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Geophysical and geotechnical conditions of soils at the study area were investigated and accessed. 
Conseinfluencestwo true representative soil samples from different locations within gully sites have been 
analyzed to evaluate geologic conditions and geotechnical parameters that influence the gullies problems. 
This study tends to evaluate geotechnical properties of the soil within the gully site. The assessment was 
mainly to provide insight on the geologic conditions and geotechnical parameters that contribute immensely 
to gully development in the study area. The findings from this research should be useful in controlling gully 
erosion in the study area. From the geotechnical analysis, textural characteristics were predominantly sandy, 
loamy and clay and silt in small proportion. Liquid limit (LL) ranged from 20.40 to 22.26 %, Plastic limit (PL) 
of 14.82 to 17.48 % were observed, with plasticity index (PI) of 5.58 and 4.78 % respectively. Bulk density 
ranged from 1.45 to 1.54 g/cm3, the total porosity ranged from 42.075 to 45.208 %. The Aggregate stability 
ranged from 33.67 to 40.24% and water holding capacity ranged from 29.507 to 30.482%. The results 
obtained show that factors responsible for the menace of gully erosion in the study area include; loose soil 
materials and dominant coarse sand. Other field observation factors include; topography, deforestation, bush 
burning that distort the texture of the soil contribute to the menace of gully erosion in the area. Hence to 
prevent these catastrophes caused by this erosion, necessary enlightenment campaigns on best agricultural 
practices that can reduce surface runoff in soil and water conservation is important. Also, strong culvert 
should be constructed at different locations in that area. 
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1. INTRODUCTION 

Soil erosion is a geo-morphological process which results in the gradual or 
quick removal of the surface layer of weathered rock or sediments by 
agents of denudation and the subsequent transportation to another 
depositional environment (Egboka, 2000). Gully erosion has been 
considered as one of the most fatal hazard that poses a serious threat to 
human existence, agricultural land, infrastructure and socio-economic 
activities (Amah et al., 2008). It is a clear form of soil degradation and 
destruction, which occurs where surface water flow become trapped in a 
small concentrated stream, and begins to erode channels in the ground 
surface, making it wider and deeper (Chikwelu and Ogbuagu, 2014).  

Gully is the worst stage of all types of soil erosion and it is a highly visible 
form of erosion, which greatly impacts on the soil’s quality and a number 
of soil functions (including the production of food and other biomass, 
water storage, filtering, and transformation, habitat and gene pool, 
physical and cultural environment for mankind, and source of raw 
materials) (Abdulfatai et al., 2014). The effect can be seen in accidents on 
the road, flooding, poor drainages and destroying road networks, washing 
away our fertile soils surfaces, and increase in water treatment coats, 
destroying buildings, fences and silting of reservoirs among others. This 
has not only cause a setback to the economy of the area but it has caused 
loss of lives and properties in millions of Naira annually. In order to 
mitigate these gullies, there is increased need for soil investigations to 
obtain information and adequate understanding of the geotechnical 
properties of the sandy soil. 

Over 2,800 active erosion sites comprising of over 1000 in Anambra, 300 
in Imo, 500 in Abia, 500 in Enugu, and 500 in Ebonyi states were relayed 
by World Igbo Environmental Foundation (WIFE) (Ojukwu, 2018). In 
Southeastern Nigeria, soil geological studies have revealed that gully 
erosion has remained active over many years, ravaging the physical 
ecology of the landscape. These have sparked interest in geotechnical and 
engineering geological issues because of how they affect foundations, 
natural resources, and building structures.  

Studies by recent researchers have attributed the formation and growth of 
gullies to the influence of human activities on geomorphologic processes. 
But previous researchers who had worked on these soils have shown that 
the primary causes of the gully erosion lie in the hydrogeological and 
geotechnical properties of the soils in the area. Researchers carried out 
research work on the sandy soils in South eastern Nigeria (Ofomata, 2016; 
Floyd, 1965; Nwajide and Hoque, 1979; Okagbue and Uma, 1987; 
Akpokodje, 2001; Okagbue and Aghamelu, 2010; Teme, 2001; Okeke and 
Enwelu, 2010; Okagbue and Ezechi, 1988). 

