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Abstract

Globally, soil erosion menace has been a major problem threkateg mands environment, the con:
the environment, making it unfit for agricultural production and sustenance of infrastructure. In view of this teethémg, phebl

soil erosion menace at UwaAimokwe community was critichl examined and assessed, the renaissance survey revealed
developed and developing gullies, linear incisions, impassable roads, poor drainages, poor agricultural produce, havests etc
mechanical analysis of soil composition revealed gdndm soil which naturally does not support adequate vegetation; the
erosivity index as determined from meteorological data is 75.84mm/hr and orchestrated 0.06m/s discltarmgep¢hetrometer

test indicated liquid limit of 24% beyond which working the soil will beneged;the reduced levels/ elevation indicated gentle
slope towards the gully heads for thersened selected gully units and adequate capacity trapezoidal channel and culverts were
designed to handle the discharge.

Keywords: evaluation, soil erosion, hards, causes, control measures

1. Introduction erosion, fishery loss, coastal erosion, wildlife and biodiversity
Soi | erosion is about t he rHossest air polafon and thenspread o tkewwater hwacinth. ma n
environment. It varies in magnitude depending on the According to World Bank, gully erosion contributes to each of
causative agent and nature of the environment. the three main problems and causes damage with an annual

It can be caused by the noticeable agents oflwivater or cost to the nation (Nigeria) estimated at $100 million in 1990.
anthropogenic activity or a combination of any two or more of In Southeast& Nigeria, Akamigboet al, (1987) reported
those agents. that the worst hit areas by gully erosion include; ERugu
The consequent problem emanating from soil erosion havoc i©nitsha expressway, EnugWNsukka road, Udi, Awgu,
commonly draught, food shortage or outright hunger since theEzeagu, Oji River, I1sUzo.

world population is fast growing in geometrimogressiorand In Anambra Aguata, Nnewi, Njikoka, lhiala, Awka, Idemili
not arithmetic progressiordestruction of the aesthetics of and Abia Stee- Bende, Ohafia, Arochukwu, Item, Nkporo are
cities, farms, crops, livestockvashing away of buildings and not equally spared.

sometimes loss of life. Imo and Ebonyi states are also suffering the same fate, though
Soil erosion by water exists in sheet/rill, raindrop/splash, not on the same echelon with the aforementioned states.
stream bank and gullythe mostdevastating and always The culminating doom is that in Sodffastern Nigeria, food
crying for restoration. Erosion by wind is not easily classified production is at low ebb, calling for intensive efforts and
by type but rather by mode of soil particle movement; financial commitment to have arable lands to produce at all.
suspension, siltation and deposition. Infrastructural developments were not spared, while homes,
The roles of anthropogenic activities in soil erosion are many highways, electric and telephone lines which cost
centered on farmin practices, sand/ gravel mining operations, billions of naira to build, @ all at the mercy of erosion in
borrowT pits, urbanization etc. many parts of Nigeria (Asadti990)12,

It is therefore the need to address some of the abovén summary erosion in Southastern Nigeria is yearning for
mentioned problems, orchestrated on the environment of Udattention and perhaps this was why the National Assembly is

LGA of Enugu State that brought this research into focus. about to enact a law on the establishment of a commission to
Erosionmay be defined as the gradual wearing away of thehandle this ugly monster of this gepolitical zone and
earthés surface by the agentantmf water, wind or anthropoc¢

elements. In Nigeria, the erosion caused by water is more

spectacular than the other agent. It is closely followed byMechanism of Erosion

wind. The soil erosion process is accomplished in three successive
The World Bank (1990recognized three main environmental ways; detachment transportation and deposition.

problems facing Nigeria: soil degradation and loss, waterDetachability This refers to the ease or relative easéhwi
contamination and deforestation. which a particle could be detached. This is a function of the
In addition, six other problem areas were specified: gully erosive agent; water, wind or anthropogenic element. It is a
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function of particle size as larger particles are easier to detach
than smaller particles.

Bonding strength between particles, apy/ vegetative cover,
moisture content and climatic factors have also a role to play
here.

