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Abstract
Objectives: To assess gully erosion in parts of Enugu north, Southeastern
Nigeria using some geotechnical parameters. Method: The soil samples were
collected from different gully point and some geotechnical parameters was
analyzed in Soil Science Department, University of Nigeria in accordance with
the specified standard procedures. Finding: The assessment of gully erosion in
parts of Enugu north, southeastern Nigeria, has been carried out. Soil samples
were collected from the four major gully points, at the depth range of 0.5 to 1.0
m using soil auger, core samplers and hammer. The soil classification shows
that the textural characteristics were predominantly sandy, loamy and clayey.
Liquid limit (LL) ranged from 16.67 to 46.89%. Plastic limit (PL) was 33.45% in
Igbo-Eze South and 22.38% in Nsukka. None plastic limit were observed in Igbo-
Eze North and Udenu. Percentage plasticity index (PI) of 13.44% was depicted
in Igbo-Eze South and 9.90% in Nsukka. Zero plasticity indexes were noted in
Igbo-Eze North and Udenu. Bulk density test ranged from 1.39 to 1.56 g/cm3.
Porosity ranged from 41.13 to 47.55%. The hydraulic conductivity andmoisture
content are ranged from 8.89 to 22.73 m/day and 7.07 to 31.73% respectively.
These results indicate presence of coarse sand, fine sand, low amount of clay
and silt in small proportion, loosed soil with low bindingmaterials, instability of
soil structure, low moisture content and other bio-activities that contribute to
the rate of increase of gully erosion in the study area. Novelty : The estimated
geotechnical parameters, including Atterberg limit (plastic limit, liquid limit
and plasticity index), hydraulic conductivity of the soil, soil aggregate stability,
particle size distribution, bulk density, total porosity proffers solutions to the
gully problem in the area.

Keywords: Enugu north; gully erosion; geotechnical

1 Introduction
One of the geological hazards predominantly known in Enugu state, southeastern
Nigeria, is the disastrous effects of gully erosion. Gully erosion is natural geologic
hazards which occurs when the layers of soil is detached and transported by
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natural agents such as running water, wind, etc., which normally results in soil loss, land degradation, dissection of road and
affect agricultural productivity. However, Southeastern Nigeria is one of the regions that are known with calamitous effect of
the gully erosion. (1) maintain that geologic hazard has been a serious environmental problem in the southeastern Nigeria,
causing the degradation of lands, and destruction of civil engineering infrastructures. Gully erosion hazard has remained
active over the years, devastating the physical ecology of large part of southeastern Nigeria by (2,3) noted that the formation of
gullies is one of the greatest environmental disasters in Nigeria especially Southeastern zone, destroying agricultural land and
constitute a menace in community-based development. (4) observed that gully erosion is an endemic environmental problem
in southeastern Nigeria. (5) stated that geologic erosion constitutes a serious problem in southeastern Nigeria. (6) indicated that
the highest concentration of severe gully erosion in Nigeria is found in five Eastern states; Anambra, Enugu, Abia, Imo, and
Akwa Ibom. Gully erosion in Southeast Nigeria has continued to pose a challenge to Geoscientist and other environmental
scientist by (7,8) identified that the gully erosion is ofmajor concern in the southeastern part ofNigeria. Gully erosion has become
one of the worst environmental disasters that many towns and villages in Southeastern Nigeria had to contend with over the
years by (9) and (10). Southeastern part of Nigeria is more affected by erosion than its northeastern counterpart by (11). However,
previous research has shown that one of the causes of gully erosion in most of the area; especially in southeastern Nigeria is
the human activities on the soil and geotechnical parameters of the soil within the area. (2) evaluated geologic conditions and
geotechnical parameters that influence the formation of gullies at Ekwulobia, Oko and Nanka Towns of Southeastern Nigeria,
and indicate that soil materials (lithology) which are mostly loosed sands with low percentage of silt/clay fractions are the
cause of gully erosion in the area. (12) assessed the geotechnical parameters for the formation of gully erosion in Mbaukwu
town of southeastern Nigeria and observed that geotechnical investigation and laboratory analysis showed that the soil in their
study area is majorly loose sand. Other research work has been carried out by (4,13–24), on soil and its geotechnical parameters
in southeastern Nigeria and other areas. (12) stated that maximum dry density values are generally low which indicates that
the soils are unconsolidated and friable. (13) remarked that the low cation exchange capacity and low amount of fines fraction,
show that soils at gully sites are loose sands, cohesionless, and are easily exposed to agents/factors of gully erosion. The gully
development increases once the underlying cohesionless soil with high void ratio and low porosity is penetrated by (2).

