m? and it is expected to claim a total land area of 159407 m2 by 2025 if no
effective control measure is adopted to address it. Using soft wares such as ArcGIS10.1, Surfal0, and Global Mapper has proved
effective in mapping and determining the extent of gully erosion menace at a near-accurate level. Consequently, there is an urgent
need to address the disaster to alleviate its impact on the existing land uses.

RECOMMENDATIONS
In addressing the gully erosion menace discussed in the study, the following guidelines are recommended:

1. Itis recommended that the erosion channels be redirected from high-risk locations to low-risk ones, and concrete culverts
should be constructed to channel the erosion water.

2. Roads should have routine maintenance in order to maintain drainage and clean culverts to prevent flooding, and diversion
should be installed at drains and culverts where runoff velocity can cause erosion.

3. There should be a massive public awareness campaign on the problems and consequences of gully erosion, as well as
enacting environmental laws and serious penalties for offenders. This will go a long way in making the inhabitants adhere
to environmental best practices, thereby mitigating the menace.

4. In order to solve the issue, the community should be urged and counseled to contribute their fair share through customary
methods and other cultural practices like agro-forestry systems, cover crops on farms, street tree planting, and other regional
elements that can lessen gully erosion.

5. Toassist builders and real estate developers in creating anti-erosion buildings, the government must map the whole region
and create gully erosion hazard/risk maps.
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