Transportation The transportability of detached particles also
depends on its size; small particles are easily transported than
larger particles.

Deposition This completes the erosion process, detached,
transported and deposited particle undergoes erosion.

Erosion Control Methods

The two major erosion control methods include;

Agronomic/ Biological Method; this could be categorized
into

A Natural Vegetation and Gund litter

A Crop residue / Mulching

A Wind breaking barriers

Engineering/ Mechanical Methods

A Contour cultivation: this means carrying out all tillage
operation such as ploughing, harrowing, ridge making,
weeding etc across the slope.

The essence of thiss to reduce elocity of runoff flow

downhill ~

A Terracing: this refers to making terraces or ditches at Fig 2.2: Gully Unit B (Enuguodousu Road)
constant intervals across the slope.

This will further reduce velocity of flow downhill by reducing
the catchment area yield of runoff to each channel.

Other Engineering works: these will include culverts, chutes,
spillway discharges, diversions, gully head dams, silt trap .
dams, gabions, gabion mattresses, gabion sausages brushwood|
dams, net dams, wire bolsters, water courses etc.

However, the choice of &n or combination of the
aforementioned depends on the objective in view; to restore
original hydraulic balance or to create new conditions in the
watershed.

2. Research Methodology
2.1Study Area Fig 2.3: Gully Unit C (Ojukwu Agulu Road)
The study area for this research is Uwaimokwe, located

in Udi Local Government Area of Enugu State. Enugu City is
located 62 8 6 N and | °83Ek gat tthe dadtituded 7
Subjectively, the renaissance survey of the community
revealed; fragmented parcels of land, impassable roads,
especially within the residentidbcation, even though few
portions of the roathetworks were macadamized; undermined
building foundations, spectacular in market squares;
foundations, sediment deposits at ractions and narrow
roads; cavéins and linear incisions, and above all deped,
developing and worsened gully erosion sites. It is this
devastated and ravaged environment that brought this research
work into focus, since economic and social activities are
already at stake.

Fig 2.4: Gully Unit D (St. Patrick Road)
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2.2 Determination of Catchment Area
Four worsened Gully Units were selected as representatives affhose catchment areas were surveyed.
the research area and catEnt areas for those sites The venire theodolite was used to traverse the marked out

determined Survey instruments used for fieldworks include; catchment areas of the of gully units to indicate vertical and

register. Figures .2, 2.2, 2.3 and 2.4 indicate the gullies

Dumpy level, Venire theodolite, Ranging poles, Tapes. Pins,horizontal angles but that was after sensitive adjussneare
Arrows, Spades/ hoes, Matches.
The aim of this exercise was to determine elevations/ heightd'he ranging poles served the purpose of ranginghe staff
and subsequentlgompute the area yielding the offensive to avoid slanting staff and maintain a straight line. The tapes

were used to measure distance. The arrows served the purpose

runoff.

It was commenced with a survey assistant holding a rangingf the necessary markings and intersections were dathe w

made.

staff at the edge of the gully head and another survey assistamins.
holding another ranging staff 20m away. The Dumpy level Spades and hoes were used for removing obstructing stumps,

was mounted at the midwayda readings of Backsight (BS)

anthills and leveling positions for instrument mountifie

and Foresight (FS) taken and recorded in a record bookmatches were used to clear bushes along survey forestaff
Before readings were taken, the leveling screws were properiyand instrument mountings.
adjusted and spirit bubble of the instrument was brought to the

centre of its run. Also, the first point i.the edge of the gully
where the ranging staff was mounted was assumedRainfall data was obtained from National Weather Station

2.3Determination of Rainfall Intensity

Benchmark (BM100), adding this BM100 to the height of the Oshodi Lagos. Next was the collected dataavigs that on
instrument/collimation and subtracting t
indicated the next turning point (Tp).

This exercise was carried out fap to five stations before
closure along each survey line and readings recorded in thasignificant difference, and hence the choice of their work for

record register accordingly.