The aim of this study was to carry out environmental assessment of 
erosion sites. The specific objectives were to assess the geotechnical 
properties of the soil, determine the factors responsible for the erosion 
formation and recommend possible solutions to the hazard. The 
assessment was mainly to provide insight on the geologic conditions and 
geotechnical parameters that contribute immensely to gully development 
and to study the influence of the fines content on the 
mechanical/geotechnical behavior of the sandy soil in the study area.  
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2. GEOLOGY AND LOCATION OF THE STUDY AREA 

The study area Umualo village in Nsude, Udi LGA of Enugu State, 
Southeastern Nigeria is geographically bounded by coordinates of 6° 24' 
North, 7° 24' East (Figure 1). The geology of Udi falls under Anambra Basin 
which consists of six major rock formations; Enugu shale, Agwu shale, 
Mamu formation, Ajali formation, Nsukka and Imo shale formation. These 
rocks are grouped into four formations namely: Mamu formation, Ajali 
Sandstone, Nsukka Formation, and Imo Shale Formation as inferred 
(Adetona and Abu, 2013). Sediments deposited during this time period 
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 (Obiora et al., 2015). 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. Two 
thirds of the land area is made up of a loose sandy ferrallitic soil, and the 
other third is made up of a loamy clay soil. The kind of vegetation is 
derived guinea woodland savannah with sparse grass tufts serving as soil 
cover. Agronomy is the predominant land use in the region. A group 
researchers remarked that subsistence agriculture is the predominant 
occupation in this vegetation zone (John et al., 2015). Buildings and road 
construction are other land-use.  

 

Figure 1: Map of Enugu State with Udi L.G.A (Okwu- Delunzu et al., 2018). 

3. MATERIALS AND METHODS 

The materials that were used for this study include: soil sample, soil auger, 
core samplers, hammer, polythene bags and masking tape, laboratory 
equipment (measuring cylinder, sieves, beaker etc), Global positioning 
system (GPS). 

The soil evaluation which comprised field work and laboratory analyses 
were carried out. These procedures were adapted: 

(i) Field work which involves collection of soil samples along the 
selected erosion site using core sampler, polythene bags; mapping 
out the geological coordinates using GPS.  

(ii) Laboratory analysis of the samples.  

Hence, in this study, an attempt has been made to employ applicable 
laboratory tests to evaluate and assess geotechnical parameters of the soil 
within the gully site intended to give a clear view on the cause of gully on 
the site and how to control it. Soil samples designated as sample A and 
sample B were randomly collected from active erosion sites for laboratory 
analysis.  

3.1   Laboratory Analysis 

Soil particle distribution, chemical properties (organic matter, soil PH, 
exchangeable cations), hydraulic conductivity, total porosity, bulk density 
and aggregate stability were tested using different measuring instruments 
in the laboratory and results were obtained. The results were analyzed as 
follows; 

3.1.1   Bulk Density 

The soil samples collected at the erosion site were weighed to determine 
the wet weight. The sample was then dried at 1050𝐶 until a constant 
weight was reached and it was recorded as m.  

Now, the bulk density = 
𝑜𝑣𝑒𝑛 𝑑𝑟𝑦 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 (𝑣)
 = 

𝑚

 𝑣
 (1) 

But sample volume, 𝑣 = 𝜋𝑟2h = volume of the cylinder containing the 
sample 

3.1.2   Particle Size Distribution  

In determination of the percentage clay, silt and coarse sand, the following 
procedures were taken: 

(i) 50 g of the soil sample were weighed into a 50 ml shaking bottle 
and 0.1 mole of sodium hydroxide solution was added into the 
weighed sample followed by 200 ml of distilled water. This 
solution was stirred rigorously for 40 minutes.  

(ii) The suspension was decanted until the suspension was clear and 
the sediment was transferred into a 250 ml beaker and was dried 
at 1050C. It was sieved with 0.25 mm sieve and the coarse sand on 
the sieve was weighed. 

