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ABSTRACT

The studyanalyzd soil erosion risk in Mubi SouthThe data used atand use anthnd cover
map derived from Satellite data of 2018ope map derived from ASTERdata, rainfall map
derived from 2016 rainfall data of Nigeria and nesko the watershed area. RUSLE and
RMMFM model parameters were derived from satellite imageand laboratory analysis for the
analysis of soil erosion risk comg@tion in the watershedrea. Themethods employed include
use of RUSLEand RMMF modes with the aid of Geospatial techuigs using ArcGIS 10.3
Software.The result showethat gully eosion rangebetween 3m to 20m deep, iIZDm wide
and mostly more than 100 m long. It was found that sandy soil covered alBowif@be study
area,18% of silt and 17 % clay particlesAbout 29% ofthe areawas covered by agricultural
activities, 196 covered by forest, and 2onot cultivated and covered by bare laftie study
area has about 0.58 10.07 normalized difference vegetation index (NDWjh majority of the
area within the lower topography of 57@Gthove sea levelhe esimated soil lossn the study
area was 3.5/halyr as at the time of this researchhe result of the study also showed that
average rate of soil detachmentlig/ha/yr. The average transport @ity of overland flow is
1.5 thalyr. Average soil per dethability by rairdrop is 69.6 t/Blyr and total soil particle
detachment is 69.66 #lfyr andaverage soil erosion of 3.52 &/fir was estimatedThe areas of
high soil resistivity hadsoil aggregate stabyitranges from 0.29 to 0.41. Predictsail particle
detachabilityin the watershedre 24.2 t037.2t/halyr (low), (37.2 to49.7)t/halyr (mediun) and
between 49.% and 69.6 t/halyr(high) respectively. Those areas that hadw soil particle
detachment werattributedto the high soil resistance. Again, Predicted sodnBport Capacity
of Overland Flow indicateébout 98% of the study area habdout 1.57/halyr soil transport
capacity rate of overflow in the watersh&tedicted total soil particleetichment in the study
areawas high(about 69.66t/ha/lyr of annual total soil particle detachmgr@ind about 25.26
t/halyr low values. It was also found that the south east of the studyadedout 25.26/halyr

of the ¢otal low soil particle detachméntt was found that about 50% of the watershed hag ver
low soil erosion risk which was mostly covered by vegetation, some part of agricultural area and
hilly regions. About 17% of the study area is covered by low soil erosion risk, 12% moderate,
6% moderately high, 11% high and 4% very high. The moderat®ansbil erosion risk classes
of the watershed were found along the foot of the hills and mountainous area. Very high to high
ercsion classes were characterised hjlygand rill elosion in the study are& was found that
the highest annual soil loss agred in an urban area. RMMF and RUSLE models sidow
performance best test for the goodrekfit measure.lt was recommended that other soil
erosion models be applied in the study areduidher comparisnand analysis of soil erosion.
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CHAPTER ONE
INTRODUCTION

1.1BACKGROUND OF THE STUDY

Erosion is a morphological operation during which an object is decreased in size by the removal
of materials from around its total ma$il erosion is defined as the detachmehtaterials

from earth surfacerom its original assemblage and position, and transgaot other places by
various agents, including water and wind (Osman, 2014). Solil erosion refers to the detachment of

soi particles from the surface amdso to lage mass movements like landslides (Osman, 2014).

Soil eosion is facilitated by numerous factors and processes such as land use, topography,
climate, andtypes ofsoil. Thus, the actions of man such as encroachment of agricultural
activities on foresareas, deforestation for commercial and industrial purposes, urbanization and
general misuse of land, as well as the effect of climatic chasgek as high rainfall regime,
drought, and desefitation, tend to exacerbatmpact of soil erosion on the einonmentUnited

Nations Educational, Scientific and Cultural Organiza{idNESCO, 2009).

Water induced soil erosion can be seen as a spectrum of processes ranging from those which are
dominantly fluvial with relatively high water content under Igradient at one extreme those

which are gravitational with less water under gradient at the ¢H@ton and Smith2006)

They form at the following sequence; stream flow, mud flow, overland flow, soil claegb,

slum and land slid8oil erosion bywater can be observed as riilhter-rill erosion and gully
formation.Horton and Smith (2006) categoriz#tk first two as rilland sheeerosion, the third

as gulling and the last three as mass movenfdhtauses damage, both by the removal and



deposiion of materials. They may occur singly or in combination and there is clsanhe
overlap among themRills are small gullies and sheet erosion is a shallow form of mass
movement,while heavy rain storms andunoff water enlargeill into deep channels called

gullies ersion (Wandda, 2006).

Sheet erosion is a process caused by surface runoff, where runoff actually is concentrated in
many small rivulets of watdiToy, Foster and Renard, 2002). Rill erosion is a process caused by

the concentration of surface runoft. is of less frequency but higher magnitudarthsheet

erosion. Rills are channels that are so small that they can be obliterated by normal tillage
operationgToyet al.,2002).Areas of both rilland intetrill erosion make up the overland flow

areas of landscap€3oyet al.2002). The moment rill erosion concentratgslly erosion can

start to develop. Hu d s o n -sidell &r@ig watdreolrseniochds a g ul
subject to intermttentf | ash f |l oodsad. Gul | i e ssideal water coerdest i v e |
that experience ephemeral flows during rainstorms. Gullies are characterized by a headcut and

various steps or kniegoints along their course (Morgan, 2005).

Soil erosion isa natural process of soil material removal and transportation through the action of
erosive agents such as water, wind, gya\dind human disturbance (Aksyal.2009; Asdak,
2009; Kefetal.2 0 0 9 ; H a et@ls2@1D)i Howeyel, isoil erosion is ocurring faster than
necessary due to human disturbance, it will cause negative inpadt®e environment and

economy (Kefi and Yoshino, 2010).

Soil erosion potential risk is determined by all natural phenomena, which could cause erosion
damages Auerswdd, 1993). Soil erosion actual risk is the potential risk plus human induced

2



intensification of the potential risk. The actual erosion and soil erosion risk is determined by all

natural and human caused phenomena, which lead to soil e(Asierswald, 199).

Figure 1.1 shwn the process of soil erosamwl their influencing factors Duttmann (20€ded in

Brady and Weil2010), soil erosion consists of three processes; detachment, transportation and
deposition as shown in Figulel. Detachment of soiparticles occuby the impact of raindrops

in two ways (Le Bissonais, 1996). Firstly, morstey provokes a breakdown @afgregates.
Secondly, raindrops can lead to a mechanical breakdown of soil aggregates. Besides that, soil
particle detachment can ocdoy the flow of running water (Duttmann, 2001). The detached soill
particles, mostly fine particles, can lead to surface sealing and crust formation (Osman, 2014).
Concerning transportation, the detached soil particles are transported eithestriiyge of the
raindrop or by runoff (Duttmann, 2001). The last step of an erosion process is the deposition of
soil particles which occurs at some place lower in elevattwaZcet al.2011). il particle

yield, runoff andsoil moisture play a key role concerningdrrill erosion and therefore this

study terms them as interrill erosion parameters.

Rainfall erosivity{ (eroding capacity of the rain (Boardman and Poesen, 2@aé)be described
by the variablgainfall intensity, kinetic emgy and amount of rainfa{lToyet al.2002). Rainfall
intensity determines the number of drops per unit surface (Aridaftinéz Begueriagt
al.2012. Kinetic energy is related teize of raindrops: smaller raindrops strike the soil with a
lower velocity and therefore exert a lowerce on soil which results in reduced soil particle

yields, regardless of rainfall amount and intensity. The kinetic energyrahfall event is the



sum ofkinetic energes of individual raindrops (Tey al., 2002). The amount of rainfall is

mainly important forthe total amount of runoff (T@y al.,2002).
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Figure 1.1: Process of Soil Eosionand their Influencing Factors

SourceAdopted from Duttmann (2001

Soil erosion by watés estimated as the most extensive erosion type and results from excess
surface runoff. The scope of tea erosion is influenced hype of soil, slope and land cover
(Verheijeret al.2009). Through the removal of surface soil (including orgamatter and
nutrients) fromsoil mass, effectie soil functioning is affectedAbout onethird of land used for
agriculture at global level has been affected by soil degradation. Most of this daasggIsed

by water and wind erosion (Braimoh and Vlek, 2008).



In twentyfirts century, soil erosion by water has become a worldwide isbaeause of
progressive decreasethe ratio between natural resources and population and to climate change.
Soil erosion negatively impacts on ecology and can lead to reduced crop productivity, worsened
water quality, lower effective reservanf water levels, floodingand habitat deésuction (Parlet
al.,2011). In both the past and present slaspil erosion is one major and most widespread
environmentakhreat Risk assessment of soil erosion caused by water is indispensable to the

creation of effective glicies and measures on water and soil resource conservation.

Although soil erosion is a physical process with considerable variation globally in its severity
and frequency, where and when erosion occurs is also strongly influenced by social, economic,
political and institutional fadrs. Prevention of soil erosiomhich means reducing the rate of

soil loss to approximately that which would occur under natural conditions, relies on selecting
appropriate sategies for soil conservation. Thisturn, requires a thorough understanding of the
processes of erosion (Morgan, 2005). Undesirable effect of erosion may not be significant in a

short time, but it could be clear in a long time.

Soil erosion is perceived as a major and widespread férsoibdegradation and it has large
ervironmental and economic impaet different scales (Zhget al.2009). Though erosion
originally is a natural process, influenced by physical factors, current human interventions in the
landscape often accelerate matuerosion rates tremendously (Karydekuloska and Silleps
2009). Consequently, social, economic and political factors are decisive in determining soil
erosion risk (Eckelmanet al,, 2006). The anthropogenic pressigessentially reflected iland

cover, where land use change afidtensity and cultivation factices;such as tillage and



implementation of conservation strategies, determine vulnerability to soil er(lsssacheat
al.,2007). In order to effectively formulate mitigation strategies anglement conservation
measures to counteract soil erosion, it is essential to objectively identify and quantify areas at

risk (European Commission, 2006).

Human activities continue to put pressure on
Many of these natural systems can withstand this pressure only up to a certain tuadl
tippingpointbeyond which serious negative and possibly irreversible consequences occur. As the
exact thresholds are often unknown, prudence requires identifying daoges before the
threshold is reached, or safety zones in which humanity can safely operate. It is therefore
important to find out where environmental thresholds exist, whatesalbhey have and to
measuralistance to this threshold. This should help srtgbolicy makersin due time before a
danger zone is reached and enable them to respond effectively to avoid unsustainable
consequencesOrdinal and scalar scales threshadd usually used and the erosion rate
expressed in quaoétnt adkmdedde r(aet.eg .e rool soilvigherosioirssi k 6 ,
ri sokhbiegrhosi gdveriy kldi gh  emodifed iro the sysiers bf Norwagnsl

guantitative terms (t/ha/gyerheijeret al,, 2009).

In Nigeria, World Bank(1990) estimated that soil erosicaiffectsover 50 million peopleand
accouns for loss of resourcethatamount to US 3000 million dollars per year. For decasiaé
erosion has been a major environmental problem in Nigeria (Olofin, 1994). Erosion is the most

serious natural hazard in Nigeria, affecting severalspaftthe country It haskilled people,



destroyedoads, destroyed homes, schaold farmland and displaced poor people (Federal

Republic of Nigeria, 2007)

Solil erosion of varias types and extemirealso found in various pastof Adamawa state but

mo s t especially wh edrigpedmt vegesatiom that novmalty ih@ds and a v e
protecs the soil. In Adamawa state, reseasshhave shown thathe differen causesof soil
erosionsprang fomhuman activities for various purposes such as; intensive cultivation, over
grazing, bush burning and deéstation. Thesare the principal determinants of variation in
typesandintensity of soil erosionsuch as sheet erosion, rill erosion andlygerosian (Tekwaet
al.,2014.Mubi Local Government fealike any other parbf Adamawa $ate is still witnessing

various typs of soil erosion. Thenost spectacular and probabtyost destructive type of soil
erosionin Mubi areais gullyerosionThis idollowed by rill erosionwhich is heightened bsapid
populaton increase anthck of alternative sources of employmethiereby exerting pressure on

the land leading to increased use of marginal I§fdkwa, Laflen and Yesuf, 2014)

Tekweet al(2014xstated thathe problem of soil erosiorhas persistad these areawer yearsin

some placessuch as-vally, Digil and Lamurde (Mubi areayill erosion is common in the
foothills.Soil conservation measures were put in place sin@&®4 ®ut still soil erosion is at
alarming ratehencethe need toassess angdredicthe rate of soil erosiorandrisk in the study

area.