The same exercise was carried out for each of the selected #he eminent scholars are stated below;

he FS

reading which Nwoke H.U, Nwaogazie I.L and Okoro, B. C (2012)

c

local

arried o

ut

a ADi

mensi

conditions © South Eastern Nigeria

onal
indicated

an

the added advantage of dimensional analysis. The works of

gully units and readings taken and recorded in the record

Table 2.2a:Rainfall data for Enugu

Average mount (mm)| 10.02

25.06

31.0

32.34{31.35

51.31

53.55

62.32

Duration (hr)

0.2

0.33

0.5

0.67| 0.83

1.0

15

2.0

Intensity (mm/hr)

50.10

75.94

62.00

48.38/37.81

53.31

35.10

31.19

Table 2.

2b:Rainfall data for Owerri

Average mount (mm)| 15.91

21.65

20.72

27.76/32.05

70.39

61.17

82.18

Duration (hr)

0.2

0.33

0.5

0.67| 0.83

1.0

15

2.0

Intensity (mm/hr)

70.55]

65.82

57.44

41.44/38.61

70.39

40.78

41.09

Table 2.2c:Rainfall data for Onitsha

Average mount (mm)|11.73

154

24.92

29.45/28.04

50.55

54.26/60.12

Duration (hr)

0.2

0.33

0.5

0.67] 0.83

1.0

15| 20

Intensity (mm/hr)

58.63

46.67|

49.83

43.96/33.79

50.55

28.17/30.06

Source Nwoke H.U, Nwaogazie I.L and Okoro B.C (2012)

2.4 Determination of Runoff Coefficient
This was determined from the table 2.3 below proposed byThe soil for the research area was classified using mechanical
analysis.
The equipment used include; Matchets, Soil Auger, Scale

Chaow, VT (1962)

Table 23: Runoff coefficient for Urban Areas

Type of Drainage Area Runoff Coefficient
Industrial Light areas 0.57 0.80
Heavy Areas 0.67 0.90
Parks / cemeteries 0.1071 0.25
Play grounds 0.207 0.35
Rail road areas 0.207 0.40
Unimproved areas 0.107 0.30
Streets 0.701 0.95
Drives and walks 0.7571 0.85
Roofs 0.751 0.95

2.5Soil Classification

balance, f#ve shaker and Textural triang®oil samples

collection were achieved using ELE 510 soil Auger and ELE

109 Auger handle which increased leverage to enable driving

augar into the soil, since this activity was carried out in the dry
season, pulverizatiomd proper mixing of soil samples were

carried out with bare hands and leaves, roots, stones and other
foreign materials were expunged with ease.
A set of 5 sieves with diameter ranging from- ¥mm were
stacked in a manner that the diameters / apertuteecgieves
cascade. A sample weight of 70g was weighed out with the

analytical scale balance and deposited on the topmost sieve on
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the stack rack, before placing on sieve shaker. 2.9Soil Porosity Determination

After 15 minutes, the quantity still remaining on top of each Total porosity was computed from the bulk density as
sieve was weighd out respectively and computed in described by Vomocil (196%).

percentages. The weight of the collected soil in the collectionThe calculation is as follows

pan was weighed too. The various percentages deposited on Tp=1-BD X 100

the sieves and collection pan were traced in the USDA om T

Textural triangle, the point of intersecti@djudges the soil PD 1
type. Where,

Tp =Total porosity,
2.6Liquid Limit Determination BD=Bulk density (g/cm3),

The cone penetration apparatus was used. The con®D=paticle density (2.56g/cm3)

penetrometer used, ELE 530cdsmposed of stainless steel of

35mmlong with a smooth polished surface at an angle &f 30 2.10 Soil pH Determination

The equipment also has asljable provision for cone heightin  Soil pH was measured using 1:2.5 soil water and KCl ratio as
relation to specimen for every operation. To carry out the testdescribed by Hendershet al (1993)],

requires putting soil in standard containers, gently tampered®20g of soil was into two separate plastic sample bottles. 50ml
and left for about 3 weeks. Varying quantities of water were of distilled water and 50ml of KCIni each of the plastic
also added to various contain@rrder to vary their moisture  sample bottle were added. (This gave a soil water and KCI
contents and simulate natural conditiohise moisture content  ratio of 1:2.5).1t was allowed to stand for 30minutes and
of each container was determined using the ELE 514 cell anaccasional stirring with a glass rod was done so that the
moisture meter.The cone penetrometer plunger was then solution equilibrates with the entire soil sample.

