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Abstract

Soil erosion which is now one of the impacts of climate change due to increased precipitations events across the
globe needs variations for adjusting to the actual and expected change in its occurrence more than
mechanical/engineering measures for the management of the phenomenon. The objective of this paper is to
conduct a comprehensive review on triggers of gully erosion with an in-depth possible solution for sustainable
soil erosion challenges in Nigeria. The research made a review of academic/journal articles, internet materials,
news articles, conference papers, books and publicly available materials on adaptations to gully erosion. From
the review, most authors have a unity of opinion that large areas of agricultural lands are lost or have become
unsuitable for cultivation due to gully erosion. Many States in Nigeria are currently under the threats of this
phenomenal process, south-eastern part of the country being the most affected. It has numerous causes; and
these causes can be both naturally and artificially-induced, but the underlying geology. Observations have
shown clearly that gully erosion is more prevalent in sedimentary terrain than in the basement complex of
Nigeria. This erosion activity at various scales has resulted in the loss of lives and properties almost on yearly
basis. Solutions that have been proffered include public awareness campaign, improved farming techniques,
cultural method of gully control, enactment of laws against any activities that favour gully growth, and thorough
implementation of suggested solutions.
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INTRODUCTION South Eastern parts of Nigeria. Similarly in the
Soil is an important natural resource which when tropical and semi-arid regions of Nigeria, the ever
effectively remediated, could increase the livelihoods abiding presences of gullies are seen. This is however
of households in sedentary agricultural communities associated with traditional agricultural practices seen
(Bukari, 2013). Soil erosion is recognized as one of in that area (Federal Ministry of Agriculture and
the world's most serious environmental problems; National Resource, 2011). The results of gully
globally, about 80% of the current degradation of erosion are remarkable in terms of loss of land and
agricultural land is caused by soil erosion (Mahmud properties. About 45% of land surface of the eastern
et al 2018). states are affected by measurable sheet erosion while
about 20% of land surface suffers from severe sheet
Bruce, 2006) defined gully erosion as ‘any erosion erosion (Gabriel and Jibrin 2012).
channel so wide that it cannot be crossed by a
wheeled vehicle or obliterated by farm implements. Apparently, gully erosion has been challenging
However, gully erosion in the African, continent as a sustainable agriculture and clean environment in
whole has caused an average annual crop vyield Nigeria. The determinations to eliminate poverty,
decline by 8.2% for Sub-Saharan African and that if ~ which is one of the Millennium Development Goals
higher soil erosion rates continue unabated average (MDGs), can only succeed when soil erosion is kept

possible food production will drop 62% (Pimentel, to a minimum (Pimentel, 2006). Gully erosion is
2006). According to Igwe, (2017), the factors of soil common in all areas of the world, but developing
erosion in Nigeria resolve into two components: countries suffer more because of the inability of their

physical (geologic or "natural™) and anthropogenic farming populations to replace lost soils and nutrients
(human or "accelerated"), those study has revealed (Mohamed, 2015). He further stated that soil is one of
that the human component in gully erosion is often the natural resources on Planet Earth, but though soil

exaggerated while the effects of the physical is a renewable natural resource, yet it can become
component are usually underestimated. In spite of the finite, with the passage of time, through its
technological advancement, the threat of erosion still degradation. Phatak, Dozier, Bateman, Brunson and

poses a major problem in Nigeria, especially in the Martini (2002) opined that globally it has been
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estimated that about 1.1 billion hectares of land is
affected by soil erosion, with annual global loss of
agricultural land due to erosion estimated at 3 million
hectares (Woreka, 2004). Behera and Panda (2009)
stated that it is impossible to achieve food security
without overcoming the problem of nutrient
depletion. The continuation of high soil erosion will
eventually lead to a loss in crop production even
though fertilizers and other inputs often result in
increased yield in the short term (Pathak, Wani and
Sudi, 2005). Francis (2012) asserted that soil erosion
results in infertility and lead to desertification and
devastating flooding. Soil erosion impacts negatively
on crop productivity and environmental quality and
depresses the. The World Conference on
Environment and Development (WCED) (1987)
defined sustainable development as development that
meets the needs of the present without compromising
the ability of future generations to meet their own
needs. Variations to soil erosion will reduce the
adverse impacts of the phenomenon on the
environment and socio-economic conditions of the
affected people. There is, therefore a need to
critically review triggers, impact and possible
solution in some part of the country with a view to

METHODOLOGY

The study will critically concentrate on literature
research that will involves consulting written texts
such as journal and conferences papers, internet
materials, magazines , books and  seminars among
others.