During the last deade(2010) many different models and theorieadbeen proposed to describe

and anaysesoil erosion bywater and associated sediment yidlde models andheories



wereused to predictsoil loss andto assessoil erosion risk GIS islso used adasis for
interpolating spatial variability of hydrophysical parameter®r soil erosion model
(Tesfahuneget al., 2011b). It is against this backgrourttis studywas carried ouin order to
analys estimateand predictsoil erosion risk in the MubBouthLocal Government Area of

Adamawa State, Nigeria.

1.2 STATEMENT OF THE RESEARCH PROBLEM

The study are@Mubi Soutl) was reported as beirexposed to erosioof varied intensies as a
result ofinappropriate agricultural practs, deforestation, overgrazjngpnstruction activities
and variation in climatic conditiofTekweet al.2014)As a result of thisithas led to reduction in
crop productivity, flooding, ecological destruction and environmeudtgradatio(lekwaet

al.,2014)

Previous researchékweet al.2014) observetiat soil erosion in the study aredso alters
vegetation cover, ground slope, slope length and shape, thereby influencing soil eroaimh rate
leading to the forma&n of gullies and rillsithasalsoled to significant soil Iss and degradation,
destructiornof physical infrastructures suck auildings,drainagesroads andulverts especially
around Barama, Anguwan Barkono, Digil, Lamurde and Tudun Wada of the stu(iyehkneaet
al.,2014) These weralso confirmed byhe presentesearcher during reconnaissance surveys of
2015 and Januard016Thus,the neetbr assessment aprkdicing soil erosion risk in the study
areausing geospatiakthniquedecome imperatiyeo as tqrovidepreventiveand conservation

measurein order to reduce the menaces of soil erosion risk in the study area.



Tekweet al. (2014 kstimatedmonthly soil loss from ephemeral gully erosion featuresame

parts ofMubi North and Mubi SouthThey found thasoil particles in the study area were mainly
sandy; with silt content range of -B%% and clay contents in the range ofZ thatdid not

differ significantly among selected sites. Organic matter content was low. The monthly area of
soil lossranges froml.5 to 143 nf, and volume of soil lossvas 0.4 to131 n?, that were
significantly higher in the months ofuyust and September than in thenth®f June, July and
October Ephemeral gully erosion rates for Muvur and Digil sites were greater than asibdéser

The monthly rates of ephenagrgully erosion ranged from 35 82 ni, and 15 to79 nt in

terms of surface area and volume of soil loss respectively. The soil lesshrateaftedecreased

from 18 nfto 5 nf and 11 m’to 2 m” in terms of surface ameand volume of soil loss
respectively. The authorsrecommended that future researches should consider developing
empirical soil loss predictor model(s) for Mubi and envirdhs. authorsconcentrated on only
gully erosion for selected sites and concentrated mainly on their chemical m®paiso, the
authors took sosamplesonly in gully areas andlid not employGIStechniquego estimateand

predict spatial distribution of soil erasi risk This is one of the researched gap filled.

Interest in soil erosion riskas triggered by a growing awareness off-site impactsof soil

erosion These impacts are predominantly assedawith movement of eroded sodediment
particles anadthanges in water flows (both through and across the soil). Tist®firoblems are

often more evident, and include loading and sedimentation of watercourses and reservoirs,
increases in stream turbidity; all of which can disturb aquatic ecosystems aat thp

geomorphological functioning of river systems (Owens, 2005).



To reduce such limitations; geostatistic techniques that intéepd&ta for an entire watershed
from appropriately sampled point measurementsyeadily available (Tesfahuneginal.2011a

and b). Mapping through conventional methods demand intensive data collection, which is often
difficult to practice incomplex terrains (Tesfahunegral.,2011b). The Geographic Information
Sydem (GIS) techniques amasy and time effective toofsr maging and analyzinggrosion

input data of hydrophysical parametéfesfahuneget al. 2011b)

However, noresearchhas explored the power of Revised Morgan, Morgan and Firsey
RUSLE with Geospatial Techniquder estimation angrediction ofsoil erosion risks ifMubi
south of Adamawa t&te, Nigeriato the researchers best of knowledfgspitethe high rate of
soil erosion in the areBhough, Tekweet al. (20149attempted to predict soil erosion some
parts ofMubi North andSouthbut only focused their attentioat the chemical properties of
some selected gully erosiaitesin the areausing EGEM modelThe study did notonsider
hydrophysical propgies of the soilsvhich playa majorrole in predictions bsoil erosionrisk.
They also failedto map areasthat wee vuherableto soil erosionisk. Moreover, they dichot
apply geospatial techniques to shgatterns, spatial distributioandnapsofsoil erosionrisk in

the study area.

Researchconducted byGebreyesust al. (2014) on soil erosion prediction using Morgan
MorganFinney model in a GIS environmeltoughtthe needecause is flexible, itrequired less
data and easy integration with GIS environmgntonduct such research in MUouth Local
Governmenfareain order to test theperformanceof the RMMFand RUSLEmodel Hence the
guest forintegrated modelef Revised MorgatMorgan Finney modelRUSLE, remote sensing

10



and GIS techniques tnalyz soil erosion risk in Mubi 8uth Loclal Government Aregave rise

to the currenstudy

Vi.

The researchbrovidedansweedthe following research questions:

Whatare thetypes andbserved effectsf soil erosiom the study area

What arethe characteristicefhydrophysical parameterthat enhancsil erosionwithin
the studyare&

How spatialydistributed arahe hydrophysicaparameters ithe studyare&

What isthe pattern afistribution of soil lossin thewatershedire&

Which area aremorevulnerable to soil erosion risk in the study &ea

To what extentarRMMF and RUSLBModek predict soil loss the studyarea?

1.3AIM AND OBJECTIVES

Theaim of this study is tanalyz soil erosion risk in Mubi Souttatershedarea with the aidf

RMMF, RUSLE modetk andGeospatigdchniques

The statd aim was achieved througipecific objective which include to

Vi.

map typesof soil erosiorandbservéheir effectsn the studyarea
characterizenydrophysical parameters milerosiontypesin the study area.
assesthedistributionpatternsf hydrophysicaparameters in the study area
estimatesoil lossin thewatershedarea.

predictareas that are vakrable tcsoil erosion risk in the study axe

validatethe performancef RMMF and RUSLEModel in the study area.
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1.4 THE SCOPE OF THE STUDY

This researchwas carriedout in Mubi south watershedrea, Adamawa t&te andfocused on
analysisof soil erosion riskusing Revised MMFand RUSIEmodel with GIS techniqued.he
watershedarea consistsof the following fourteen (14 villages and LocalGovernment
Headquartes; namely: Sebbore, Gude, Gudere, Wafa, Chaba, Masuwa, Luj@yakavar,
Wuro Babbowa, Gavayi, Gella 2DH, Gella, Giranburamd Uro Gella which is the Local
Government Headquarseof Mubi South.The hydrophysical parametetsal as irput datavere
collected from different sourcesich asempirical relationgainfall datg land use(forest land,
protected area, cultivated, bare fields, grazing land, mixezst and residential)digital
elevation model (DEM), soil texture, soil moisture, soil detachability index, bulk density,
cohesion of soil surface, soil moisture storage capaoitganic matter conteneffective
hydrological top soil depth, and ratio of actuaptuiential @apotranspirdon and copparameter
(mainly maize, beans and sorghdimmin erosionplots. Theresearcltovered soil erosiondataas

atJulyto Aujust2016.

1.5SIGNIFICANCEOF THE STUDY

Soil erosion is a very dynamic spatial phenomenon. The information on spatial extent of erosion
risk area and its severity are pexuisites for soil conservation planning and watershed
management programmes. Spatial patterns of erosion risk are tooegoamal conventional
method of mapping these lands based on field survey does not provide spatially explicit
information. Erosion models can be usedl analyseak predictive tools for assessing soil loss

and soil erosion riskor conservation planning (Ppet al.2000).
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Soil erosion and related degradation of land resources are highlysignificant-tepgimral
phenomena in many countri®s(ndegt al.2009) Soil problems havebecome a threat to
sustainable agriculturalproductiamd water qualityn manyregions, uncheckedsoil erosion and
associated land degradation have made vast areaseconomically unproductive. Often, a
guantitative assessmentnéeded to inferextent and mgnitude of soil erosion rigdo that
effective management strategies can be reddadaelhecomplexities of variables maleecise
estimation or predictionof soil erosion difficult. The latest advances in spatial
informationtechnology have augmented existing methods and provided efficient methods of
monitoring, analysis and managemengdrth resources. Digital elevation model (DEM)
alongwith remote sensing data and GIS can be successfully used toenahlesapell as

detailed assessment @bil erosionrisk/hazard@&ouliet al. 2009).

Spatial and quantitative informationamalysis angbrediction ofsoil erosiorrisk on awatershed

and subwatershedscale contributes significantly to the planning for milservation, erosion
controbnd management of the waterslatwironment. The results of estimationsafil loss in
subwatershedsvere carried out on an experimahbasis in manytropical regions using different
analysis angbrediction techniquesv/@n Deet al,2008)The analysedamount of soil loss and its

spatial distribution can provide a basis for comprehensive management and sustainable land use

for the watershed.

Thus the present studyasarried out withtheaimto analy® and predicsoil erosiornrisk using
revisedMorganMorganFinney, RUSLE modebnd GIS techniquesyhich in turnwasused as a
scalablemodel forwatershedn the Mubi South Local Government Area
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CHAPTER TWO
CONCEPTUAL FRAMEWORK AND LITERATURE REVIEW
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2.1 CONCEPTUAL FRAMEWORK

2.1.1 Processes and Mechanics ofr&sion

Soil erosion is a twgphase process consisting of detachment of individual soil particles from soil
mass and their transport by erosive agents such as running water and wind. When sufficient
energy is no longeavailable to transpbthe particles, a third phasdgeposition, occurs (Morgan,

2005).

Tables 2.1 show thefficiency of forms of water erosiorRainsplash is the most important
detaching agent. As a result of raindrops striking a bare soil surfacpadailes may be thrown
through the air over distances of several centimeters. Continuous exposure to intense rainstorms
considerably weakens the soil. The soil is also broken up by weathering processes, both
mechanical, by alternate wetting and dryingefrting and thawingrost actionand biochemical
processesSoil is disturbed by tillage operations and by the trampling of people and livestock.
Running water and windire further contributors taetachment of soil particles. All these

processes loosendlsoil sathat it is easily removeby agentof transport (Morgan, 2005).

The transporting agents comprise those thatspatiallyand contribute to the removal of a
relatively uniform thickness of soil, and those that concentrate their action in charreefrst

group consists of rainsplash, surface runoff in the form of shallow flows of infinite width,
sometimes termed sheet flow but more correctly called overland flow, and wind. The second
groupcovers water in small channelkgjown as rills, which &n be obliterated by weathering and

ploughing, or in the larger more permanent features of gullies and rivers. A distinction is
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commonly made for water erosion between rill erosion and erosion on the land between the rills
by the combined action of raingrampact and overland flow. This is termed interrill erosion. To
these agents that act externally, picking up magfr@m and carrying theraver the ground
surface, adde@nd transporéd by mass movementsuch as soil flows, slides and creep, in

which water affects the soil internally, altering its strength (Morgan, 2005).

Severityof erosion depends upon the quantity of material supplied by detachment over time and
capacity of the eroding agents to tramgpt. Where the agents have capacity to transport more
material than is supplied by detachment, the erosion is described as detaahitexht Where

more material is supplied than can be transported, the erosion is transport limited (Morgan,

2005).

According to Morgan2005, the energy available for erosion takes two forms: potential and
kinetic. Potential energyPE) results from the difference in height of one body with respect to
another. It is the product of mass)( height differenceh) and accelation due to gravityd), so

that

PE =mhg

2.1

Table 2.1Efficiency of forms of water erosion
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Form Mass* Typical velocity Kinetic energyA  Energy for Observed

(ms™) erosiory sediment
transport8
(gem?)
Raindrops 0.6R 6.0 18R 0.03R 20
Overland flow 0.5R 0.01 2.5\105R 7.5\10-7R 400
Rill flow 0.5R 49 4R 0.1R 19,000

Source: Morgan (2005)

* Assumes rainfall mass &t of which 50 per cent contributes to runoff.