The following deductions were made to arrive at the particle size 
distribution result: 

(i) Percentage clay 

Percentage clay enables us to determine the fraction of clay in the soil 
sample. Knowing the percentage clay in the area helps to analyze the 
susceptibility of the soil in area to erosion. It was calculated using the 
equation below; 

% Clay = 
2 ℎ𝑜𝑢𝑟𝑠 𝑟𝑒𝑎𝑑𝑛𝑔 𝑜𝑓 ℎ𝑦𝑑𝑜𝑚𝑒𝑡𝑒𝑟

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑛𝑑 𝑢𝑠𝑒𝑑
× 100 =

 T2

w
× 100  (2) 

(ii) Percentage silt  

This tells us the quantity of silt that is contained in the soil sample. It is 
defined as the hydrometer reading when the soil sample is mixed for 40 
seconds ( 𝑇1) minus the hydrometer reading when it’s mixed for 2 hours 
( 𝑇2) divided by the weight of the soil sample used. 

% 𝑠𝑖𝑙𝑡 =
 𝑇1− 𝑇2

𝑤
× 100, (3) 

Where  𝑇2 = second hydrometer reading,  𝑇1 = first hydrometer reading 

(iii) Percentage Coarse sand 

The fraction of coarse sand contained in the soil was calculated using the 
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equation below; 

% Coarse sand = weight of dried sediment (W) multiplied by two. 

=> % Coarse = 2× 𝑊 (4) 

(iv) Percentage Fine sand 

% Fine = 100 – (% 𝑠𝑖𝑙𝑡 + % 𝑐𝑙𝑎𝑦 + % 𝑐𝑜𝑎𝑟𝑠𝑒) (5) 

3.1.3   Determination Of Water Holding Capacity of The Soil 

In determination of the water holding capacity of the soil, the following 
procedures were taken: 

(i) The wet weight of the sample and the core was weighed and was 
recorded as 𝑚𝑤𝑒𝑡. The sample was then dried in oven at 1050C 
and the oven dry weight too was recorded as 𝑚𝑑𝑟𝑦. 

The water retention capacity was then calculated as follows: 

% 𝑤𝑎𝑡𝑒𝑟 ℎ𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟

𝑜𝑣𝑒𝑛 𝑑𝑟𝑦 𝑠𝑜𝑖𝑙
× 100, (6) 

Where mass of water = water retained by the soil =  𝑚𝑤𝑒𝑡 −  𝑚𝑑𝑟𝑦  

Oven dry soil = oven dry weight of core containing soil sample – weight of 
empty core.  

3.1.4   Calculation Of Total Porosity 

Total porosity (T.P) can be calculated as: 

T.P = 100 (1 −
𝐵.𝐷

𝑃𝑑
),  (7) 

Where 𝑃𝑑 is constant known as the particle density = 2.65g/cm3 

3.1.5   Aggregate Stability 

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 (USDA, 2008; 
Papadopoulos et al., 2009). 

𝐴𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒 𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑊𝑆𝐴−𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑛𝑑

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒−𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑛𝑑
× 100%  (8) 

where WSA is the water stable aggregates 

3.1.6   Atterberg Limits 

The Atterberg limit test is used in determining the following parameters: 
liquid limit, plastic limit, plasticity index. Plastic Index (PI) is the difference 
between liquid limit (LL) and plastic limit (PL).   

𝑃𝐼 = 𝐿𝐿 − 𝑃𝐿 (9) 

4. RESULTS 

The results of the research work were presented and discussed as follow:           

4.1   Soil Physical and Geophysical Properties 

The soil’s physical and geophysical properties are those related to the size 
and arrangement of the solid particles, and how the movement of liquids 
through the soils is affected by the particles. The geophysical properties of 
the soil are: 

(a) Bulk density  

The bulk densities of the soil samples were calculated as; 

Bulk density = 
𝑜𝑣𝑒𝑛 𝑑𝑟𝑦 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝑠𝑎𝑚𝑝𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑣)
 = 

𝑚

 𝑣
 (10) 

For sample A 

For the soil sample A, the oven dry mass of the soil sample m = 182.4 g. 
The volume of the core sampler, v =118.81cm3. 