Fig 1. Part of the gully erosion within the study area.

Enugu state is one of the States located in southeastern Nigeria that have been deeply affected by gully erosion as stated
by (1). The local governments in Enugu state that are especially exposed to this erosion menace include; Igbo-Eze north, Udenu,
Nsukka and Igbo-Eze south Local Government Areas. These local government areas are the major concern for this present
work. Figure 1 is the part of gully menace in the study area. Hence, in this study, an attempt has been made to employ applicable
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laboratory tests to evaluate and assess properties of the soil within the gully site. The assessment mainly intended to provide
geotechnical parameters that include; Atterberg limit (plastic limit, liquid limit and plasticity index), hydraulic conductivity of
the soil, soil aggregate stability, particle size distribution, bulk density, total porosity of the soil and moisture content of the soil
which contribute immensely to gully development and to study the influence of behavior of the sandy soil in the study area.

1.1 Location and geology of the study area
The study area is located in Enugu north, Southeastern Nigeria. Figure 2 shows the location map of the study area. The study
area is bounded by Latitude 6 40′0′′N to 7 10′0′′N and Longitude 7 15′0′′E to 7 45′0′′E. The study area encompasses four local
government areas including; Igbo-Eze north, Udenu, Nsukka and Igbo-Eze south. The soil samples were collected from the
major gullies such asObollo-Etiti, Umuitodo, Ugo-Iheaka, Ekoyi Iheaka, Onuiyi roadNsukka, Alor-Uno,Olido and Ichi-Unadu
gully sites. This zone belongs to Udi-Nsukka plateau, pair of plateaus in south-central Nigeria that form a nearly continuous
elevated area. The Nsukka plateau, which forms the main eastward-facing escarpment, extends about 80 miles (130 km) from
Nsukka in the north to Enugu in the south. The topography of the zone is undulating making the flow of water to be irregular
in nature. There are dispersed mountains and hills within the zone, and these contributes approximately to the land slopes as
well as unstable elevated geological formation in the area, which may also be attributed to either ancient tectonic activity or
erosion processes.

Fig 2. Location map of parts of Enugu north.

The geology of Enugu north falls under Anambra Basin which consist of six major rock formations; Enugu shale, Agwu
shale, Mamu formation, Ajali formation, Nsukka formation and Imo shale formation. These rocks are grouped into four
formations namely: Mamu formation, Ajali Sandstone, Nsukka Formation, and Imo Shale Formation as inferred by (25).
Sediments deposited within this time interval occur in four distinct physiographic provinces, namely the Cross River plains,
the Escarpment, the Plateau and the Anambra Plains. Some of these sediments are of considerable economic importance
and contain reserves of coal, natural gas, glass sands and considerable prospects for liquid hydrocarbon according to (26). The
topography is aptly defined by the Nsukka-Okigwe cuesta which stretches from Eha Alumona to Obollo Afor as its higher limit
and Eha-Amufu as the lower limit. A loose sandy ferrallitic soil type occupies two thirds of the area with a loamy clay type in the
remaining area. The vegetation type is the derived guinea woodland savannah with grass tufts which are deficient as soil cover.
The major land use in the area is agronomy. (27) remarked that subsistence agriculture is the predominant occupation in this
vegetation zone. Buildings and road construction are other land-use. During the Benue Rift formation, the Nsukka region was
part of the Anambra syncline which filled up with Upper Cretaceous (Turonian-Maastrichtian) and to minor extent Paleocene
(Danian) sediments as stated by (28) and (29). The prominent Nsukka Cuesta was formed during the Lower Tertiary by minor
compression and subsequent removal of the eastern limb of the anticline by (30). The steep east-facing scarp forms the divide
between the drainage basin of theCross River and theRiverNiger.TheCuesta consists of theAjali sandstone in the upper section
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and the Mamu lower coal measures at its base. The Ajali sandstone is composed of a very friable, medium- to coarse-grained
subrounded quartz arenite in amassive herringbone cross-bedded formation of up to 540m thick by (31). White-coloured sands
are overlain by red, iron- stained sands with thin interstitial, laterally persistent pale grey clay lamina by (32) and (33). Figure 3
shows the geology map of the study area.