A Basedtv.on 1/ 2

y Assumes t hat 0. 2 p er raindeopst andao3fper tcamteof theikimetid i ¢

energy of runoff is utilized in erosion.

8 Totals observed in miBedfordshire, England, on an 11° slope, on sandy soil, over 900 days.

Most of the energy of raindrops contributes to soil particle detachment ttadinetrénsport.

1 Estimated using the Manning equation of flow velocity for a rill, 0.3m wide and 0.2m deep, on
a slope of 11°, at bankfull, assuming a roughness coefficient of 0.02 which, in units of kg, m and
ms-2 respectively, yields a value in JouleheTpotential energy for erosion is converted into
kinetic energy KE), the energy of motion. This is related to the mass and velocity (n) of the

eroding agent in the expression

KE = m1/2mV 2.2

17
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Which, in units of kg and m’s also gives a value in Joules. Most of this energy is dissipated in
friction with the surface ovawhich the agent moves so that oniy43% of the energy of running
water and 0.2 per cent of that of falling raindrops is expended in erosion (PE3rég. An
indication of the relative efficiencies of the processes of water erosion can be obtained by
apgying these figures to calculations kinetic energy, using equationZ based on typical
velocities (Table 2.1). The concentration of running water in rills affords the most powerful
erosive agent but raindrops are potentially more erosive than ovéidandvost of the raindop
energy is used in detachmehtwever, so that the amount available for transport is less than that
from overland flow. This is illustrated by measurements of soil loss in a field in mid
Bedfordshire, England. Over a 9d@y peiod on an 11° slope on a sandy soil, transport across a
centimeter width of slope amounted to 19,000 g of sediment by rills, 400 g by overland flow and

only 20 g by ainsplash (Morgaet al, 1986).
2.1.11 Hydrological basis of ®sion

According toWithers andVipond (1974, processe®f water erosion are closely related to the
pathways taken by water in its movement through vegetation cover and over the ground surface.
During a rainstorm, part of the water falls directly on the land, either bet¢hase is no
vegetation or because it passes through gaps in plant canopy. This component of the rainfall is
known as direct throughfall. Part of the rainngercepted bganopy, from where it either returns

to the atmosphere by evaporation or finds its wayhe ground by dripping from leaves;
component termed leaf drainage, or by running down the plant stems as stemflow. The action of

direct throughfall and leaf draage produces rainsplash erosion. The rain that reaches the ground

18



may be stored in small depressions or hollowsson surface or may infiltrate the soil;
contributing to soil moisture storage, to lateral movement downslope within the soil as
subsurface ointerflow or, by percolating deeper to groundwater. When the soil is unable to
take in more water, the excess contributes to runofsmhsurface, resulting in erosion by

overland flow or by rills and gullies.

Figure 2.1 ypical infiltration rates dr various soilsThe rate at which water passes istul is
known asinfiltration rate and this exerts a major control over the generation of sutfaoé.

Water is drawn intaoil by gravity and by capillary forces, whereby it is attracted to anddseld

a thin molecular film around the soil particle&ithersandVipond, 1974. During a rainstorm,
spaces betweesoil particles become filled with water and capillary forces decrease so that the
infiltration rate starts high at the beginning of a stommd aeclines to a level thaepresents

maximum sustained rate at which water can pass thrthegsoil to lower levels (Figuiz1).
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Figure 2.1 Typical infiltration rates for various soils

Source: Adopted after WithersandVipond (1974)

The level of the infiltration capacity or terminal infiltration ratas shown in Figure 2.1

corresponds theoretically tsaturated hydraulic conductivity of the s@Withers and Vipond,

1974).
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In practice;however, infiltration capacity is often lower than the saeddydraulic conductity
because of air entrapped $oil pores as the wetting front passes downwards through the soil
horizons(Withersandvipond, 1973. Infiltration rates depend upon the characteristics of the soil
types. Generally, coargextured sds such assands and sandy loams have higher infiltration
rates than clay soils becauskthe larger spaces betweparesin sand Withersand Vipond,
1974. Infiltration capacities may range between or from more than 200nfontsands to less
than Snmh’ for tight claysas shon irFigure2.1 In addition to the role played kigter-paricle
spacing or microporedarger cracks or macropores examportant influence over infiltration
rate. They can transmit considerable quantities of water so #yatwith weltdefined structures

and itcan have infiltration rates that are much higher than e expected from their soil texture.

The local variability in infiltration rates can be quite high because of differences in structure,
compaction, initial moistw content and profile form of th&oil and vegetation densitzield
determinations of average infiltration capacity using infiltrometers may have coefficients of
variation of 7075%. Eyles (1967) measured infiltration capacity on soils of the MelakasSerie
near Temerloh, Malaysia, and obtained values ranging from 15 to 428mmith a mean of

147mmh,

According to Horton (1945), if rainfall intensity is less than the infiltration capacity of the soil,
no surface runoff occurs and the infiltration rateuag the rainfall intensity. If the rainfall
intensity exceesl the infiltration capacityinfiltration rate equals the infiltration capacity and the
excess rain forms surface runoff. As a mechanism for generatingffy however, this

comparison of rainfaintensity and infiltration capacity does not always hold. Studies conducted
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by Morganet al. (1986) in Bedfordshir&ngland on a sandy soil show that measured infiltration
capacity is greater than 400mihand that rainfall intensities rarely exceed 40mtmThus no

surface runoff would be expected, whereas, in fact, the mean annual runoff is about 55mm from
a mean annual rainfall of 550mm. The reason runoff occurs is that these soils are prone to the
development of a surface cr(Boiffin, 1985).Two types of crust can be distinguished. Where a
crust formsdn situén the soll, it is termed a structural crust; where it results from the deposition

of fine particles in puddles, it is called a depositional crust (Boifa85).

Also, sudies by Boifin andMonnier (1985)andVartin et al. (1997) on loamyails in northeast

France, showvihat crusting can reduce infiltration capacity froni @8 6mmh'to about 6mmti

with a structural crust and 1mtwith a depositional crust. Reductions infiltration of 50
(Hoogmoed andstroosnijder 1984) to 100 per cent (Toret al, 1999) can occur in a single
storm. The importance of crusting and sealing was also emphasized by Poesen (1984), who
observedhat infiltration rates were gher on steeper slopes whéighererosion rate prevented

the seal from forming. This mechanism explains why infiltration rates sometimes incridase w
rainfall intensity (Nassif andVilson 1975). BowyeBower (1993)noted thatfor a given soil,
infiltration capacity was higher with higher rainfall intensities because of their ability to disrupt

surface seals and crusts that would otherlsap the infiltration rate low.

2.1.2Strategiesof Erosion Control
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Since erosion is a natural process, it canngpregented. Bytit can be reduced to a maximum
acceptable level or solil loss tolerance. This should be considered as a performance criterion that

erosioncontrol measures are expected to achieve (Morgan, 2005).
2.1.21 Soil lossalerance

Theoretically,soil erosion should be maintained at a rate that equals or is below the natural rate
at which new soil forms. Unfortunately, it is difficult to recognize when this balance exists.
Although rates of soil loss can be measuratkes of soil formation are sfow that they cannot

be easily determined. According to Bual al. (1973), rates of soil formation throughout the
world range from 0.01 to 7.7mmiyr The fastest rates are exceptiohalvever, and the average

is about 0.Inmyr* (Zachar 1982).

An altemative approach that avoids need to measure the rate of new soil formation directly is to
estimate rate required to match rate of removal by erosion and solution in areas where an
equilibrium condition might be presumed to exist. Using data from smaltsites under forest

and grassland, Alexander (1988)ted tharequired rates to be between 0.3 and 2'tdranually

with majority being below 1t Kawhich; assuming a bulk density for the soil of 1.0Mgris
equivalent to 0.1mmyr Such a rate, howevemay be a rather conservative indicator for

development of an agriculturally productive soil.

Hall et al. (1979) suggesd that in soils of medium to moderately coarse texture on well
managed crop landhe annual rates of formation of A horizon can exceed 11't Hais could

be because the subsoil can be improved by incorporating it with top soil during tillage and by
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adding fertilizers and organic matter. It is against this background that valussilfdoss
tolerance are set so as to maintain an adequate rooting depth and avoid significant reductions in

yield while the surface layer of soil is removed by erosion (McCorraadkfoung, 1981).

Soil loss tolerance is then defined as the maximum pebi@ssate of erosion at which soil
fertility can be maintained over PR5 years(Hudsqri981). A mean annual soil loss of 11 ttha

is generally accepted as appropriate but values as low as 2 arbarecommended for
particularly sensitive areas wherelsare thin or highly erodible (Hudson 1981).Where soils are
deeper than 2m, subsoils are capable of improvement and reductions in crop yield are unlikely to
be brought about by erosion over the next 50 years or more, some scientists favour increasing the

tolerance to 16820 t ha' (Schertz 1983)
2.1.22 Principles of soil onservation

Looking on mechanics of the detachment and transport of soil particles by rainsplash, runoff and
wind, strategies for soil conservation must be based on; covering godtext it from raindrop
impact; increasing the infiltration capacity of the soil to reduce runoff; improving aggregate
stability of the soil; and increasing surface roughness to reduce the velocity of runoff and wind

(Morgan, 2005).

Agronomic measures lite the role of vegetation to protect soil against erosion. Soil
management is concerned with ways of preparing soil to promote plant growth and improve its
structure so that it is more resistant to erosion. Mechanical or physical methods, often involving

engineering structures, depend on manipulating the surface topography for example, installing
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terraces or windbreaks to control flow of water and air. Agronomic measures combined with
good soil management can influence both detachment and transport gheseson, whereas
mechanical methods are effective in controlling the transport phase but do littleventpsoil
detachment (Table 2.2

Table 2.ZEffect of Various Soil Conservation Practices on the Detachment and
Transport Phasesof Erosion.

Practice Control over

Rainsplash Runoff Wind

D T D T D T
Agronomic measures
Covering soil surface * * * * * *
Increasing surface roughness - - * N * *
Increasing surface depressit + + * * - -
storage
Increasing infiltration - - + * - -
Soil management
Fertilizers, manures + + + * + *
Increasing surface roughne - - * * + *
(tilage)
Subsoiling, drainage - - + * - -
Mechanical measures
Contouring, ridging - + + * + *
Terraces - + + * + +
Shelterbelts - - - - * *
Waterways - - - * - .

D, detachment, T, transpoitno control; + moderate control; * strong cantr
Source: Adopted from Morgan (2005).

As shown on Table 2.2 geonomic measure is always given prefereasghe major means of

soil conservation practices for soil erosion. It is so becdussetare less expensive and deal
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directly with reducing raindrop impact, increasing infiltration, reducing runoff volume and
decreasing wind and water velocities. Theg more easily fitted into existing farming systems

and more relevant to maintaining or restoring biodiveraityg plant communities. Mechanical
measures are largely ineffective on their own because they cannot prevent the detachment of soll
particles. Th& main role is in supplementing agronomic measures, being used to control flow of
any excess water and wind that may arise. Many mechanical works ane tooststall and
maintain. Somesuch as terraces, create difficulties for farmers. Unless theaseitieep, terrace
construction exposes the less fertile subsoils and may therefore result in lower crop yields
(Morgan, 2005) On irregular slopes, terraces will vary in width, making for inefficient use of
farm machinery, and tywwhere slopes are strdigterracesan this problem be overcome with
parallel terrace layouts. Also, there is a risk of terrace failure in severe storms. When this occurs,
the sudden release of water ponded up on the hillside can do more damage than if no terraces had

been consticted. For all these reasons, terracing is often unpopular with farmers Morgan (2005).

2.1.23. Drivers and onstraints

Globally, soil erosion associated with agricultural land is more widespread than that associated
with other land uses. Erosion corti®therefore strongly influenced by factors that encourage or
discourages farmers from adopting soil conservation. In-agpitultural areas, erosion is
important wherever it threatens the integrity of a resouroe example, destruction of roads,
track ways and footpaths, sedimentation of water bodies or exposure of buried pipelines. The
driver for erosion control is to protect the resource and prevent liability for environmental

damage, particularly i n soci et i eys. Mbrboen adop
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organizations like highwaygencies, engineering companies and pipeline companies should
install protective measures because they want to retain their reputations for sensitive

management of the environmd&Morgan,2005).