Description of the Study Area

Nigeria is situated in West Africa, bordered by Benin
in the west, Cameroon in the east and the Gulf of
Guinea in the south (Figure 1). It has a large land area
of some 911,000 square kilometres, the terrain is very
variable, with mountains in the southeast, hills and
plateaux including the Jos Plateau in the centre,
lowlands in the south and plains in the north. The
highest point is Chappal Waddi (2419 m) in eastern
Nigeria and the lowest is sea level (NERC 2003).
Nigeria’s climate varies from equatorial in the south
to tropical in the centre and arid in the north. Annual
rainfall varies from over 4000 mm in the south to less
than 250 mm in the north, the national average being
1180 mm (FMMP, 1999). The mean annual
temperature in northern Nigeria is around 25°C
(Alagbe, 2002). With a population of around 186
million people (World Bank 2016), Nigeria is the

making recommendations that will build in most populous country in Africa. It is composed of
sustainability into soil erosion management. 36 states and the capital city is Abuja (Figure 1).
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Figure 1: Map of N?geria showin

Triggers of Gully Erosion Formation and
Development in Nigeria

Ezezika and Adetona (2011) observed that the
erosivity and erodibility are the factors that contribute
to erosion and gully formation. Erosivity is a function
of rainfall, a natural phenomenon which is outside
human control and manipulation. Rainfall intensities
can be high in Southeast Nigeria. Morenike (2015)
Observed that menace of gully erosion in Ungwan
Danyaro, Samaru Zaria, Kaduna state north-western
Nigeria often caused by anthropogenic impacts such
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g the study area (Obaje, 2009).

as Agriculture, deforestation, grazing, sand mining ,
construction and urban sprawling (resulting from
population increase) were amongst the most
significant human activities in regard to their effects
on stimulating gully erosion in the area. The FAO
(2010) have concluded that gullies menace in Nigeria
results from the action of heavy rainfall on the earth
surface under reduced or altered vegetation cover and
proposed a number of vegetative and inorganic
technologies as solutions. However, the results of
several studies of Olife et al., 2007; Osadebe and
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Akpokodje, 2007; and Igwe, 1999, revealed that
some gullies are initiated by natural cracks in the
earth, much of the gully erosion in the Southeast
region of Nigeria can be linked to human activities,
which can be managed and controlled through proper
land use, forest vegetation. Furthermore, responses of
people from the region acknowledged that the nature
of the soil is a strong contributing factor to the rapid
development of gully erosion in the region, they
noted that most of the causes of erosion are linked to
poor land management practices.

Mahmud et al (2018) reported that, continued
increased in gully development in Bida town of Niger
state were mainly due to human activities in the area
ranges from deforestation and conversion in the land
cover type, the improper channelling of runoff water,
indiscriminately development of building on the
water ways, and Infrastructures such as roads were
built without proper environmental studies and some
of the roads were constructed without sufficient
drainages to channel the runoff into the nearby
stream. Audu and Ehiorobo (2012) have investigated
gully erosion in an Urban area of Sokoto, north -
central Nigeria and reported that Gully erosion occur

due to extreme overflow of fluid with a very high
speed and energy to remove and transmit soil particle
downhill slope. In Nigeria, several of the gullies that
occurred in towns were due to inappropriate
termination of drains and stream paths, the increase
in gullies pool by the side of a few water course
resulting from changes in land use practice remained
a source of worry. Many scholars have examined the
vulnerability of soil to inter rill and rill erosion but
little research explored the propensity of soils to gully
erosion.