Fig 3. Geology map of the study area.

2 Materials and Method
In other to assess the influence of soil properties in the formation and development of gullies in the study area, geotechnical
investigationwere carried out which include both field and laboratory studies. Four well- distributed soil samples were collected
from eachmajor gully sites and packaged in polythene bags for laboratory analysis.The samples were collected within the depth
range of 0.5 to 1.0 m using soil auger, five core samplers and hammer. The soil samples collected from the field were analyzed
in the laboratory. The geotechnical parameters applied include; Atterberg limit (liquid limit, plastic limit and plasticity index),
particle size distribution, porosity test, permeability or hydraulic conductivity test, aggregate stability, bulk density andmoisture
content were determined. The laboratory analyses were conducted at the Soil Science Department Laboratory of the University
of Nigeria, Nsukka and were all performed in accordance with the specified standard procedures.

The Atterberg limits test are the test carried out on soil to determine the basic measurement of the nature of a fine-grained
soil. This is determined by knowing the boundaries and different nature of the consistency of soil properties and moisture
content based on plastic limit, liquid limit and plasticity index.The description was in terms of water content needed to produce
specified degrees of consistency which could bemeasured. According to (24), Liquid limit, plastic limit, plasticity index, liquidity
index and relative consistency are some of the soil parameters determined through Atterberg limit test. These parameters help
to determine the plasticity and clay content of a soil sample.

The Liquid Limit (LL) is the moisture content at which the soil mass flow under an applied force or the arbitrary limit of
water content at which the soil is just about to pass from the plastic state into the liquid state. The LL was obtained by applying
mortar with rubber-covered pestle, glass plate, liquid limit device, grooving tool and using 100 g of the stiff paste of soil sample
thoroughly mixed with distilled water. 10 g of soil was removed which flowed together and weighed to 0.01 g and dried in an
oven at 110 °C. From this, the percentages LL were obtained in the range of blows between 12 and 38 with some above and
below 25 blows. The Plastic Limit (PL) determines the water content at which the behavior of a clayey soil changes from plastic
to liquid or seen as the water content where soil starts to exhibit plastic behavior. This was obtained by using 15 g of the stiff
soil paste. The soil was weighed to 0.01 g and dried in the oven at 110 °C. The plastic limit was calculated when the soil sample
begins to crumble when it reaches a diameter of 3 mm.

Plasticity index (PI) represents the range of soil moisture content over which soil is plastic. It involves the difference between
liquid limit (LL) and plastic limit. PI was achieved by applying the expression;

PI = LL−PL (1)
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The permeability test, which can also be called hydraulic conductivity, is the measure of the ability of water to flow through
the soil. It can also be seen as a property of soil and rocks that describes the ease with which a fluid can move through the
pore spaces or fractures. A flow model for this condition was developed in 1856 by Henri Darcy. He considered water flow in
uniform, saturated soil column by relating the outflow per unit time to the cross sectional area of the flow channel and the
difference in hydraulic heads between the inflow and outflow sections of the soil column. Undisturbed soil core sample in 7.6
cm cylinder, flat bottom flask equipped with 1.9 cm glass tubing, 250 cm3 Erlenmeyer Flask, ring stand and 2 rings, hardware
cloth, glass wool, 3 cm rubber bands, 20 mesh sieve 7.6 cm in diameter were used to obtain hydraulic conductivity of the soil.
A simplified and widely used mathematical relation was used to obtain hydraulic conductivity, which is of the form;

q = − k
∆H
L

(2)