brought against all the cups in rotation arehdings of  The Jenway 3505 hand held pH meter was first calibrated with
penetration indicated on the cone penetrometer dial gaugstandard buffer solutions (Buffer 4.0 and 7.0 pH) and the pH
recorded. The recorded penetrations were then plotted againstalues of the soil in each plastic sample bottles were recorded.
the moisture contents of those cups. Following, was drawing a

straight line through plotted points and the cone penetration2.11Exchangeable K and NaDetermination

corresponding to 20mm is the liquid limit of the sail. Exchangeable K and Na was extractasing 1N neutral
ammonium acetate (NJAC) and determined photo
2.7 Soilmoisture content determination metricallyusing flame photometer (Thomas, 1982).

Moi stur e content was d et er rbg of soill sampls was geighed iste cordamer dhad S50mlofild | e
(1993) 10g of soil was weighed to 0.001g accuracy into dry NH/,OAC was added. With a mechanical shaker, it was

moisture Can of known weight (W vibrated for 1hour and decanto a beaker.

The totalweight of the air dry soil sample plus CanjWas The filter selection of flame photometer was set to either Na
recorded. or K and aspirated with denized water for 15 minutes in
Drying at 108C for 24hours was achieved with Genlab order to allow the operating temperature to stabilize.
mechanical oven and was allowed to cool in a desiccator. The nebulizer tube was inserted into the sample container and
The dried soil sample plus Can were reweighed and recordethe aspiration rate was between 2 and 6ml/minute.

(W53). The meter readings from standard solutions and concentration

of sodium and potassium were obtained.
% moisture contadn(MC) = W»-W3 X 100

Ws3-W; 1 2.12 Exchangeablemagnesium and calciundetermination
Exchangeable Magnesium and Calcium was determinad us
2.8 Soil Bulk Density Determination Ethelene Diamine Tetracetic Acid (EDTA) (Thomas, 1982).
Bulk Density was determined using core method as describedg of soil sample was weighed into container and 50ml of 1N
by Grossman and Reinsch (2002) NH,OAC was added. With a mechanical shaker, it was

A doublecylinder, drophammer sampler with a core was vibrated for 1hour and decant into a beaker.

used to remove a cylindrical core &6il. The sampler head 5ml of the aliquot was pipette intocanical flask and 50ml of
contains an inner cylinder and it was driven into the soil with distilled water added.

blows from a drop hammer. The inner cylinder containing anAlso 4ml of ammonium buffer solution and 5ml 1N NaOH
undisturbed soil core was then removed and trimmed to thavere added3 drops of calcon indicator were added and
end with a knife to yield a core whose volume casilgde titrated with EDTA solution from red to a clear blue colour.
calculated from its length and diameter. The weight of this soilBlank titration was carried ouin the same manner and
core was then determined after drying in an oven at 105°C foisubtracted from the sample reading.

about 1824 hours. Calculation
BD = Ms/Vt (gkn? _ Xml x volume of solution
(gkn) Ca+ Mg (g/ke) = 10 x aliquot x sample mass
Where _
BD = Bulk density, Where; ) .
Ms = Mass of oven dried soil Xml= titre valugl blank titre,
Volume of soil (taken as voine of the cylinder) volume of solution= 50ml,
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aliquot= 5ml, FeSQ solution. As the end point was approached, the solution

sample mass5g took a greenish cast and then changes to dark green. At this
point 24 drops of FeS©were added until the colour changes

2.130rganic carbon and Organic Matter Determination sharply from green to redaroon colouy in reflected light

Organic carbon was determined usitige wet oxidation  against white background.
method (Nelson and Sommers, 1996) and organic matteBlank titration in the same manner was carried out in order to
determined by multiplying organic carbon with 1.724 (Van standardize the dichromate.