=> Bulk density (B.D) = 
182.4

118.81
 = 1.535 g/𝑐𝑚3 

For sample B  

For the soil sample B, the oven dry mass of the soil sample, m = 172.5 g, 
since v (volume) is the same as in A, then; 

=> Bulk density (B.D) = 
172.5

118.81
 = 1.452 g/𝑐𝑚3 

(B) Particle size distribution or textural classes. 

 (i) Percentage clay 

This was calculated using equation 2 

For sample A 

% 𝑐𝑙𝑎𝑦 =
9.8

50
× 100 =19.6 % 

For sample B 

% 𝑐𝑙𝑎𝑦 =
10.14

50
× 100 =20.28 %;  

(ii) Percentage silt  

The fraction of silt contained in the soil was determined using equation 3.  

For sample A  

% 𝑠𝑖𝑙𝑡 =
13.44−9.8

50
× 100 = 7.28 % 

For sample B 

% 𝑠𝑖𝑙𝑡 =
13.16−10.14

50
× 100 = 6.04 % 

(iii) Percentage Coarse sand 

Also, the fraction of coarse sand contained in the soil was calculated using 
the equation 4 as, 

For sample A 

% 𝑐𝑜𝑎𝑟𝑠𝑒 =
29.5

50
× 100 = 59% 

For sample B 

% 𝑐𝑜𝑎𝑟𝑠𝑒 =
30.5

50
× 100 = 61% 

(iv) Percentage Total Sand 

For sample A 

Hence, total sand =100 – (% 𝑠𝑖𝑙𝑡 + % 𝑐𝑙𝑎𝑦)  

=100 – (19.6 + 7.28)  

= 100 – 26.88 = 73.12% 

% Fine = 100 – (% 𝑠𝑖𝑙𝑡 + % 𝑐𝑙𝑎𝑦 + % 𝑐𝑜𝑎𝑟𝑠𝑒) 

=> % Fine = 100 – (7.28+19.6+59) = 14.12 % 

For sample B 

Total sand =100 – (% 𝑠𝑖𝑙𝑡 + % 𝑐𝑙𝑎𝑦) 

=> Total sand = 100 – (6.04+20.28) = 100 – 26.32 = 73.68 % 

The percentage fine sand was calculated by subtracting the sum of the 
percentage clay, silt and coarse sand from 100. This was done using 
equation 5 as; 

% Fine = 100 – (20.28 + 6.04 + 61) = 12.68 % 

(C) Water holding capacity of the soil 

For sample A 

For soil sample, A, the extent at which the soil retains water was calculated 
using the equation 6.  

=> % 𝑤𝑎𝑡𝑒𝑟 ℎ𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =
55.6

182.4
× 100 = 30.482 % 

For sample B 

Also the extent at which the soil sample, B retains water was calculated 
using equation 6 as in the soil sample, A 

=> % 𝑤𝑎𝑡𝑒𝑟 ℎ𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =
50.9

172.5
× 100 = 29.507 %  
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(D) TOTAL POROSITY 

Total porosity (T.P) was calculated using equation 7 as: 

T.P = 100 (1 −
𝐵.𝐷

𝑃𝑑
),  where pd is constant = 2.65g/cm3 

For sample A 

T.P = 100× (1 −
1.535

2.65
) = 42.075 % 

For sample B 

T.P = 100× (1 −
1.452

2.65
) = 45.208 % 

The results are summarized in the Tables 1, 2 and 3 

Table 1: Soil Physical Properties (Where SL = sandy loam) 

Sample 

Particle Size Distribution 
Water 

holding 
capacity % 

Atterberg Limit 

Textual 
class 

Clay 
(%) 

Silt 
(%) 

Fine 
sand 
(%) 

Coarse 
sand (%) 

%Liquid 
Limit (LL) 

%Plastic 
Limit (PL) 

% Plasticity 
Index (PI) 