Yila et al (2017) was concluded that the expansion
of gullies in Gombe metropolis was due to poor
drainage, poor waste disposal which lead to disposal
of dirt's in gully channel, it causes obstruction to
runoff and tend to increase the gully channel
gradually and urbanization (population growth)
resulting to high pressure on the land. (Akpan et al.,
2009) have made Observations in Nanka and Oko
2009, identified that the prime contribution of poor
land management practices towards the development
of gullies as shown in (Table 1) were the primary
causes of gully erosion in South-Eastern Nigeria.

Table: 1 Causes of Gully Erosion in Nanka and Oko Nigeria

Road without proper drainage or catchments pits
Unguided cultivation that causes flooding

ANENENENENENEN

Poor drainage system

Indiscriminate channelling of flood water on sloped terrain, especially in loose soil structure area
Intense rainfall on metal roofs without drain, which congregate to form large unguided water channels.
Large crack in hills that form flood channels especially on loose soil ecological terrain

Grading of roads, thereby reducing road levels and creating waterways

Source: Akpan et al 2009

Nyanganji (2010) have summarised the major causes
gullies in Postiskum Northern -Eastern parts of
Nigeria as presented in (Table 2), through the use of
survey and questionnaire showed that above 60% of
the respondents attributed the causes of gully erosion

in School area of Postiskum town to the nature of soil
and sand mining and 21.7% and 6.7% attributed the
causes to lack of vegetation cover and poor farming
techniques respectively while 5% attributed the cause
to road construction.

Table 2: Perceived causes of gully erosion in postiskum north-eastern Nigeria

Perception Number of respondent Percentage
Poor farming system 5 6.7
Lack of vegetation cover 12 21.7
Road construction 3 5.0
Nature of the soil 25 43.3
Sand mining 15 23.3
Others activities 0 0.0
Total 60 100

Source: Nyanganji (2010)

Causes of Gully Erosion in Nigeria

Destruction of Land/Environment

Nigeria is not an exception as far as this problem of
gully erosion concerned. In the view of Enabor
(1988) who estimated that 30 million tonnes of soil
were lost on annual basis from both rural and urban
environments. According to Morenike (2015), in his
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assessment studies on the effect of urban growth in
the intensification of gully erosion in Samaru Zaria,
area of Kaduna State , revealed that gullies were
shallows in 1980-1996 and larger in 2000-2015.
Observed that there was accelerated increase in the
growth of gully depth and width due increased land
area used as shown in Table 3.
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Table: 3. Some Gully Points at Samaru Zaria Nigeria

Cross profile

point Gully at point A Gully at point B Gully at point C
Years Depth Width Depth ( Width Depth Width
(m) (m) m) (m) (m) (m)
1980 0.4 135 15 150 2.0 170
1996 24 145 4.0 190 205 3.0
2000 31 143 6.0 220 210 6.0
2015 4.0 150 8.0 225 225 10.5

Source : field survey at samaru (2015)

numerous problems and resulting in heavy economic,
According to Jeje (2005)an estimated of about human and social losses in many cities in south
531,417.6 and 329,436.5 tonnes of sediment were western Nigeria. By location, South West Nigeria is

removed from gullies in Auchi and lkpoba slope, in the tropics and so the factors responsible for the
Benin City respectively. Apparently, soil erosion has soil erosion tend to be difficult to determine. Igwe et
been recognized not only within the rural but also in al, (2017). Mahmud et al (2018) reported that

urban environment for years in Nigeria and in many in urban area of Dokodza and Darachita of Bida town

other parts of the world as evident in the works of of Niger State north- central region of Nigeria, gully

(Ibitoye, 2006). erosion had cause a considerable damage, the finding
of the studies revealed that, there was persistence

Hughes et al. (2001) and Wall et al. (2003) observed claimed in a total land area of as well as gullies

that gullies appear to be an urban phenomenon and length in the area as illustrated in Table 5.

has been occurring at unprecedented rates, creating

Table: 5 Effect of gully erosion on Land area and length in Bida Town of Niger State of Nigeria

Dokodza Town Darachita Town

Years Land area Gully Length Years Land Area Gully

2015 132.6m? 173.4m 2015 397.3 m? 344.2m

2010 476.1m? 202.3m 2016 2576.0 m? 444.8m

2015 1275.2m? 319m

Source: Mahmud et al (2018) Maringa and 52.239 kg/ha/year in Tumsi and

extremely make the land un useful to agriculture.