Where q is flux (outflow through a given cross sectional area per unit time), k is the hydraulic conductivity, and ∆H
L is the

hydraulic head gradient. The permeability classes of the soil according to Soil Conservation Service (SCS) as stated by (34) were
employed in this present study.

Particle size distribution has to do with the proportions by dry mass of soil distributed over specified particle-size ranges
or the rate of movement of water in the soil, that is how fast or slow water moves in the soil. The purpose of the particle
size distribution that was applied in this research work is to classify soil based on the textual class, which entails whether it is
predominantly sandy, loamy or clayey. Through this, the percentage of clay in the soil, silt percentage, fine sand percentage, and
coarse sand percentage were determined. The soil particle size distribution was obtained with 50g of the sieved sample in the
dispersion cup filled with distilled water and 25 cm3 of 10% sodium hexametaphosphate solution. The following deductions
were made to arrive at the particle size distribution result:

40 Seconds reading (for derivation of % sand(
40 seconds hydrometer reading

mass o f sample
×100

)
% = %(Silt +Clay) (3)

100% − (% Silt + Clay) = % Sand (4)

2 Hours reading (for derivation of % clay)(
2 hours reading
mass o f sample

×100
)

% = %Clay (5)

100% − (%Sand + %Clay) = %Silt (6)

Percentage o f each f raction =
mass o f each f raction

mass o f H2 O2 − treated sample
x 100% (7)

Soil aggregate stability is a measure of the ability of soil to resist degradation when exposed to external forces such as water
erosion and wind erosion, shrinking and swelling processes, and tillage according to (35,36). (37) opined that aggregate stability is
the combination of soil nutrient cycling, chemical and biological properties that show soil quality. Soil structural relationships
are manifested in several ways including the degree of soil aggregation (aggregate stability and aggregation formation). Clay
particles form into cluster through bonding forces forming large particles called aggregates. Some of these aggregates break
down when subjected to action of rain, wind, agricultural management, climate, soil biological factors, wetting and drying, etc.
Soil sample was dried in the oven at 60 °C and 25 g of the aggregates were weighed out and sieved.The aggregate stability ending
results was substituted in expression in equations below:

% water− stable aggregates (WSA) =
mass o f WSA

mass o f sample
x 100% (8)

Aggregate stability =
mass o f WSA−mass o f sand

mass o f sample−mass o f sand
x 100% (9)
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Mean−weight diameter (MWD) = ∑n
i=1 xi mi (10)

Where n is the number of sieves used (4 sieve was used), xi is the mean diameter of aggregates retained on the ith sieve size
(mm), and mi is the proportion on mass basis of aggregates retained on the ith sieve. The aggregates < 0.25 mm are said to be
unstable, WSA is the water stable aggregates.

The soil porosity refers to the amount of pores, or open space between soil particles. It can also be seen as an index of the
volume of pores in a soil relative to the bulk volume of the soil that is the volume of the soil in its natural state. On the other
hand, soil bulk density is an indication of the degree of its looseness or compaction. It is affected by swelling and shrinking
characteristics of the soil. Soil bulk density tends to increase with soil profile depth because of decreased disturbance and
increased overburden. Soil bulk density can be expressed on either dry or wet basis. Since moisture content of a soil can be
highly variable even within a day, expression on dry basis is deemed preferable for uniformity’ sake and for ease of comparison
among soils. Therefore, total porosity, bulk density and moisture content were determined using 7.6 cm x 7.6 cm cylinders,
sample bags for soil cylinders, 20 mesh sieves 7.6 cm in diameter, soaking pan, tension table, forced draft oven and balance. A
rough average of the amount of water held by the soil between field capacity and the wilting point is 45.7% of the total water
held at field capacity. This value varies with soils and the final results were obtained by using the expression in equations below:

Bulk density, ρ =
oven−dried mass o f soil in megagrams

volume o f cylinder in cubic metre
(11)

Total porosity, ∅ =
volume o f water in soil at saturation

volume o f cylinder
(12)

Air space porosity, ∅a =
volume o f water drained at 60cm o f tension

volume o f cylinder in cubic metre
×100 (13)

capillary porosity ∅w =
volume o f water retained at 60cm o f tension

volume o f cylinder in cubic metre
×100 (14)

Soil gravimetric moisture content, Θm =
mass o f water in soil

oven−dried mass o f soil
×100 (15)

Soil volumetric moisture content, Θv =
volume o f water in soil

volume o f cylinder
×100 (15)

Centimetres o f available water in a metre o f soil =
Θv

100
×0.457 ×100 cm (16)

3 Results and discussion
hows the summary results of the particle size distribution samples. The soil classification shows that the textural characteristics
were predominantly sandy, loamy or clayey, with percentage clay ranged from 8 to 18%, percentage silt ranged from 3 to 9%,
percentage fine sand ranged from 20 to 38% and percentage coarse sand ranged from 29 to 69%. The particle size distribution
results indicate that the study areas were majorly dominated with fine and coarse sandy soil with low amount of layers of clay
and silt in such small proportion. The implication is that the presence of this sandy soil contributes immensely to the gully
erosion menace in the area, as its porosity and permeability nature are weak to erosion protective capacity. These agree with (38)

who observed that the soil that is generally poorly sorted with poor drained material decreases in cohesion and resistance to
soil cracking.
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Table 1. Summary result of particle size distribution.
Sample Description Textual Class % Clay % Silt % Fine Sand (F.S) % Coarse Sand (C.S)
IGBO-EZE SOUTH L.G.A Sandy Loam 14 3 38 45
IGBO-EZE NORTH L.G.A Loam Sand 8 3 22 67
NSUKKA L. G. A Sandy Loam 18 9 44 29
UDENU L. G. A Loam Sand 8 3 20 69

Table 2 shows the summary result of Atterberg Limit.The liquid and plastic limits results were used to obtain the plasticity
index result which is a measure of the plasticity of the soil. The laboratory result of percentage liquid limit (LL) ranges from
16.67 to 46.89%, percentage plastic limit (PL) values of 33.45% in Igbo-Eze south and 22.38% in Nsukka were depicted. None
plastic limit were observed in Igbo-Eze north and Udenu. Percentage plasticity index (PI) of 13.44% in Igbo-Eze South and
9.90% in Nsukka were estimated, while zero plasticity indexes in Igbo-Eze North and Udenu were observed. The LL samples
for Igbo-Eze north and Udenu were NP (Non plastic), therefore their corresponding plasticity indexes (PI) were zero; and this
correspond to (39). The NP result indicates that the soil of the gully from where the samples were taken is loose, friable, low
binding materials and less cohesive. However, the gully samples of Igbo-Eze south and Nsukka were observed to have low value
of plastic limit which are in accordance with (40), who pointed out that PL < 35% should be considered low plasticity indicating
low content of fine materials and also shows that the soil in the area may change from one state of consistency to another
with minimum change in water content. Consequently, Nsukka and Igbo-Eze south gully samples showed low and medium
plasticity index respectively. These were confirmed from the work of (39) that the medium value is an indication that the soil
content in the area is relatively stable compared to other samples. The low value shows that the soil within the area has high rate
of instability and susceptible to erosion. Therefore, from the observation of the four sample results, the soil is non-cohesive and
non-plastic, which are the soil properties that contribute immensely to the gully menace in the area. The same factors create
room with which the water flow with ease with increase in velocity, moving soil particle down to other side and creating deep
gully because of less or no resistive materials. (41) opined that the rate of detachment of soil particles decreases as the extent of
cementation increases.