A SL 20 7 14 59 30.482 20.40 14.82 5.58 

B SL 20 6 13 61 29.507 22.26 17.48 4.78 

 

Table 2: Soil Geophysical Properties 

S/N 
Bulk Density 

g/cm3 
% Total 
porosity 

Hydraulic 
conductivity 

cm3/hr 

Water holding 
capacity % 

Aggregate Stability 

Mean-Weight 
Diameter (mm) 

% Aggregate 
Stability 

Sample A 1.54 42.075 101.01 30.482 1.952 40.24 

Sample B 1.45 45.208 101.01 29.507 1.785 33.67 

 

Table 3: Soil Chemical Properties (Where: TC=Test Class, OM=Organic matter) 

Sample pH value 
Organic 

Matter (%) 

Exch. Bases (me/100g) 

Na+ K+ Ca2+ Mg2+ 

A 5.1 0.38 0.02 0.04 1.60 0.80 

B 5.2 0.32 0.02 0.03 1.40 0.60 

 

5. DISCUSSION 

Tables 1-3 present the summary results of the geotechnical evaluation of 
the study area. It shows that the area is predominantly sandy, with loamy, 
clay and silt in small proportion; 73% total sand for sample A and 74% for 
sample B. This result is one of the evidences that the area is susceptible to 
gully erosion because according to area with predominantly sandy soil is 
susceptible to gully erosion (Silas, 2012; Ocheli et al., 2021). Also, from the 
percentage aggregate stability, percentage total porosity, and bulk density 
test of the soil, it shows that the study area is prone to gully erosion. The 
percentage aggregate stability of the study area is 40.24% and 33.67% for 
sample A and B respectively, which shows that the soil has low aggregate 
stability. The authors, had shown that soils with low aggregate stability are 
prone to erosion (Chude, 2018; Ocheli et al., 2021). The Bulk density 
ranged from 1.45 to 1.54 g/cm3, which according to these results are 
comparatively lower than the mean density of 2670 kgm-3 (ie 2.7 g/cm3) 
for materials in the upper continental crust (Robert et al., 2011; Okoyeh et 
al., 2014). Thus the soils are dominated by lighter materials, raindrop 
impact can easily detach the soil particles from their original materials. 

The water holding capacity of the gully site was discovered to be low. It 
was discovered that the water holding capacity of sample A is 30.482 % 
and 29.507 % for sample B. This is clear evidence that the area does not 
have the ability to retain water very well. The implication of this result is 
that any small run-off will tend to pass through the soils thereby moving 
them to other positions, hence causing erosion. The effect can be more for 
heavy rain or run-off.   The liquid limit (LL) ranges from 20.40 to 22.26 %, 
plastic limit (PL) ranges from 14.82 to 17.48 % with a mean value of 24.94 
%. The discrepancy between the liquid limit and the plastic limit gives the 
value of the plasticity index (PI), which measures the plasticity of the soil, 
and the value ranges from 5.58 and 4.78 % with a mean value of 5.29 %. 
However, the gully samples were observed to have low value of plastic 
limit which are in accordance with, 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 is loose and prone to erosion (Emeh 
and Igwe, 2017). 

Similarly, Table 3 presents results of soil chemical properties. These are 
some of the important chemical properties of the soil required when 
assessing gully erosion. The pH reveals the soil’s alkalinity or acidity. The 
pH value for the two samples, A and B in the study area were 5.1 and 5.2 
respectively. This implies that the soil in the study area is moderately 
acidic. The implication is that the soil may not be affected by micro-
organisms that work on organic matter which might enhance the binding 
of soils to resist the erosivity of rainfall and run-off impact. Also, there are 

low values of organic matter content (OMC) of the soil of the study area. 
This shows that the soils in the area are porous and cannot support the 
growth of some plants that are supposed to protect the soils from erosion, 
which according to with observed that area with low OMC and water 
holding capacity is prone to erosion (Okoyeh, 2014; Ofomata, 2016).  