Perceptions oErosion The relevance of conservation measures @raihg system depends in

part onhow farmers and others perceive erosion problem and its consequences. Most farmers are
aware of the problem and its effects. The notion of peasant farmer damagindirianght
ignorance is severely mistaken. Batmallscaleand commerciafarmers are more concerned

with profit than conserve the land. Farmars are more concerned with maximized yield than
maximizing input to optimized yielHudson 1981) Farmers who worknarginal land because

there is no other land available are generally well aware of the damage thepwaaee poor
economic and knowledge, power to help the situation. Survegmallscale farmers in Sierra
Leone showed that theajority correctly peceivederosion problem on their land and associated

it with high rainfall, steep slopes and lack of vegetation cover (Millingt®87). Since farmers
appreciate erosion mainly through its effects on yield, sediment accumulation on foot slopes and
formation of gullies, they underestimate its seriousness compared with more scientific
assessments based on reductimnshe depth of soil (Stocking and Clark 1999; Holden and
Shiferaw 1999). Generally, the farmer is not unwilling to change practices butavdbdonly if

substantial benefits arise and the investment costs can be rec@vedsdn 1981).

Land Tenurefhe arrangements by which tenure is granted to land user can influence attitudes
towards soil conservation. Where farmers own the land, theynare likely to consider the

long-term consequences of their actiarsin actionsand adopt soiprotection measures unless
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the need for shotierm survival dictates otherwise. Tenure systems based on-tsimart
cultivation rights, sharecropping and cotiges generally lead to poor management because of
uncertainty about whether conservation work carried out on the land wilWaeded. Legal title

to the landhowever, may be less important than a guaranteedt&ngright to use the land, as
seen in Vetnam and China, where soil conservation is practised even though private ownership

of the land is not allowed (Phien amd Siem 1996; Liet al.,1998).

The overall size of a farm does not necessarily influence the frequency or type of soil
conservationmeasures employed. Hallsworth (1987) cites data from Nyasa, Rift Valley and
Western Provincesf Kenya that show that 51 pent of farmers with holdings of less than 1 ha
use fertilizers to maintain productivity, whereas on farms of over Iligngonly 68 per cent.
Equivalent figures for the use of terracing are 24 per cent and 2&epemrespectively. For
mulching however, the figures arg and 17 per cent respectively; the lower figure reflecting
difficulty of supplying mulch material on very smaibldings. More important timafarm size is

the layout of farm andin particular, its degree of fragmentation, since many conservation
measuressuch as terraces, become impractical when the land is held in small and scattered
parcels. Mulching is more di€ult because there may be a considerable distance between the
strip of land from which the mulch is taken and the strip on which it needs to be
appliedHallsworth (1987). Land consolidation programmes may not improve erosion status;
because, as seen inrtieern France, the reorganization of holdings into larger fields means the

removal of field boundaries and increases in the lengthwlreh surface runoff can flow.
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External Factor3he causes of soil erosion rarely relate only to the existing physicasocie
economic conditions of a farming system but arise also from inability to adapt to changing
circumstances brought about by droughtdry spell increases in population, fragmentation or
enlargement of farms, economic pressures to grow cash @tes than food crops and new
technologieqFranke and Chasin, 1981&rosion in much of Europe reflects the breakdown of
farming systems formerly based on a rotation of cereals, root crops and grasses, or a combination
of tree crops, cereals and pasturdsth economic incentives to grow continuous cereals and
roots, all essentially sedegrading crops, the loss of grass has led to a decline in organic matter

and deterioration in the aggregate stability ofsbds (Franke and Chasin, 1981).

If soil ercsion as a response to changes in farming systems is to be avoided, soil conservation
must be a dynamic process capable of adjusting to future change. It is insufficient to develop a
strategy that merely solves an immediate problem. The need for adapialslitil conservation
systems is likely to increase because the global impacts on erosion and agriculture expected to
arise from climatic change will be far greater than those hitherto associated with cimalages i

use (Franke an@hasin 1981).

Technobgical Transfefhough the principles of soil conservation are transferable, conservation
strategies developed in one area will not necessarily work elsewhere. What is feasible ion a 100
200 ha farm with a high level of mechanization in the Midwest of t8& s unlikely to be
applicable to a smallholding of less than 0.5 ha in the tropics. Therawsferability of soil
conservation measures is perhaps best illustrated by the failure of channel terraces within the

smaltscale farming systems of Africa. Bowed from the USA, where they were successfully
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developed and implemented in the 1930s and 1940s, such terraces formed the nub of soil
conservation programmes proposed by the European colonial administrations in much of central
and eastern Africa (Wood992). In nineties, mangxist examples throughout Africa where
channel terraces and bench terraces implemented by governmeritglgpendence and pest
independence, have not worked, whereas indigenous, often highly-labensive systems, have

been sucessful (Roosel992; Cheatle andjoroge 1993; Tiffenet al.,1994).

Traditional bench terrace systems likeg@duilt by the Incas in Peralso encompassed contour

bunds to promote infiltration of water and increase soil moisappliedmulching toconserve

water and soil fertility. lencompassed burying of weeds and trash to improve fertility and weed
control, crop rotation and weed fallows (Critchletyal., 1994; Reijet al.,1996; Tengbergt al.,

1998). A characteristic of these indigenous eyst is that they are not standardizeakry from

area to area araften from farm to farmtheir designs do not conform to the technical standards
proposed by soil conservation services (Humbedz, 1996). Indigenous syems are not
without problemshowever. Structural measures require large inputs of labour to construct and
maintain. Trash lines and mulching enhance the survival and spread of insect pests and disease

pathogens (Tengberg al.,1999).

Economic Evaluatio®s major problem with applying @enomic analysis to soil conservation is

that many aspects, such as benefits related to minimizing adverse environmental impacts, are
difficult to quantify in monetary terms. Although this may be of limited importance in a farm
budget, it can be vital at@roject scale for deciding on the size of financial incentives given to

farmers to promote soil conservation for the benefit of the community. An analysis directed at
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the community should take account of costs of not controlling the erosion, includingtdeawn

or downwind sedimentation, benefits in terms of crop production and employment. However, at
this leve] analysis generally suffers from inadequate information on: how to price labour when
much of it is in the form of unpaid inputs from farmers amelrtfamilies; how to take account of

the effects of different currency exchange rates where a black currency market exists alongside
the official exchange; and how to cost differences between a project with soil conservation and
one without when the impet of continuing erosion on productivity cannot be quantified (Bojo

1992).

Detailed information on the economics of households and their decigi&img processes can

be difficult to obtain, with many farmers unwilling to provide it or supmymisleading data
(Ellis-Jones and/ason 1999). Different views exist on whether projects should be evaluated in
terms of: their net present value (NPV), i.e. sum of discounted benefits less the sum of
discounted costs; their internal rate of return (IRR),rate of interest that the projeetncafford

to pay to coveresources required or their benidibst ratio, defined as the sum of discounted
benefits divided by the sicounted costs. Decisions appropriate discai rate can seriously
affectresultsof NPV analysis. Disagreement also exists on whether evaluation should be made
over 10, 20, 30 years or longer. Extending the time horizon to 50 years can have a detrimental

effect on the outcome, especially if discount rates of 10 per cent or moresdr@Bog) 1992).

If the analysis is applied to an individual farmer, costs and benefits can be more easily quantified
and yearly cash flows calculated (Hedfot883). Benefitcost ratios to farmers in Acelhuate

Basin, El Salvador, from adopting a systefmcontour cultivation, contour grass strips and
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contour ditches to grow maize, sorghum and beans on steep slopes ranged from 1.0 to 2.8,
depending on slope steepness and the depth of soil (Wiggins, 1981). Greatest returns were
predicted for the gentlesloping land with deeper soil, whereas benefits were very limited or
neutral for farmers working slopes ofiZ3.° with no top soil and renting the land on annual
leasesThereforethese last farmers have no economic accessibility to soil conservation.hAt bot

5 and 20 per cent discount rates contour grass barriers were unearfomfarmers in the
Cochabamba region, Bolivia, unless they brought about a 20 per cent increase in productivity

(Ellis-Jones & Mason1999).

For Konto River Watershed DevelopmeRtoject, Indonesia, weightings were developed to
express: expected incomeltzal populationparticularly the landless; changes in rates of runoff
and erosion; and thergservation of natural forest €DGraaf, 2001). In practice, multicriteria
analysis an be somewhat complex, with difficulties in deciding what the weightings should be
and how their values shoulte determined, especially wheumlike measures of erosion and
runoff, they cannot be easily expresseanerically. A better approacWwhichis yet to be widely
used in soil conservation studies, would appear eocdisteffectiveness analysis €DGraaf,

2001).

2.1.24 Cultivated &nds
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A risk of erosion exists on cultivated land from the time trees, bushes and grasses are removed.
Erosion is e&cerbated by attempting to farm slopes that are too steep, cultivatanghgiown

hill, continuous use of land for the same crop without fallow or rotation, inadequate use of
fertilizers and organic manures, compaction of the soil through the use ofieatynery and
pulverization ofthe soil when trying to createedbed. Least protection of the soil is afforded

by crops grown in rows, tall tree crops and dgmwing crops with large leaves. As a result,
crops like maize, rubber, oil palm, grape vineassava and sugar beet can all give moderate to
serious erosion problems. Small grain cereals, such as wheat and barley, afford better protection

provided they are planted at sufficient density (Morgan, 2005).

Erosion control is dependent upon good mamagnt, which implies establishing sufficient crop
cover and selecting appropriate tillage practices. As a result of this experience, an alternative
approach was tried in the village of Kaniko based on existing farming systems, and integrating
the ideas othe farmers with those of researchers and extension staff. Greater emphasis was
placed on contour grass strips anse of trees and hedges rather than terraces (Hijgbap,

1991). Increasingly, it is recognized that strategies for soil conservatisnraty on improving
traditional systems (Roos#992), instead of imposing entirely new techniques from outside, and

on enhancing land husbandry (Hudsb®93b; HudsomndCheatle 1993; Critchlegt al.,1994).

2.1.25 Grazing lands
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Erosion problemsrise when the protective cover of rangeland vegetation is removed through
overgrazing. Erosion control depends largely on the use of agronomic measures. These are
directed at determining and maintaining suitable stocking rates, although this can lod diffic

not impossible in areas where people attach cultural and social value to the size of their herds,
and at planting erosieresistant grasses and shrubs. The latter are characterized by vigorous
growth, tolerance of drought and poor soils, palatgbid livestock and resistance to the
physical effects of trampling. Specialized measures designed to increase resistance of the soil

may be required around field gates, watering points and salt boxes (Morgan, 2005).

Traditional grazing systems are often Iwadapted to local conditionsfoclimate, soils,
vegetation andnaking use of rotational grazing on a nomadic basis. Cattle are grazed in the
lowlands immediately after the wet season, taking adgenbéthe annual flush of grasspved

to slightly wette hilly areas during the dry season atept around a permanent homestead in

riverine woodland from which drgeason forage can be obtained (Barrow, 1989).
2.1.26 Urban aeas

Urban development frequently results in intensive soil erosion. The expdsmescsoil during
construction phase results in higher volumes of peak runoff, shorter times to peak flow, highe
and more frequent flood flowand rapid increases in erosion by overland flow, rills and gullies,
producing high sediment concentrations. iBestial development started in the Anak Ayer Batu
catchment in Kuala Lumpur in the mi®60s.As in 1970s the river was choked with sediment.
Flooding and deposition of sand occurred regularly on the flood plain, with suspended sediment

concentrations irthe river water of #81,230mgf" (Douglas 1978). By 1977 the situation had
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changed little with sediment concentrations ranging from 3.7 to 15,343owhpared to
between 7 and 1080mbin similar channels in rain forest areas. Similar sediment contiensa

with peaks between 15,000 and 49,000hgére recorded during construction work on the new
campus of the University of Singapore at Kent Ridge and on the old campus at Bukit Timah

(Gupta 1982).