Table 2.The Summary of soil Atterberg Limit
Sample
Descrip-
tion

No. of
Blows

Empty
weight of
can

Fresh
weight of
can

Oven dry
weight of
can

Weight of
moisture

Oven dry
weight of soil
only

% Liquid
Limit(LL)

% Plastic
limit (PL)

Plasticiy
Index
(IP)

Igbo-Eze
south

21 16.96 22.16 20.50 1.66 3.54 46.89 33.45 13.44

Igbo-eze
north

10 16.12 24.51 23.36 1.15 7.24 15.88 NP 0

Nsukka 16 15.15 22.65 20.82 1.83 5.67 32.28 22.38 9.90
Udenu 7 13.84 21.54 20.44 1.10 6.60 16.67 NP 0

Table 3 is the summary table for percentage soil aggregate stability for the four gully samples. It ranges from 10.68 to 45.59%.
The result indicates that the gully samples from Igbo-Eze north, Nsukka and Udenu with moderate stability show that within
these areas, the samples have the ability to resist to some certain extent the degradation when exposed to external forces such
as water erosion, wind erosion, shrinking and swelling process. Therefore, the textural class dominated in these areas is more
of clay soil, because clay particles form into cluster through bonding forces to form large particles called aggregates. The gully
sample located within Igbo-Eze south with low aggregate stability value of 10.48% indicates that the soil structures in these
areas are unstable and have less or no resistive capacity to degradation when exposed to external forces like water erosion, wind
erosion, etc, and is suspected to have textural class of sandy loam.
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Table 3.The percentage of Soil Aggregate Stability.
Sample Descrip-
tion

2mm 1mm 0.5mm 0.25mm <25mm Weight of
sand

Mean weight diame-
ter(mm)

% Aggregate
stability

Igbo-Eze south
1.41 1.12 4.01 8.95 9.51 4.38 - 10.68
0.19035 0.0672 0.1203 0.13425 0.04755 - 05595 -

Igbo-eze North
6.19 3.04 4.67 6.64 4.46 7.01 - 38.30
0.83565 0.1824 0.1401 0.0996 0.0223 - 1.2801 -

Nsukka
7.16 2.58 3.36 4.19 7.71 3.13 - 45.59
0.9666 0.1548 0.1008 0.06285 0.03855 - 1.3236 -

Udenu
1.05 3.44 5.12 7.90 7.43 7.90 - 34.20
0.14175 0.2064 0.1536 0.1185 0.03745 - 0.6577 -

Table 4 shows the summary results of hydraulic conductivity, soil bulk density, total porosity andmoisture content of the soil.
The percentage medium moisture content were observed within Nsukka gully sample and Igbo-Eze south gully sample with
percentagemoisture content values of 31.75% and 24.38% respectively.These results show that the soil texture within these areas
contains slightly a volume of clay soil that tends to retain or hold water a little while. The moisture content shows a decrease
in value within Igbo-Eze North and Udenu gully samples with percentage moisture content of 7.07% and 8.34% respectively.
The low moisture content value shows that the soils are loose and hence cannot hold much water longer enough. Therefore, the
low moisture contents of the subsurface soils lead to low capacity for water retention during rainfall. According to (42), such low
moisture contents causes breakdown on the grain-to-grain forces that existed in the soil. The soil bulk density test conducted
on the four gully samples varies from 1.39 to 1.56g/cm3. The results indicate that the bulk density of soil is relatively low, poorly
consolidated, and this indicates that the soils are not compacted but very loose and therefore prone to erosion.The value of these
bulk density values are within the low value range as stated by (24). However, the value percentage of total porosity ranged from
41.13 to 47.55%. The results show that the gully sample within Igbo-Eze south and Nsukka have relatively medium porosity,
which indicates that the soil particle texture contains more of sandy soil which have larger macro-pores. Within Igbo-Eze north
and Udenu, the porosity values were seen to have a little decrease in porosity value which indicates that the soil contains more
of fine textures such as clay or silt soil which has micro porosity. Therefore, it is pertinent to state that finely textured soils like
clay or silt with micro-pores and coarse soil such as sandy soil with macro-pores can have large pores known as bio-pores.
These bio-pores are the spaces between soil particles created by termites, earthworms or decaying plant roots. These large pores
increase the rate at which water permeate the soil, and therefore, increases the rate at which the erosion occur in the area. In the
same way, the hydraulic conductivity which determines how the fluid passes through the pores and fractured rocks has range
of values from 8.89 to 22.73m/day. These results indicate that area with low value of conductivity were majorly dominated with
silt, clay soil or the compatibility of soil is high, whereas area with relatively increase in hydraulic conductivity value shows that
the textural class is more of loose materials such as sandy soil or the area with more of biological activities like decays of roots
crop and activities of other insect. (43) states that the hydraulic conductivity is estimated based on grain size or published range
of values for common geological media. Therefore, the relatively high range of value of hydraulic conductivity shows that the
area has low protective capacity and hence increases erosion in the area.