6. CONCLUSION 

The textural characteristics were predominantly sandy with loamy, clay 
and silt in small proportion. Liquid limit (LL) ranged from 20.40 to 22.26 
%, Plastic limit (PL) of 14.82 to 17.48 % were observed, with plasticity 
index (PI) of 5.58 and 4.78 % respectively. Bulk density ranged from 1.45 
to 1.54 g/cm3, the total porosity ranged from 42.075 to 45.208 %. The 
Aggregate stability ranged from 33.67 to 40.24 % and water holding 
capacity ranged from 29.507 to 30.482 %. The results obtained show that 
factors responsible for the menace of gully erosion in the study area 
include; loose soil materials and dominant coarse sand. Other field 
observation factors include; topography, deforestation, bush burning that 
distort the texture of the soil contribute to the menace of gully erosion in 
the area. Hence to prevent these catastrophe caused by this erosion, 
necessary enlightenment campaigns on best agricultural practices that can 
reduce surface runoff in soil and water conservation is important. Also, 
strong culvert should be constructed at different locations in that area. 

RECOMMENDATIONS 

It is recommended that government should construct underground 
convert on the gully site of the study area to divert the runoff water to area 
less susceptible to erosion. Also, farmers should have a change of attitude 
in order to avoid the possible causes of erosion on their farmland. This 
may be achieved by planting more trees, avoiding deforestation, and 
overgrazing as well as encouraging the use of those sustainable 
agricultural practices. 

REFERENCES 

Abdulfatai, A.I., Okunlola, I.A., Akande, W.G., Momoh, I.O., and Ibrahim, K.O., 
2014. Review of gully erosion in Nigeria: Causes, Impacts and 
possible solutions. Journal of Geoscience and Geomatics, 2, Pp. 125-
129. 

Adetona, A.A., and Abu, M., 2013. Estimating the thickness of 
sedimentation within Lower Benue Basin and Upper Anambra 
Basin, Using Both Spectral Depth Determination and Source 
Parameter Imaging. International Scholarly Research Notices, Pp. 1-
10. 10.1155/2013/124706 



Malaysian Applied Geography (MAGG) 1(1) (2023) 17-21 

 

 
Cite The Article: Nwobodo N. Anthonia, Ohakwere-Eze C. Michael, Chukwu N. Osondu (2023). Geotechnical Investigation of Gully  

Erosion Sites in Umualo Village, Udi Lga, Enugu State Southeastern Nigeria. Malaysian Applied Geography (MAGG), 1(1): 17-21. 

 

Akpokodje, E.G., 2001. Introduction to Engineering Geology. Journal of 
Water Resource and Protection, 8 (3), Pp. 259–259. 

Amah, E.A., Esu, E.A., and Kanu, E.O., 2008. Hydro geological and 
Geotechnical Investigation of Gully Erosion sites in Calabar Area, 
Southeastern Nigeria. Global Journal of Pure and Applied Sciences, 
14 (4), Pp. 423-432. 

Chikwelu E.E., and Ogbuagu, F.U., 2014. Geotechnical Investigation of Soil 
around Mbaukwu Gully Erosion Sites, South-Eastern Part of Nigeria. 
IOSR Journal of Applied Geology and Geophysics (IOSR-JAGG), 2 (4), 
Pp. 06-17. 

Chude, V.O., 2018. An Analysis of Gully Erosion in Agulu-Nanka Erosion 
Complex. Unpublished bachelor’s Thesis, Dept. of Agric Econs., UNN.  

Egboka, B.C.E., 2000. Erosion, Its causes and remedies. A keynote address 
on Erosion Control and Sustainable Environment. University of 
Nigeria, Nsukka, Nigeria. 

Emeh, C.O., and Igwe, O., 2017. Variations in soils derived from an erodible 
sandstone formation and factors controlling their susceptibility to 
erosion and landslide. Journal of the Geological Society of India, 90 
(3), Pp. 362–370.  

Floyd, B., 1965. Soil erosion and deterioration in eastern Nigeria. The 
Nigerian Geographical Journal, 8, Pp. 33-44. 