Strategies for soil erosion control in urban areadémn scheduling developments to retain as
much plant cover as possible, but since this is generally feasible to only a limited extent, a much
greater reliance is placed on mechanical methods than is the case with other types of land use.
Soil Erosion cotrol in the final phase when urban development is complete requires rapid
establishment of plant cover and permanent use of pugesgned waterways and
embankment stabilizing structures.-Site erosion is very low at this stage because most of the
land is covered in concrete but runoff from impervious surfaces of streets, pavements, roofs,
gutters and sewers can cause bank erosion in rivers downstream of the urban area. The instability

of roadside slopes often presents an additional problem (Morgah). 200
2.1.27. Road Bnks

Road banks on either cut or fill slopes are frequently major sources of sediment. Poor disposal of
runoff is an important cause of soil erosion associated with roads. Runoff upslope of the road
should be collected in roadside drains or ditches, whichhareled into culverts under the road,
usually discharging into existing valleys. However, it is common to discharge runoff collected
from several small streams into a single culvert, which means that the catchment area of recipient

channel downslope of thead is increased. Where adequate protection measures are not put in
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place, the increased runoff can enlarge the channel into awghibh, over time, will extend
upslope and daage the roaqNyssenet al., 2002). The road shoulder; the land betwessd
surface and side drain, is also vulnerable to soil erosion, particularly where the road surface is

metalled and the shoulder is unprotected (FH®mwvish 1991; Kamalu, 1991).

The methods used for soil erosion control on road bank range from enginesrgigres such

as revetments and retaining walls to stabilization of the slope by vegetation. Grasses will protect
slope against soil erosion by raindrop and runoff impact, trap moving sediment, while shrubs and
trees will increase strength of the soil thgh root reinforcement. Trees will also help to support
slope by buttressing. Vegetation increases the infiltration of water into the soil, but this can cause
problems where rainfall amounts and intensities are very high. While the resulting reduction in
runoff will help to control surface erosion, increased moistureecmf the soil may exacerbate

risk of mass soil failure (Morgan, 2005).

2.1.28 Strategies ofrosion control in field crops

Several erosion control strategies aneady in use in croproduction;for example growing

cover crops, contour tillage, wind and water barriers e.g. hedgerows, trees, grassed waterways or
conservation tillagezero andeduced tillage). In general, asgil covercan reduce water runoff

and soil lossCover cropgsover the soil surface by aboveground biomass, which protects the soil
from being detached (Langdale, 1983; Hartwig, 1988). Another erosion control measure is the
contour ploughingr the crossslope cultivationwhich is widespread in the USThis is a tillage

practice where the direction of tillage runs across the slope, and often uses contour lines. Water

breaks are created, which reduces gully and rill erosigimd and water barrierssuch as
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hedgerows or trees slow down velocity of wimttlavater, and reduce slope length. The most
important and common strategy to control soil erosion is convincingly known as conservation
tillage (Erenstein, 2003). Severabnservationtillage practicase known and established for
many field crops, such asaize, sugar beet or potatoes. By definition a tillage practice is
classified as conservation tillage, if more than 30% of the soil surface is covered by residues
(Bakeret al., 2002. Soil inversion tillage by moldboard plough is replaced by-inwersion

tillage practices and evenHtitlage (zero tillage) is possible.

Reduced tillage optiomse widely used particularly for sugar beets or cereals production, with
the main objective to prevent soil erosion and avoid soil degradation. The soil is tilkdasby
plough to prepare the soil before sowing. As the soil is not inverted, crop residues from the
previous crop cover soil surface asnalch layer and providgrotection against soil erosion.

Any tillage leads to faster soil warming in spring, fast&ogen mineralization and better weed

and pest control compared to-tillage(Mader and Berner, 2012). Meanwhile the most useful
practice to prevent soil erosion is-tittage, without any soil disturbance (Kagt al., 2009;

Prasuhn, 2012).

The high protection capacity against soil erosion stems from mulch layer from previous crop at
the soil surface, which results in higher infiltration rates, increased water storage, and lower
evaporation compared to conventional, invergilage practice by a mouldboard plough

(Govaertset al., 2009). For temperate climate zones, yield potential tends to be lowering under
no-till because of a lower seedbed temperature in spring. This often results in delayed crop

emergence and lower emergence rates (&aspal., 1990; Dwyer,et al., 1995; Johnson and
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Hoyt, 1999). Moreover, adoption of #itl results in changes in weed infestation and crop
diseases which (i) often reduce yields and (ii) possibly require higher application rates with
increased costs ofegticides (Ball and Davies, 1997b; Ankenal., 2004). This practice has
attracted interest during the last decades, especially for maize production in the US (Vyn and

Raimbault, 1993).

Strip-tillage can be considered as a conservation technique, wigesérélv and mulch residues

from the previous crop remain on the soil surface and the latter seeding or planting rows are
tilled exclusively in autumn and/or in spring by a striptiller. Several studies have shown high
benefits of strigtillage for maize andugar beet concerning erosion control, soil quality, water
storage and yield (AKaisi and KwawMensd, 2007; Overstreet, 2009; Na&slal.,2013). Strip

tillage can lead to higher infiltration rates, higher soil moisture content, and a lower evaporation
rate compared to conventional tillage {Rdisi and Hanna, 2002). Higher soil temperatures
within the tilled strips are valuable assets of stilpge compared to ntllage because of a

lower risk of delayed seed germination and plant emergenchkt @rd Al-Kaisi, 2005; Celilet

al., 2013). Striptillage also has economic benefits because of synergies of combining operations
(e.g., seedbed preparation, seeding and fertilization) in one pass, and thus results in lower fuel

and labour requirements compatedctonventional tillage (Crossat al., 1986).

2.1.29 Strategies ofrosion control in field grown vegetables
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The project on Development of erosion control strategies for field grown vegetables used two
approaches to develop, test and improve strategies to control soil erosion. The first approach was
the use ofrow covers and the second was the adoption and iwvgmeent of thestrip-tillage

system for field grown vegetables. Row covers belong to the group of agrotextiles, cover the soil
and reduce the impact of rainfall energy which minimizes the risk of soil erosion. Two frequently
used row covers arimsect nettig; which is used in organic agriculture for pest control, and
fleece or norwoven fabricavhich serve as frost protection in spring and accelerate plant growth
(Rekikaet al.,2009; Olle and Bender, 2010). However, there are unresolved issues regagding th
microclimate under the covers and the influence on crop growth. The air temperature and relative
humidity increases significantly especially under fleece (Merngegl., 1995; Gimeneet al.,

2002), which can result in better growing conditions on tie ltand, but also in a higher risk of

plant diseases on the other hand (Jebhai., 2003).

For vegetable production, conservation tillage practices sucstripgillage are not widely
utilized. Vegetable seedlings are dependent on a fine crumbled deedbieh is hardly
achieved by ndgillage. Due to tk less promising results attaghin vegetable experiments with
conservation tillage practices, there are currently no adequate technical solutions on the market
(Phataket al.,2002; Price and Norsworth013). Nonetheless, due to existing knowledge and

the success of striptillage in maize and sugar beet, it appears plausible to adapt and improve
strip-tillage for field grown vegetables. Some studies have shown thatiage is possible for

tomato Solanum lycopersicur.), sweet corn{ea maysonvar.saccharatavar. rugosg and

cucumber Cucumis sativusHummel et al., 2002; Luna J., 2003; Overstreet al., 2010).
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However, many challenges still remain regarding suitable planting, fertilizatiobjcide

management and the integration of the systea vegetable crop rotation.

Strip-tillage for vegetable production offers several options with different tillage intensities and

fertilizer applications. The general procedure for a tentpefenate with field grown vegetables

can be considered as follow:

I. Stubble tillage (optionalpfter cereal harvest is recommended, particularly if harvest
residues are not homogeneously distributed.

il. Weed controby a nonrselective herbicide around 10 ddysfore the tillage operation is
conducted.

iii. First strip preparation in autumn/winteggptember equinox to the December soltice
On heavy soils (> 10% clay), the strips should be prepared in autumn/winter to expose
the soil to frost over winter. On sandyils, it is possible to till the strips in spring. For
vegetables, such as cabbage, the strips are 20 cm deep and 20 cm wide. For high strip
guality and to guarantee an exact transplanting process, it is important to use a Real Time
KinematicGlobal Posibning System (RTKGPS) guidance system for strip preparing
with a precision of + 2.5 cm.

V. Weed control in sprin@py second use of a neelective herbicide around 10 days before
transplanting.

V. Second, shallower strip preparation (optionalspring can beonducted shortly before
transplanting. It is especially recommended if the soil structure in the tilled area is not
sufficiently fine-structured for vegetable transplants. It can be combined with a band

placed, fertilizer application through the coultefshe striptiller.
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Vi. Transplantingof vegetable plantlets with a totedntrolled planting machine.

The second, banrplaced fertilizer application can be conducted during the transplanting process
through the coulters (optional). Saved tracks of the RPR@uidance system from the strip

tillage process are used, to make sure that the transplants are placed in the tilled area.

Step 1) and step 5) can be omitted fostandard, nofntensive strigtillage. In this case, the
fertilizer application has to bendertaken via broadcast. For iatensive strigtillage, all steps

are included with the option dfandnitrogen fertilizatiorduring the second tillage pass and
during transplanting in spring. Based on these working steps, in the current study, different
striptillage intensities and different fertilizer application techniques were investigated, tested and

adapted to specific requirements of white cabbage.

Soil congrvation strategies designed considerangrage weather conditiortd a placecan

provide a@gquate erosion control in most years but unacceptable sediment yield can occur for the
largest erosioiproducing events (Gonzalesldalgoet al, 201Q 2012. Therefore, it seems
reasonable to suggest that conservation strategies should be developed taking into account large
storms rather than average weather conustiBagarellcet al, 201Q Strohmeieeet al, 2016. If

a sufficiently lage historical sequence of soil loss values is available then a frequency analysis
can be developed and the soil erosion variable having a given return period can be estimated
(Baffautet al, 1998 Mannaerts and Gabrie?)00. Notwithstanding the knowledge of return

period of an erosion event can be considered relevant information to design soil conservation
systems, use of frequency analysis in soil erosion studies is relatively limited (Mannaerts and

Gabriels,200Q Bagarelloet al, 201Q 2011), probably because of the difficulty to collect a
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number of measurements large enough for developing statistical inference analysis for soil

erosion.

2.1.3 Erosion Control in Nigeria
According tcAdegokeet al.(2015) themission statement:is

I. Arrest all major active erosional gullies and sites natwde through appropriate
scientific and engineering actions and enforce management practices aimed at

preventing/controlling activities which provoke the incidenterosion and gullying.

ii. Inventorize and categorize incidence of erosion nati@e, determine their extent and

recommend appropriate amelioration programmes and projects

iii. Quantify losses sustained especially with respect to: soil nutrient leggesjltural land

losses; impact on surface and groundwater losses to human settlements and other

infrastructures

iv. Strengthen capacity building in erosion control programmes through establishment of
Environmental Management Support Systems (EMSS), Remetasirty and

Geographical Information Systems (GIS)

v. Prepare comprehensive national and regional Master Plans for the management of soil
erosion and floods; Initiate scientific research on soil texture, erodibility and other

physicochemical characteristic§ snils and use the findings as input in engineering
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design of appropriate control measures; Codify and enforce sustainablasind

agricultural, mining and construction practices that least provokes erosion

Vi. Execute communitpased model erosiecontrol projects such as terraced farming
on hill slopes, tree planting, afforestation anefaeestation and slope stabilization

projects aimed at inculcating good hods®ping practices in the citizenry

Vil. Establish contingency plans for tacklinige socieeconomic and health problems

resulting from coastal and other erosional disasters

viii.  Encourage the adoption of an integrated approach to problem solving through the
involvement of soil scientists, geoscientists and engineers in the containment of

erosion and proffering solutions to erosional problems.