Bemmellin factor). Calculation

A representative sample was taken and grinds to pass through

0.5mm sieve. % Organic C in soil =

2g of soil sample was weighed ingligate and transfer to (Me K, Cr, O7- Me FeSQ) x 0.003x 100 x f
250ml erlenmeyr flasklOml of 1IN K Cr, O; solution was g of airdry soil

pipette accurately into each flask and swirl to disperse the soil.

20ml Conc. HSO, was added rapidly using an automatic Where

pipette, directing the stream into the suspension flakk was f (correction factor) = 1.33

gently swirls immediately until soil and reagents were mixed, Me = Normality of solution x ml of solution use
then swirl vigorously for 1 minute. The flask was allowed to

stand on sheet of asbestos for about 30mins. 3. Results, design and discussion
100ml of distilled water was added after standing for 30 3.1Results
minutes. The results of the fieldworks and laboratory experiments are
3-4 drops ofindicator were added and titrated with 0.5N presented below a leveling / Elevation
Table 3.1a
LL | ST| RL LL | ST| RL LL | ST| RL LL | ST| RL LL | ST| RL LL [ ST| RL LL | ST| RL
1 1 ]100.2| 1 2 103 1 4 |1121| 1 5 (116.1] 1 6 |116.7| 1 7 | 1116 1 8 | 102.0
2 1 |1004| 2 2 (1045 2 4 | 1145| 2 5 | 116.2| 2 6 |116.2| 2 7 | 111.6| 2 8 | 103.5
3 1 ]100.2] 3 2 105 3 4 | 1153| 3 5 ]116.3| 3 6 | 1119| 3 7 | 100.5] 3 8 | 104.0
4 1 |100.2| 4 2 [108.2| 4 4 | 1146| 4 5 [117.2| 4 6 | 1184 4 7 |103.1| 4 8 | 105.0
5 1 ]105.1| 5 2 | 116.5| 5 4 116 5 5 |1164| 5 6 |1185| 5 7 |111.2| 5 8 | 106.5
6 1 |105.2| 6 2 [117.2| 6 4 | 113.7| 6 5 | 116.3| 6 6 | 117.0| 6 7 | 104,5| 6 8 | 106.5
7 1 |1004| 7 2 (1114 7 4 |114.8| 7 5 (111.8] 7 6 | 1169 7 7 115 7 8 | 104.8
8 1 |100.2| 8 2 | 1135| 8 4 | 1158| 8 5 | 115.0| 8 6 | 1111 8 7 | 116.7| 8 8 | 102.7
Table 3.1b
LL | ST| RL LL | ST| RL LL | ST| RL LL | ST| RL LL | ST| RL LL | ST| RL LL | ST| RL
1 1 ]1108] 1 2 11101 1 4 | 1140| 1 5 1111.2| 1 6 |108.2| 1 7 1103.1] 1 8 | 111.0
2 1 |111.2] 2 2 |1104| 2 4 | 1131 2 5 ]1101| 2 6 | 108.3| 2 7 104 2 8 | 101.5
3 1 |111.1| 3 2 | 110.8] 3 4 |1154| 3 5 |110.8] 3 6 |107.2| 3 7 102 3 8 |1024
4 1 |111.2| 4 2 | 111.0| 4 4 |111.2| 4 5 [110.1| 4 6 |1084| 4 7 103 4 8 | 105.1
5 1 |111.0| 5 2 |110.8] 5 4 11113 5 5 | 110.6| 5 6 | 1055| 5 7 107 5 8 | 105.0
6 1 |1115] 6 2 1111.2| 6 4 | 1101 6 5 ]1104| 6 6 | 106.4| 6 7 109 6 8 | 105.2
7 1 |111.0| 7 2 | 1115] 7 4 | 1112] 7 5 | 110.2] 7 6 |103.1| 7 7 101 7 8 |104.1
8 1 |111.5| 8 2 | 111.0] 8 4 |111.3| 8 5 | 110.0] 8 6 | 105.0f 8 7 105 8 8 | 103.2