Table 4. Summary results for hydraulic conductivity, bulk density, porosity and moisture content.
S/N Sample Description Hydraulic Conductivity (Perme-

ability) (m/day)
Bulk Density
(g/cm3)

% Total Porosity % Moisture Con-
tent

1 Igbo-Eze south L.G.A 8.89 1.39 47.55 24.38
2 Igbo-Eze north L.G.A 16.16 1.56 41.13 7.07
3 Nsukka L. G. A 14.14 1.45 45.28 31.75
4 Udenu L. G. A 22.73 1.55 41.51 8.34

However, the geotechnical survey results involving; Atterberg limit, soil aggregate stability, particle size distribution,
hydraulic conductivity, bulk density, total porosity and percentage moisture content obtained in parts of Enugu north, which is
located in Anambra Basin, Southeastern Nigeria, shows that samples from Udenu and Igbo-Eze north (Table 1 ) have more of
coarse sand that form major contribution to the menace of gully erosion in the area. More fine sand is mostly seen within the
samples ofNsukka and Igbo-Eze south.These results agreewith thework of (2) that SoutheasternNigeria aremostly loosed sands
with low percentage of silt/clay fractions which causes gully erosion in the area. The non plastic liquid limit observed in Igbo-
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Eze north and Udenu samples indicates that the characteristics of soil within the area is loosed, friable, low binding materials
and are less cohesive, which implies that the soil particles detach with ease as the soil do not have any resistivematerial.This is in
agreement with (13) that when soil is more of loosed sand showing cohesionless characteristics, they are easily exposed to agents
of gully erosion. In Igbo-Eze south, sample indicates that the soil is unstable which contributes to the erosion menace in the
area. It is worthy to note that the increase of soil pores in some study area was induced by other characteristics of bio-activities
like termites, earthworm and decaying plant root. When these bio-activities take place in such area, it then increases the rate at
which water permeate the soil and increase erosion rate in the area.

4 Conclusion
The geotechnical analysis carried out in parts of Enugu north, depicts that there are factors responsible for the menace of gully
erosion in the area.The presence of coarse sand, fine sand and low amount of clay and silt in small proportion greatly influences
the gully erosion in the area. Anothermajor contributing factor to the increase of erosion in the area is the loosed characteristics
of the soil, its friability and low binding materials with less cohesive. Instability of soil structure and low moisture content as
observed also influences the rate of erosion in the area. Bio-activities such as termites, earthworm and decaying plant roots are
other factors that must be looked at, because they increase the porosity of the soil and then make water permeate so easily to
the soil and increase the rate at which erosion occur in the area. Consequently, adequate control measures such as engineering
aspect of soil control including; check-dams, construction of ditches, maintenance of roads and drainage system should be
employed to control erosion in these areas. Afforestation and other agro programs should be introduced to protect the soil
from direct impact of raindrops and runoff and maintain the moisture content and as well as stability of the soil structure in
the area.
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