2.1.450il Conservation Programme in Nigeria

Adegokest al. (2015) pointed out that there is a need to conserve these soils from being
degraded, either by soil and wind erosion or intensive activities of man in the area of
uncontrolled deforestation. One of the technologies being used to monitor this problem is sheet
ercsion control trials, which are aimed at monitoring occurrence, intensity and mode of control
of sheet erosion on farmlands. Trials of this nature Hmeen successfullgompleted in some

parts of the Eastern States, while similar trials are being initiatéee Northwestern part of the

country.
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According tcAdegokeet al. (2015) the Lead Coordinating Agency kederal Ministry of Water
Resources and Rural Developmem@ther Participating Agencies/Departments Federal
Environmental Protection Agency, dferal Department of Forestry, Federal Ministry Agriculture

and Natural Resources, River Basin and Rural Development Authorities, Agricultural
Development Programmes (ADB), Geological Survey Department of the Federal Min. of. Solid
Mineral Development, Tadry Institutions with programmes in geology, agriculture and soil
science, Department of Petroleum Resources (DPR), State Environmental Protection Agencies

Women Groups, NGOs and Federal Ministry of Works and Housing
2.1.5Concept d Soil Erosion Threshold

Soll loss tolerance is a criterion for establishing if a soil is potentially subjected to erosion risk,
productivity loss and if a river presents downstream -@eglimentation or other offsite effects
are present at basin sca®oil degradation implies Bng-term decline in its productivity and it
determines reduction in some attributes of soil having specific functions of value to humans

(Alexander,1988.

Soil degadation by accelerated erosion is a serious problem and will remain so during the
21% century and its severity and economic impacts and environmental impacts are debatable
(Lal, 2001).Soil erosion on cultivated lands has received much concern since it is considered to
be one of the most critical forms of degradation (Montgoni0Q,; Cerdaet al,2009 Zhaoet

al., 2013.

Soil erosion has botbnfarm and offf ar m | mpact s. Reduction of

productivity and sediment transport can degrade streams and lake20Q%i, When soil
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paricles wash off a field, they may be transported by runoff until it is discharged into a water
body. Not all agricultural constituentgpréduced from man made chemicals that are applied
directly to agricultural systems or in activated sludge/irrigation iydlbat are transported from
aagricultural landeach water systems but a significant quoteirdrf particleswhich are the
most chemical active transported from la@hce agricultural pollutants enter a water system,

they lower water quality and imposeonomic losses on water users.

Studies confirm that agricultural soil erosion substantially outpamépreduction under non
conventional agricultural practices around the world. Specifically, Wilkinson and McElroy
(2007) reported that an average esasiate of 0.6 mm Yy from modern farmlands greatly
exceeds the estimated average erosion rate of 0.016 rhover the past 500 years based on the

preserved volumes of sedimentary rocks.

Soil loss tolerance value is a concept useful to judge if a sa@ilpotential risk of erosion,
productivity loss and ofite damages as river over sedimentation or reservoir sedimentation
(Li et al, 2009. Soil loss tolerance mlso a useful criterion to design conservation practiods a
works for erosion controlbr can be used as an indicator of soil quality (Johri2005
Bagarello and-erro,2006. The termtolerable soil erosiors used when referring to soil lost by
erosion in the context of soil conservatisnil loss tolerancer tolerablesoil lossis the variable
measured as t Hayeal . Again, the concept of tolerable soil loss based onpoiluctivity is
reductive and neglecting the dfite effects does not reach a comprehensive environmental
approach (Bazzoff009. According to Verheijert al. (2009 reviewingavailable definitions

for tolerable soiloss two different approaches emerge:
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I. EstablishingTs, as the value able to maintain dynamic equilibrium of soil quantity (as

mass or volume) in any site and under any circumstances.
il. Relating tolerable soil loss to the biomass production function of soil.

The first approach focuses on soil quantity while the second one focuses only on the biomass
(particularly crops) production function of soil. The first definition considinteraldeo a soil

loss, which does not exceed the soil formation rate while the second definition links tolerated
value to the performance of a particular soil function. Verhesjeal. (2009 suggested to
integrate both approaches and proposed a more holistic definition of tolerable soil erasign as
mean annual cumulative (all erosion types combined) soil erosion rate at which a deterioration of

one or mordprimary) sa functions (e.ghabitat, production, storing, filtering) does not occur.

Soil functions can generally be judged not to deteriorate when soil erosion corresponds
to geologicalor normalconditions. The USDA1956 defined the following top ten influencing
factors of tolerable soil loss for a particular soil étial, 2009 the rate of soil formation from
parent material, the rate of topsoil formation from subsoil, reduction of crop yield by erosion,
soil depth; changes in soil properties favorable for plant growth caused by efos®af plant
nutrients by erosion, the likelihood of rill and gully formation, sediment deposition problems
within a field, sediment delivery from erosion site, availability of feasible, economic, culturally

and socially acceptable, as well as sustaaabll conservation practices.
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2.15.1 Threshold onditions

The main cause of gully formation is too much water, a condition that may be brought about by
either climatic change or alterations in land use. In the first case, increased runoff may occur if
rainfall increases or if less rainfall produces a reduction in the vegetation cover. In the second
case, deforestation, burning of vegetation and overgrazing can all result in greater runoff. If the
velocity or tractive force ofunoff exceeds a criticalr threshold value, gullying will occur. The
threshold valeshowever, can show a very wide range. For examplearies from 3.3 to 32.2Pa

on cultivated silloam soils in Belgium and from 16.8 to 74.4Pa on cultivated stony sandy loams

in the Alentejoarea of Portugal (Nachtergagk901).

Where the exceedance of threshold relates to changes in climate or land use, the threshold is
described as extrinsic (Schum@®79) because changes are external to the processes operating
within the gully. Attempts toelate gullying solely to changes in external factors metgroved
entirely successflowever, because not all gullies in an area appear to respond in the same way.
In order to explain onset of instability in one gully while its neighbours remaifestathumm
(1979) examined the role of intrinsic thresholds, which are related to the internal working of the
gully. From a review of studies in Wyoming, Colorado, New Mexico and Arizona, a
discriminant function was established between stable and unstatdéions in terms of the size

of catchment areaa), which controls discharge, and the channel slgewhich controls the
velocity of runoff. When, for a given catchment area, channel slope exceeds a critical value,
incision occurs, creating a channeharacterized by one or more head scarps. Subsequent

scouring causes gully to become very active: the channel widens, deepens and extends
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headwards. Over time, the channel slope is reduced, promoting a consolidation phase as the gully
stabilizes, the chamel fills in, the sides and head wall become flatter and vegetation regrows.
Deposition steepens the slope again and triggers a new phase of gullying. Thus gullies pass
through successive cycles of erosion and deposition. It is not uncommon for the aegullgf

to be extremely active while the lower section of the gully is stabilizing or for gullies to contain a

sequence of alternating stable and unstable sections.

Begin and Schumm (1979) and Moateal (1988) have established criticgila relationshifs to

the effect that gullies form when:

s>t 2.3

Wheret is the threshold value. Threshold values are higher forcntiivated land than for
croplandind also vary with the type of vegetation cover, differences in soil structure and soil

moistureand type of tillage (Poeseinal.,2003).

Figure2.3 shown he lines plotted in are befbt regression lines passing through data obtained
for gulliedcatchments. The threshold values also depend on the methad&dogyresult, some
gullied catchments will plot below the lines. Begin and Sch{b®) however, proposed
defining line below which gullied catchments did not occur andwhich could therefore be
interpreted as defining the condition at which all valley floors stefde.Therewill however, be
some ungullied catchments, which will plot above the liAlso, Morgan and Mngomezulu

(2003) showed that discriminant functions relaténg acould be usd to separate gullied from
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ungullied catchments in four areas of Swaziland. Out of asample of 201 catchments, only 8 per

cent were incorrectly classified by this method.
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Figure 2.3 Relationship between critical slope and drainage area for development of
Gullies
Source: Adopted after Poeseret al. (2003

The value ofb in egn 2.35 is generally interpreted in relation to processes operating in the
catchment. Values >0.2 are associated with erosion by surface runoff and those <0.2 as
indicating subsurface processeand mass movement (Montgomeand Dietrich, 1994;
Vandekerckhoveet al., 2000). For three of the four study areas in Swaziland, the values were
<0.2, which was surprising, since low saturated hydraulic conductivity of the soil and subsurface
material would inhibit development of ssurface channels or pipes (Schotd@97). Further,

there is no evidence of piping in the headwalls and sidewalls of the gullies. It was proposed that
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the low values may reflect increasing importance of groundwater seepage in contributing
undermining ad collapse oheadwalls in the later stages of gully evolution after the channels
have cut down to bedrock. This change in dominant process over time was observed in similar

gully systems in Madagascar (Wedlsd Andriamihaja 1991).

2.1.52 Threshold o$oil erosion risk

The Threshold was implementation of Cross Compliance 2@9ion clasification in 2010
(ErosionsSch2010). For this regulation, all field parts were divided into soil erosion hazard
classes according to the soil erosion risk. Basisckassification is the RUSLE (Renaed al.,

1991), and the adapted version for European soil and environmental conditions, Allgemeine
Bodenabtragsgleichung; Schwertmaeinal (1987) (ABAG). All equations evaluate the long

term average annual soil loss ¢fyeet and rill erosion and are defined by:

A=RXKXLXSXCxP 2.4

WhereA stands for the potential lortgrmaverage annual soil logs tors perhectare and year,

R is therainfall and runoff factgrK is the erodibility factor (soiltexture is the main factor
affecting K), L is the lengthfactor and S represents tlgadientfactor. C stands for the
vegetation and management facémd Prepresents theupport practice factoe.g. crossslope
cultivation). The CeGsoilerosion hazard classes depend on gbi type (Kfactor) and the
steepness (slopefactor) of the field parts. There are three classes for water erosion and two

forwind ercsion (Table 2.8
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Table 2.3 Soil erosion hazard classes according thé Cross Compliance regulations

Water erosion hazard class Description K (soil type) x S (slope)
CCwater0 (CCWa0) Low erosion risk <0.3

CCwaterl (CCWal) Erosion risk 0.3<0.55

CCwater2 (CCWaz2) High erosion risk O 0.55

Source M odified according to Délz, (2010)

The time period, during which inversion tillage (e.g. mouldboard ploughing) is permitted, is
fixed according to the factor of soil type and steepness. On fields pra@mesion (CCWal), the

use of mouldboard plough is only permitted if the following crop is sown befiDecember

and immediately after the harvest of the previous axbyge in the case of Nigeria is sown
before end of March depending on the time ofirgrseasons of the regiaris all other cases,
moldboard ploughing is prohibited during winter (from 1 December to 15 February). For field
areas, which are classified in CCWa2, mouldboard ploughing is prohibited for row crops with a
row distance of morehan 45 cm. For all other crops moldboard ploughing is prohibited over
winter. The use of mouldboard plough from 16 February to 30 November is only allowed, if the

sowing or planting follows immediately after bbllage (ErosionsSch2010).

2.2 THEORY/MODELS

2.2.1Theory of Fluvial Process on Hillslope

Kirkby (1980) observed that when a soil particles is struck by a raindrop, its initial velocity and
probability of movement is largely determined by its mass and raindrop momentum. Once in

motion, it is slowed by frictional forces and movement is encodrégeits downslope weight
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component, assisted by hydraulic tractive forces from the flowing water. Rainsplash has been
observed to move 4mm stones up to 20cm downslope, 2mm stones up to 40mm downslope
(Kirkby, 1976). At any given rainfall intensity, the sttince of movement decrease with
increasing particles size, but the mass transport, defined as the product of mean distance travelled

and particle mass, increasing with particles size for particles of up to 50mm diameter.

literature by Krkby (2004) revead that rain drops at speed up to 20mph, each drop has kinetic
energy which is released to splash soil particles upon hitting the ground, it can show soil
particles as much as 1.2 meter horizontally and 0.3 vertically. Raindrop impact breaks up clumps
of s0il. The lighter materials such as sand, salt, clay, and organic materials that are detached by
raindrops are more readily cadliaway by runoff. Yound and Weima (1973) pointed out that

the importance of raindrops energy has been confirmed by manyieh@tudies and is

reflected by the dominant role assigned to rainfall erosivity in most soil erosion model.