Destruction of Farm land

According to (Adeniji, 2003; Splash, Sheet, Rill and According to Babayi. (2012) gully erosion has caused
Gully erosion in the north-eastern sub region of considerable damage to farmlands in Bangshika and
Nigeria may account for as much as 21tons of top soil still posing a serious challenge to other arable lands
loss per hectare per year. Egboka et al. (1990) (Plates 1). However, from the result of study
observed that large areas of agricultural lands are conducted it showed that 40% of inhabitants of the
becoming unsuitable for cultivation as erosion area have their houses under threat by gully erosion,
destroys farmlands and lowers agricultural while 73% of farmlands in the area are affected by
productivity, similarly Pimentel et al. (1995) erosion at different stages of development (Plates 3).
observed that loss of agricultural output is one of the An estimated average decline of 22% in farm
greatest economic costs of gully erosion. Madu productivity was observed right from the time the
(2017) revealed that gullies may account of mars of land was put under cultivation to date, due to decline
soil loss of 28.446kg/halyear in Kigir, 30.050 in soil fertility.

kg/ha/year Piku, 35.170 kg/ha/year in Garwanshina,
48.229 kg/halyear in Daura, 48.467 kg/halyear in

S N2 ;" 1 ah - So :
R 1‘ = )
) " = "F

Plate 1: Gully erosion at farm level in Bangshika, Adamawa (sources Babéyi. 2012)
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Destruction of infrastructures

According to Mala.M, (2015) reported that, the
rainfall intensity at the period of fieldwork (2008) in
Maiduguri north-eastern Nigeria increases the gullies
size and posed serious threat to buildings at the
mobile police barracks and even some outside the
barracks fence. The gullying processes had force
some boy’s quarters to be abandoned. And many
buildings outside the barracks fence were at the verge
of collapsing into the channels as presented in (plate
3).

Plate 3: Cut off Road by Gully Erosion behind
Mobile Police Barrack Maiduguri, Borno  State

Enuvie et al. (2010) observed that in south-eastern
Nigeria, gully erosion is responsible for the
widespread degradation of arable land, destruction of
homes, transportation and communication systems,
contamination of water supply, isolation of
settlements, migration of communities etc. Akande,
(2002) reported that several properties whose value
cannot be quantified accurately here have been
destroyed and others are under treat by this menace
especially houses and other properties located on the
floodplain. About 10 houses have been lost in a
single event of gully erosion in Auchi area of Edo
State. Besides, it was reported recently that over 450
buildings are lost in Edo State of Nigeria as a result
of erosion (NTA News, Sunday 6th July 2013). On a
separate note, Committee on Erosion and Ecological
matter recently discovered 15 gully sites in Bida,
Niger State of Nigeria (NTA Minna News,
Wednesday 17th July 2013). Apart from untimely
evacuation from these gully sites, infrastructural
facilities such as pipelines, utility cables, roads and
houses also suffer from these hazardous events (plate
4 —plate 7).

Plate 4 school in Sokoto under Risk of gully Sokoto
(Akpokodje, et al. 2010)

Plate 5:
2010)

3 ',;‘; A &

Plate: 5 Exposure of utility cable by gully erosion,
Minna, Niger State of Nigeria (Personal photo taken
by the leading author, 2012)

(2017))
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Umuaka Gully site Enuvie (Akpokodije, et al.

Plate: 6 A GIIy Site inmbe iIIed with waste (Yila et al
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Loss on Lives

Many lives have been lost as a result of the problem
of gully erosion. 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. About 23 people
have been reported in the past few years to have lost
their lives in a single event of gullying activities in,
Ibori, Ugbalo, Ewu-Eguare, ldogalo and Oludide
communities of Edo State, Nigeria. Millions of
people have been displaced and evacuated their
homes following the gully incidences. The gully
erosion in Oko community in Anambra State has
created a deep gully and wide crater, threatening to
sweep away the homes of about 826 families as this
channel is continuously expanding at an alarming
rate.