John, U.J., Igboekwe, M.U., and Uhegbu, C.A., 2015. Geophysical Evaluation 
of Erosion Sites in some Parts of Abia State, Southeastern Nigeria. 
Physical Science International Journal, 6 (2), Pp. 66–81.  

Nwajide, C.S., and Hoque, H., 1979. Gullying processes in southeastern 
Nigeria. The Nigerian Fields, 44, Pp. 64-74. 

Obiora, D.N., Ossai, M.N., and Okwoli, E., 2015. A case study of 
aeromagnetic data interpretation of Nsukka area, Enugu State, 
Nigeria, for hydrocarbon exploration. International Journal of 
Physical Sciences, 10, Pp. 503–519. 

Ocheli, A., Ogbe, O.B., Aigbadon, G.O., 2021. Geology and geotechnical 
investigations of part of the Anambra Basin, Southeastern Nigeria: 
implication for gully erosion hazards. Environ Syst Res., 10 (23), Pp. 
1-16.  

Ofomata, G.E.K., 2016. Soil Erosion in the Enugu Region of Nigeria. 
Unpublished bachelor’s Thesis, Dept. of Agric Econs., UNN 

Ojukwu, O., 2018. Over 2800 erosion sites threatening Southeastern 
Nigeria. https://sunnewsonline.com>National 

Okagbue, C.O., and Aghamelu, O.P., 2010. The Impact of the Geotechnical 
properties of the Abakaliki Shale on the incessant Road Failures in 
Abakaliki Area, Southeastern Nigeria. Paper presented at the Ist Intl. 
Workshop on Landslides and other Natural Disasters, University of 
Nigeria Nsukka, Nigeria 22-26 March. 2010. 

Okagbue, C.O., and Ezechi, J.C., 1988. Geotechnical characteristics of soils 
susceptible to severe gullying in eastern Nigeria. Bul. of 
International Asso. of Engineering Geology, 38, Pp. 111 – 119. 

Okagbue, C.O., and Uma, K.O., 1987. Performance of gully eroson control 
measures in southeastern Nigeria. Proceeding of the International 
Symposium on Forest Hydrology and Watershed Management, 
Vancouver, Canada. IAHS Publication, 167, Pp. 163-172. 

Okeke, O.C., and Enwelu, C., 2010. Geotechnical Aspect of Soil Erosion 
Investigation, Control and Monitoring. UNN Journal of Technology, 
UNJOTECH, 1 (2), Pp. 1-2. 

Okoyeh, L., Akpan, A., Egboka, B and Okeke, H.I., 2014. An Assessment of 
the Influences of Surface and Subsurface Water Level Dynamics in 
the Development of Gullies in Anambra State, Southeastern Nigeria. 
J. Earth Interact., 18, Pp. 1-24.  

Okwu-Delunzu, V.U., Iwueke, N.T., and Aniagolu, C.O., 2018. Gully Erosion 
and its Environmental Impact in Eke, Udi Local Government Area of 
Enugu State. Environment and Ecology Research, 6 (5), Pp. 507–
517.  

Papadopoulos, A., Bird, N., Whitmore, A., and Mooney, S., 2009. 
Investigating  the effects of organic and conventional management 
on soil aggregate stability using Xray computed tomography. 
European Journal of Soil Science, 60, Pp. 360 - 368. 

Pritchard, J.M., 1979. Landform and Landscape in Africa. London: Edward 
Arnold, Pp. 151–152.   

Robert, T., Pascal, S., Mark, R., and Julia, N., 2011. A digital rock density map 
of New Zealand. Comput. Geosci., 37, Pp. 1181–1191. 

Silas, E., 2012.  Land Degradation Projects in Nigeria: Employing 
Community Participation. Unpublished bachelor’s Thesis, Dept. of 
Agric Econs., UNN.   

Teme, S.C., 2001. Some Geotechnical Considerations in Gully Erosion 
Control –Case Histories from Anambra State. Paper Presented at the 
Annual Conference. Nig. Soc. Of Engr. 

USDA National Resources conservation service, 2008. Soil quality 
indicators: Aggregate stability. Nrcs.usda.gov 

 