Kirkby (2004) observed that raindrop impact moves particles in form of random exchange, rather
than in one direction. Surface runoff occurs wideler slope when rainfall intensity exceeds
infiltration capacity and was believed to be the sole motor of fluvial erosion. A considerable
number of studies have carried out todstigate this relationship. Qfmata (1965) noticed that

in part of Nigeria ér instance Enugu area, the relief is not very high but in accentuated by
sandstone escarpment, which is relatively broken. Thus, favouring concentrated runoff a
necessary factor in gjies erosion. According to Ofoata(1965), these phenomenons attelkét

has led the occurrence of badlands structure (landscape) on the NsyKlaseali behind Enugu

escarpment.
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Krikby (2004) noticed that hill slopes essentially cover the whole landscape, some are steep
others are gentle under natural condition, watdtiment and rock more down slope. Surface
run-off on upland areas such as hill slope is often accompanied by soil erosion. Soil particle may
be detached when the impact of raindrops exceed the soil ability to withstand the impulse at soll
surface. Once dachment has occurred, sediment particle are transported by raindrop splash and
by overland flow. Obviously, the steepness, shape and length of slope affect both flow pattern
and resulting sediment transport capacity. In many places, sheet, rill andentsion dominate
erosion on hill slope. However, the unabsorbed water beginning flowing downhill in form of
sheet erosion, carry away the soil particles that have been loosened by the raindrop
bombardment, this process is called sheet erosion. Rawshspind sheet erosion generally
account for more than 70% of down slope erosion. Sheet erosion, turn into rill erosion when the
runoff beginning cutting small, separate channels as it travel down hills gradually increasing the
size of the rill. Gully erosin can be dramatic and can dump large amount of sediment into

nearby streams and river (Morgaral, 2001])

Runoff is the most important direct driver of severe soil erosion processes which influence
runoff, must therefore play an important role in anylgsis, measuring and assessing intensity

of soil erosion which reduce runoff are critical to effective soil conservation. Many erosion
process are active on hill slope, focus on-dump and ruroff. The velocity and amount of

runoff increase as the slopength increases. Measuremefitsoil loss from hill slope in Wst

Africa (Roose, 1971, as cited in Morgan, 1995) ranging in steepness from 0.3 degree to 4 degree
yield mean annual rate of erosion of 0.15, 0.20 and 0.03 t/ha under natural condition of open

savanna grassland, dense Savanna grassland and tropical respectively.
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2.2.2 Models of Soil Eosion

Erosion models are used to predict soil erosion. Soil erosion modeling is able to consider many
of the complex interactions that influence rates of erosjosimulating erosion processes in the
watershed. Model is a representation of reality. Also, it never claims to be reality but attempts to
mimic reality as much as possil{Breetzke, 2004)ln dynamic and ever expanding science of

soil erosion, modelsra the closest and only aspects that are useful to predict soil loss. Over the
years, researchers have developed several models for soil erosion to describe how an erosion
system functions and the system responds to change over time. These models fmehilsed

slope planning, farm planning, sipecific assessments, project evaluation and planning and
policy decisions making. Also, the model is used as research tools to study processes and the

behavior of hydrologic, soils and erosion systébs R00,1996).

Erosion models are of two types, namely; process based models and mathematically/empirically
based one§Agada, 2014)Both the process based and empirically/mathematically models are
available for predicting soil erosion and sediment transport at different scales. Empirically based
technology means regression or lumped mathematical models, which were developed using the
experimental data of plot studies on erosion by water. Universal Soil Loss Equation, USLE, later
revised as Revised USLE or RUSLE is one such model developed in the USA with over 10,000
plot years of research data and experience of soil scie(Rietsmardet al., 1996).It is the most

widely used model for soil erosion estimation because of the simplicity, it required less data and
easy integrated in GIS environments. It is based on the set of mathematical equations that
estimate average annual soil lossnirinterrill, rill and sheet erosion. Also others models such

as Chemical, Runoff and Erosion from Agricultural Management Systems (CREAMS) model
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(Kinsel, 1980),Agriculture Nonpoint Source Pollution model (AGNPS) mod#&loung et al.,

1987) and Soil andWater Assessment Tool (SWAT) mod@rnold et al., 1998) are the
examples of hybrid models which are based on USLE/MUSLE/RUSLE for the erosion
estimation but use the sediment transport approach on the basis of continuity equation for
estimation of sedimenyield. Process based models are intended to represent the essential
mechanisms controlling soil erosion and sediment transport process. These models are the
synthesis of individual component that affect the soil erosion and transport process. The process
based models includes European Soil Erosion model (EUROSEM) ifMdejanet al.,1998),

Aerial Nonpoint Source Watershed Environmental Response Simulation (ANSWERS) model
(Beasley, Huggins and Monke, 198&inematic Runoff and Erosion model (KINEROSpdel
(Woolhiser, Smith, and Goodrich, 199@&nd Water Erosion Prediction Program (WEPP)
(Nearinget al., 1989). Although physically based models try to emulate the physical processes
involved in soil erosion and sediment transport, the weakness of thefssn® numerous
parameters they need for calibration, they suffer from the problem of equifinality and not
compactible to GIS environmeBeven, and Freer, 20Q1Jhe European Soil Erosion Model
(EUROSEM (Morganet al, 1991, 1992)s a single procesbased model for assessing and risk
prediction of soil erosion from fields and small catchments. Morgan, Morgan and Finney (MMF)
model is an empirical model developed for mean annual soil loss estimation fromifexdd

areas on hilslopes (Morgart al.,1984) having strong physical base.

To analysesoil erosion and suggest appropriate management franvssed Morgan Morgan and
Finney RMMF) and RevisedJniversal Soil Loss EquatiofRUSLE) Models were selected for

this researclRevised Morgan Morgan anBinney model endeavors to retain simplicity of
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RUSLE and also encompasses the understanding of erosion processes into water and sediment
phasegMorgaret al.2005). Also,RMMF and RUSEL were chosen in this research over other
model such asWater Erosion Rediction Project (WEPP), Soil and Water Assessment Tool
(SWAT), European Soil Erosion Model (EUROSEM), and Annualized Agricultural IRomt

Source (AnnAGNPSphecause these models applied worldwide to soil loss prediction and their
convenience in applitan ard compatibility with GIS (Koukt al., 2009; Pandest al., 2009;

Bonillaet al.,2010).

Again, RMMF and RUSLEmodels were selecteahd applied in thispresentstudy becase of
their simplicity and flexibility in useas compared to the empirical mégland needs less data
than most of the other erosion predictive modelRevisedMorgan Morgan and Finnegnd
RevisedUniversal Soil Loss guation Models were easy inintegration with GIS and their
performance at a watershed/catchment level in Mubi Sisutiot yet known to the Isé of the
resear cher 0sencekneedwd applygterg motiels in this study in ordeartalys
estimateand predictsoil erosion risk in the Mubi South Local Government Area of Adamawa

State, Nigeria.

4 5LITERATURE REVIEW

2.3.1 Types andEffects of Soil Erosion

Worldwide, Soil erosion is regarded as one of the most critical environmental problems
(Meadows, 2003Wei et al.,2007;SchonbrodiStitt et al.,2013; Maet al.,2014). Although soil

erosion is a natural process, it Haen accelerated by human impact on the landscape due to
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agriculture, gr azi n-lorerastah,2000gieskavsky and Kendére€ssym®n e z
2012;Lehet al.,2013; Mandal and Sharda, 2013; Zleal.,2013. The agricultural activities,
construction of buildings, roads, railways and other infrastructures also result in soil degradation
and changes in the landforms (Cheetgal., 2013; Jimenezt al., 2013; Leeet al., 2013;

Villarreal et al,, 2014). The sbierosion mainly occurs in the form of sheet, rill and gully erosion

(Morgan, 2005; Le Roux et al., 2008).

Rill erosion is a process in which numerous small channels of several centimetres up to about 30
cm are formed (Bergsmet al., 1996). Amongst the iree formsof soil erosion rill erosion
remains the main cause for concern since it is a precursor of gully erosion. Rill erosion mainly
occurs as a result of concentrated overl and
welkd ey ne d c¢ hle anddétene, ROH2A. iThese channels act as sediment sources and
transport passages, leading to soil loss (Wetzal., 2012). Sheet erosion involves the
detachment and transport of soil particles by raindrop impact (rainsplash erosion) and transport

by shallow overlanl flow (Lal and Elliot, 1994).

The process of gully erosion generates 3 cm to 20 m deep gullies (Bergsma, 1996).
Although there are contradictory views about #hare of gully erosiom the total amount of
soil loss our experiences show that gully erosion processes have a bigger sharesdarf th

sheet erosion (Jakagt al, 2006).

Accor di ng t o t h ecatldugully aerosiomis one df thespsoseg of linear erosion
(Jakab,2008). Linear erosion islagicals ¢ i & name f@r this group of processes but it is not

used worldwide. Microrill, rill and gully erosion belong to the group of linear erosion
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processefoesenetal. 2003 nedgwy! | y er osi oessvwharsby rudmwaterer osi o
accumulates and otesturs innarrow channels and, over short periods, removes the soil from
this narrow ar ea TIoe oitdonsgof vdrieus éobms ef lindae grasibns(rl .

and gullyerosion) are given by JakgdB006 in Hungarian la g u a g e . | mationthe s c | a
value of 50 cm (width and depth) separates rills from gullies andageépr a ¢ k snechasa dey
special group of gullies. They were dealt lwin detail byKertész (1984). Kerény{1991)

applied also thé&0 cm value to dierentiate between rills and gullies. Various Hungarian and

foreign authors use d@érentthe s ho | d v ahitorss and dey

Soils of the loess covered areas are generally highly erodible because the parent material of the
soil is a loose sediment. The initiation and development of gullies is in some cases promoted by
subsurfacerosion, for exampley piping (called also siosion in Hungarian literature, Jakad

al. 2005). Gully erosion is more frequent under arid conditions and less frequent under humid
climatic conditions (Poesemt al, 1996. Must esearch concentrates the occurrence of erosive
rainfall events. In most cas the role of rainfalicharacteristics in SL Gully perceifthe
percentage of soil loss caused by gully erosion in the total soil loss of the catcEwidently

the amplitude anérequency of rainfall events are the most important rainfall charactsrigtiis

also evident thaany change in rainfall regimebécause of climate change) will lead to the

change of the value of SL Gully percents

Gullies are relatively permanent stesged water courses that experience ephemeral flows
during rainstorms.Compared with Stable River channels, which have a relatively smooth,

concave upwards long profile, gullies are characterized by a headcut and various steps or knick
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points along their course. These rapid changes in slope alternate with sections of tlery gen
gradient, either straight or slightly convex in long profile. Gullies also have relatively greater
depth and smaller width than stable channels, carry larger sediment loads and display very erratic
behaviour, so that relationships between sedimenthaige and runoff are frequently poor
(Heede, 1975a). A widely recognized definition used to separate gullies from rills is that gullies
have a crossectional area greater than  (actually 929 crf) (Poesen, 1993). Gullies are

almost always associatedtivaccelerated erosion and therefore with instability in the landscape.

Gully formation At one time it was thought that gullies develop as enlarged rills, but studies of
gullies orarroyosof the southwest USA revealed that their initiation is a more complex process.

In the first stage, small, depressions or Knicks form on a hillside as a result of localized
weakening of vegetation cover by grazing or fire. Water concentrates in thesesibesresd
enlarges them until several depressions coalesce and incipient channel is formed (Poesen, 1993).
Erosion is concentrated at the heads of the depressions, whenesriga scarps develop over
which supercritical flow occurs. Some soil particees detached from the scarp itself but most
erosion is associated with scouring at the base of the scarp, which results in deepening of
channels and undermining of headwall, leading to collapse and retreat of the scarp upslope.
Sediment is also producedrfher down the gully by bank erosion. This occurs partly by
scouring action of running water and sediment it contains and partly by slumping of the banks.

Between flows sediment is made available for erosion by weathering and bank collapse.