Isolation of Villages and Towns

Gully erosion has resulted in the separation of
adjacent villages and towns as it may involve
collapse of the bridges linking them together. This
has had negative impacts on such areas since some
facilities such as schools, hospitals and water supplies
shared by the affected neighbouring communities
may become inaccessible. Transportation of farm
produce has also been affected and this also often
leads to loss of agricultural products especially the
perishable ones. Traders who also go to these areas
for their trade are also cut off from their normal day-
to-day business (Plate 10).

> - 5 e A =
TR, A W =

Plate: 10 Road hazard resulting from gully erosion at

Orlu/Mgbee road (Imo state, 2012)

Proposed Solutions to Gully Erosion Menace in

Nigeria

As earlier mentioned, poor farming techniques were

found to be a contributing factor to the growth of

gully erosion. Therefore, Akpan et al (2009); Adeniji,

(2003); and Nyanganji (2010), suggested the

following solutions:

(1) Improved farming practice reduces gully erosion
process to the barest minimum limit.

(2) Refuse dump along the river impedes flow of
water which leads to flooding especially during
heavy rainfall. Therefore, dumping of refuse on

_
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the river channels and floodplains should be
prohibited. Government at all levels should enact
and enforce laws to discourage such ugly
activities.

Gullies that run-down to the river banks require
mechanical protection by way of erecting
permanent concrete structures to protect
slumping and carving.

Built-up areas around the close to the main road
should be provided with concrete drainage
channels which can effectively collect increased
raindrops from galvanized house roofs.

Man activities other than agriculture, such as
excavation of earth / sand mining and bricks-
making which aggravated the erosion processes
should be confined to specific location rather
than dotted activities along the valley

Cultural method (also called vegetative
techniques by Simpson, (2010) of erosion control
has been found to be a cheap and effective
method. Planting of trees have also been found to
be effective in controlling erosion.

Inadequate awareness of effects of human
activities on both floodplain and river channels
contribute to misuse of these areas. Therefore,
there should be general enlightenment campaign
on the dangers posed by gully erosion and human
activities that promote them.

Efforts should also be made by relevant
authorities to enact a law against location of
engineering structures on waterways.

The government at all levels in Nigeria should
take it as matter of urgency to yield to addressing
issues relating to erosion especially gully erosion
at an early stage so as to avoid loss of lives of
Nigerian people and their properties.

©)

(4)

()

(6)

()

(8)

©)

CONCLUSION

Challenges of Gully Erosion control and difficulties
in management were critically reviewed. According
to the study, gully erosion in the north-eastern sub-
region of Nigeria may account for as much as 21tons
of top soil loss per hectare per year which is large
amount. Therefore, the study showed that the major
cause of such problems are farming practice,
dumping of refuse around waterways and human
activities which amount for major challenge of gully
erosion management in Nigeria. However, combined
action of agriculturists, geographers, engineers, soil
and water conservation specialists, foresters and other
specialists in soil morphology, soil physics, ecology,
land use, oil and nature conservation in addition with
an integrated research programme the challenge can
be overcome.

RECOMMENDATION

There is need for consorted plan to conserve the soil,
and effective soil conservation must be based on an
adequate knowledge of the environment. We are of
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the considered opinion that necessary information on
the subject can only be procured through combined
action by agriculturists, geographers, engineers,
foresters and other specialists in soil morphology, soil
physics, ecology, land use, oil and nature
conservation. An integrated research programme is
what is required and Nigeria can boast of competent
people in these areas to carry out its feasibility and
other studies aimed at effective soil conservation in
the country. If for any reason there is proven need to
use foreign consultants in specific aspects of such
studies, our advice is that they should be made to
work  with  competent  Nigerians who are
knowledgeable not only in their specific fields of
interest, but also, and perhaps more importantly,
about the Nigerian environment.
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