Table 3.1c
LL |ST| RL |LL [ST| RL |[LL |[ST| RL |LL |[ST| RL |LL |ST| RL |LL |[ST| RL |LL [ST| RL
1 1 /100.8| 1 2 [ 1107] 1 3 11182] 1 4 [11171] 1 5 [1181| 1 7 11142 1 8 | 108.2
2 1 | 110.5| 2 2 | 1140] 2 3 [ 1113] 2 4 11182| 2 5 [118.2| 2 7 | 115.2| 2 8 | 108.6
3 |1 |1126| 3 | 2 |1152| 3 | 3 |1184| 3 | 4 |1172| 3 | 5 |1194| 3 | 7 |1139| 3 | 8 | 1075
4 |1 1123 4 | 2 |1141| 4 | 3 [1191] 4 | 4 |1184| 4 | 5 |1155| 4 | 7 [1138] 4 | 8 | 1064
5 1 |1126] 5 2 |11132| 5 3 11114 5 4 | 117.2| 5 5 11183 5 7 | 1140| 5 8 | 106.4
6 1 |1134| 6 2 | 1146| 6 3 [ 117.2| 6 4 |1183| 6 5 | 117.6| 6 7 | 113.9| 6 8 | 107.2
7 1 | 1145 7 2 | 1156 7 3 |1164| 7 4 | 1165| 7 5 (1184 | 7 7 | 1145 7 8 | 105.1
8 | 1 ]1132| 8 | 2 |1161]| 8 | 3 |1172| 8 | 4 |1172| 8 | 5 |1134| 8 | 7 |1156| 8 | 8 | 106.8
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Table 3.1d
Gully Unit D
LL | ST| RL LL | ST| RL LL | ST RL LL | ST| RL LL | ST RL LL | ST| RL LL | ST| RL
1 1 |100.3| 1 2 11030 1 3 | 1075| 1 4 | 111.1] 1 511078 1 7 100 1 8 | 129.2
2 1 ]100.6| 2 2 | 1030 2 3 | 1076| 2 4 | 111.3| 2 511081 2 7 | 101.2| 2 8 | 1294
3 1 ]1011| 3 2 1041 3 3 |1078] 3 4 |1114] 3 5 | 103.2| 3 7 1100.3| 3 8 | 129.5
4 1 ]100.3| 4 2 | 104.0| 4 3 |108.2| 4 4 | 1121 4 5 | 100.3| 4 7 100 4 8 | 127.6
5 1 |1004| 5 2 | 1050 5 3 107 5 4 | 1124| 5 5 100 5 7 114 5 8 | 130.1
6 1 ]100.7| 6 2 | 105.0| 6 3 106 6 4 | 103.4| 6 5 ] 1114]| 6 7 113 6 8 | 132.1
7 1 | 100.8| 7 2 |104.2| 7 3 |103.1| 7 4 | 102.1| 7 5 | 1112 7 7 113 7 8 | 1334
8 1 ]1009| 8 2 1043 8 3 ]100.3| 8 4 11034| 8 5 | 111.3| 8 7 113 | 8 8 | 134.5
LL- Leveling Line, ST Station, Rl Reduced Level/ Elevation
i
il .
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Fig 3.1.4

Fig 3.1a- 3.1d: Shows the plotting of the elevations indicated in ~ Fig 3.1.1- 3.1.4:Shows the orthographic projection of the study area
tabes 3.1a 3.1d

Area of Fig 32a = Area of Fig 3.2b =
% base x height + L x W % sum of parallel sides x fygit + L x W
% (50 x 20) + (50 x 60) =% (30 + 50) x 20 + (50 x 60)
=500 +3000= 3500n? = 800 + 3000-= 3800 nd
Fig 3.2a Fig 3.2b
Area of Fig 3.2c = Area of Fig 3.2d
% (base x height) x 2 + (L x W) + (L x W) % sum of parallesides x height + L x W
=1 (5 x 22)2 + (40 x 22) + (58 x 50) % (30 + 50) x 25 + (50 x 55)
=110 + 880 + 2906 3890n% = 1000 + 2756 3750 m
Fig 3. Fig 3.2d

Fig 3.2a3.2d: Shows the catchment areas of the 4 selected Gully units
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