The sequencef gully formation, described by Leopodd al. (1964) in New Mexico, is shown

in Figure2.4. Not all gullies develop purely by surface erosion, however. Berry and Ruxton
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(1960), investigating gullies in Hong Kong that formed following clearance of méatnest
cover, found that most water was removed from the hillsides by subsurface flow in natural pipes
or tunnels, and when heavy rain provided sufficient flow to flush out the soil in these, the ground

surface subsided, exposing the pipe network agegull

Tunnel erosion has been widely reported in many hilly and rolling areas of Australia, where it is
associated with duplex soils. These are soils characterized by a sharp increase in clay content
between the A and B horizons so that the upper laye8j 0.6 m in depth, varies from loamy

sand to a clay loam and the lower layer ranges from a light to heavy clay. According to Downes
(1946), overgrazing and removal of vegetation cover cause crusting of the surface soil, resulting
in greater runoff. This pass into the soil through small depressions, cracks and macropores but,
on reaching the top of the B horizon, moves along it as subsurfacé&itiowe 2.4 showed the

stages in the surface development of gullies on a hillside
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Localized dispersion of the clays in areas of subsurface moisture accumulation is followed by
piping. Heavy summer rains cause water in pipes to bnetagroto the surface. Eventually, roofs

of pipes collapse and gullying occurs. In the Loess Plateau of China, tunnel erosion contributes
251 30 % of the catchment sediment yield (Zhu, 2003). Most of this relates to the development of
new tunnels rather thaanlargement of existing ones and takes place in single storms with return
periods of 50 years or more. In a storm of 107 mm over 7.5 hours, 67 new tunnels were created;

another storm of 37 mm in 115 minutes resulted in the formation of 123 new inletsie8ied
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concentration in tunnel flow ranges from 8.2 to 893.2 gathich was very similar to channel
flow (Zhu et al., 2002). Once formed, the tunnels continue to erode both during and between
storms through earth falls, slumps, water erosion and rocdpsd| in some cases, slumps and

earth falls lead to their temporary blockage.

A third way in which gullies are initiated is where linear landslides leave deep;sstieeiscars,

which may be occupied by running water in subsequent storms? This typdyaleudiopment

has been described in Italy by Vittorini (1972) and in central Varmland, Sweden, by Fredén and
Furuholm (1978). In the latter case, @28 m deep, 20400 m wide and 100 m long gully formed

in glaciofluvial deposits following the 1977 springosvmelt, which caused the removal, as mass

flow, of 20,000 m of saturated silt and sand in less than three days.

The damages resulting from soil erosion is also classified: definition of gullies and explanation
of gully development is given byorgan (996), as well asgludson(1995) who additionally
focuses on individual causes of the development of gulliey. et al(2002) give detailed
definitions of soil erosion features and processes such as sheet erosion aniltl énbeion, rill
erosion, as wikas ephemeral and permanent gully erosion. They also describe the influence of
changing laneuse on stream channel erosibtogg (1982) defines sheeflood, sheetwashand
sheetflow in termsof a hydrologic and geomorphiiased classifation system: a3heetflood is
unconfinel floodwater moving downhillp) sheefflow is a high-frequency, low magnitude
overland flow; c) sheetvash is superseded by the more meaningful termwash, which is

defined as the washingtam of rain onslopes.
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The varyingerodibility of different soils causes diffent erosion and soil erosi@amages.
Renschler and Harbo{2002) provide an overview of soil erosion assessment tools from point
to regional scalesGobin et al(1998) present an assessment of soil erosiosoutheastern
Nigeria, Bewket and Sterk2003) report results of a field scale erossoil moisture, in addition

to infiltration rates, also depends on evaporation rates.

2.3.2 Hydrophysical Parameters

Research on rainfall intensities and erosivity was cotatl by Nyssenet al (2005) for the
northrwestern Ethiopian Highlandkal (1998) measured rainfall erosivitydrop size distribution
and kinetic energy for two rainy seasondNigeria. Rainfall variationby ground measurements
as well as by satellite radar datvere measured and discussed.Seleshi and Derfiieg),
Nicholsoret al(1997),Hulme (2001), Schumacher and Houze (2002), Giaratial (2003) and
Fernandedllescas and Rodriguelturbe (2004) povide different methods of assessment and

appraisal of rainfall variations in Sahelian and-8ahelian areas.

Causes for inteannual rainfall variability are disssed by numerous authors sasffhompson

(2000), Gasse (2000), Mayewsial (2004),Adams and Piovesan (2005).

The prediction of rainfall totals for mountainous areas has been investigat€bdmaerts
(2000), who presents multivariate geostatistical algorithms for incorporating a digital elevation
model into the spatial prediction of rainfalrudhommg1999) introduces a method similar to
Goovaertg2000) for predicting spatial rainfall volumes in nrmbainous areas in Scotland. He

also uses the relationship between precipitation and topography. Thétgrasitor R, known
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from USLE or RUSLE, was focus of a study Wanget al(2002). The authorspredicts the
development of new isoerodent maps, sirfe® uncertainty of the JRctor values estimated

from isoerodent maps is unknown.

Erosivity by r aefnffeadtl 6)d,r ofper { s pdyasshur face run
the erosivity. Saturated ovVverdrbothdn tropica semia nd Hc
arid and semhumid landscapesZehetner and Miller(2006) studied the runc#rosion

behaviour of soils developed from volcanic ash bedrockRmckstromet al (1998) pursued

water balance modelling with a special focus on rupoéiducing surfaces for sandy soils in

Niger. For VertisolsFreebairet al(1986) monitored surface runoff on agricultural fields and its
influence on soil surface cover and soil moisture, whei&alsreul (1985) gives a general

overview of runoff generatn in the tropics.

Veihe (2002) examines the spatial variability of erodibility of soil types based on a case study in
Ghana. The estimation of-factors from soil types can in general be problematic because soil

classifications are often not based on paramegfieccting erodibity.

Erodibility of tropical soils is highly dependent on grain size distribution, clay content and
organic carbon content, which influence thabdity of soil aggregates. EBissonais(1996)
identifies four main mechanisms by which soil aggregateakbdown: slaking, differential
swelling, raindrop impact and physatemical dispersion caused by osmotic strBasthes and
Roose(2002) analyse topsoil aggregate stability and compared these results to susceptibility to
erosion.Mbagwu and Bazzoff(1998) investigate the resistance of dry soil aggregates against

rain drops.Valmis et al(2005) correlate interill erosion to aggregate instability, rainfall
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intensity and slope gradiemacro-cracks, as the result of shrinking soils, react to soil mastur
changes by opening and closing, as well as by the reorganisation of the clay particles. In heavy
clay soils infiltration and lateral water flow are dominated by mgen@ flow. Thus, three
components of porosity of this soil influence water infiltratiomatrix, stuctural and macro

cracks (Ruy et g1.1999).MartinezCasasnovast al(2004) reveal that gully sidewall processes

are influenced by either potential energy changes associated with variations in soil moisture

content or, in unsaturated condits, by the development of undercut hollows.

Infiltration rates of soils are also influenced by the morphometric characteristics of the land
surface.Yair and RazYassif (2004) investigated the influence of slope length gratient on

soil erosion. Aid and semiarid areas assumes increasing soil erosion with increasing slope
length, whereas the gradient is a minor fadibontgomery(2003) andPark and Van De Giesen
(2004) contribute research on spatial soil hydrological properties and their retateoxdscape
characteristicsWang et al(2001) show that heterogeneity of soil in time and space tends to
support the concept that soil erodibility depends dynamically and spatially on specific soil

properties.

Andréassiaet al(2004) highlight that serig/ity studies of rainfalrunoff models with regard to

the uncertainty of their inputs have focused quite exclusively on rainfall and only few studies
conside the sensitivity of potentiadvapotranspiration estimation. Research on actual and long
te)mmt ent i al evapotranspiration summari zes t ha
appear to be as meaningful as aBuwnash ®e5)0i |y a:

Ayenew (2003) quantifies eual evapotranspiration from spectral satellite dé&ia the Rift
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Valley Lake Region, EthiopiaJhorar et al.(2003) highlight the positive effect of using
evaporation when estimating soil hydraulics in sand to arid areas andwuerswalct

al.,(1994) explain the inflenceof soil moisture content changes on soil erosion.

Where runoff rates are relatively high over most of the hillsiderlamd flow, or, more strictly,

the combined action of overland flow and raindrop impact as interrill erosion, can be the
dominant erosin process on upper and middle slopes, with deposition of material as colluvium
on the footslopes. This appears to be true for many agricultural areas-oahesive soils type.

On loose, freshly ploughed soils on colluvial deposits 0228 slopes in Cabria, Italy, Van

Asch (1983) found that overland flow accounted foi @Y of the sediment transport. On
unvegetated sandy soils in Bedfordshire with an 11° slope, it accounts if80 f@r cent
(Morgan et al., 1986). On a loam soil on a 14° slope inheontBelgium it accounts for P26

per cent of the total soil loss, with rates ranging from 24 to 100 {Gavers and Poesen, 1988).
Interrill processes can also be the main agent of erosion on well vegetated slopes if the rainfall is

very high.
2.3.3Sal Loss Influencing Factors

The major factos controlling soil erosion arercsivity of the eroding agent, erodibility of the

soil, slope ofland andnature of plant cover.

2.3.3.1 Erosivity

i. Rainfall
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Soil loss is closely related to rainfall parthyrough the detaching power of raindrops striking soil
surface and partly through the contribution of rain to runoff. This applies particularly to erosion
by overland flow and rills, for which intensity is generally considered to be the most important
rainfall characteristic. The effect of rainfall intensity is illustrated by the data for 183 rain events
at Zanesville, Ohio, between 1934 and 1942, which show that average soil loss per rain event

increases with the intensity of the storm (Fourrié72).

The role of inensity is not always so obviohewever, as indicated by studies of erosion in-mid
Bedfordshire, England, taking data for the ten most erosive storms between May 1973 and
October 1975. While intens#orms;such as the one of 34.9mm on 6 Ju973, in which 17.7

mm fell at intensities greater than 10nmimiproduce erosion, so do storms of long duration and
low intensity, like the one of 19 June 1973 when 39.6mm of rain fell in over 23 hours (Margan
al., 1986). It appears that erosion is tethto two types of rain event, the shilived intense

storm wherenfiltration capacityof the soil is exceeded, amuolonged storm of low intensity

that siturates the soil.

Many of these studies show that at intensities greater tham#®, kinetic energy levels off&a

a value of about 0.29 MJfimmm* (Kinnell, 1987). However, much higher values of G.388
MJha'mni‘have been obtained in northern Nigeria (Kowal & Kassam 1976; Osuji 1989), Carter
et al. (1974) found that in the southern USA the kinenergy increased to a maximum value at
about 75mmH, decreased with further increases in intensity up to about 173ramth then

increased again at still higher intensities. In contrast, other studies in Japan (MB&Ia
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recorded rainfall energiesome 620 % lower than those calculated. Rainfall energy also varies
with the density of the air raised to the 0.9 power; as a result, energy increases with altitude.

il Rainsplash

The action of raindrops on soil particles is mostlgasiderstood bygonsideringmomentum of

a single raindrop falling on a sloping surface. The downslope component of thisntommis
transferred in full tosoil surface bytonly a small proportion of the component normal to the
surface is transferred, the remainder benefected(Huanget al., 1982). The transfer of
momentum to the soil particles has two effects. First, it provides a consolidating force,
compacting the soil; second, it produces a disruptive force as the water rapidly disperses from
and returns to the pdirof impact in laterally flowing jets(Huangt al., 1982). Whereas the
impact velocity of falling raindrops striking the soil surface varies from about 4onsa 1mm
diameter drop to 9nfisfor a 5mm diameter drop, the local velocities of these jets are about twice
these (Huanget al., 1982). These fast moving water jetghhold velocity to some of the soill
particles and launch them into the air, entrained within water dropktsute themselvdermed

by breakup of the raindrop on contact with the ground (Mutchler & Yqubg75). Thus,

raindrops are agents of lotonsolidation and dispersion.

The actual response of a soil to a given rainfall depeipedn its moisture content atiterefae,

its structural state andhtensity of the rain. Le Bissonnais (1990) describes three possible
responses:

i. If the soil is dry andainfall intensity is high, the soilggregates break down quickly by

slaking. This is the breakdown by compression of air ahead of the wetting front.
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Infiltration capacity reduces rapidly and on very smooth surfauasff can be generated
after only a few millimeters of rain. With rougher surfaces, depression storagmisrg
and runoff takes longer to form.

il. If the aggregates are initially partially wetted or rainfall intensity is low, micezking
occurs and the aggregates break down into smaller aggregates. Surface roughness thus
decreases but infiltration remainsghi because of the large pore spaces between the
micro aggregates.

iii. If the aggregates are initially saturated, infiltration capacity depends on the saturated
hydraulic conductivity of the soil and large quantities of rain are required to seal the
surface. Neertheless, soils with less than 15 per cent clay content are vulnerable to

sealing if intensity of the rain is high.

Over time,percentage area of soil surface affected by crust development increases exponentially
with cumulative rainfall energy (Govers &oesen 1985), which, in turn, brings about
exponential decrease in infiltration capacity (Boiffin & Monni#®85). Crustability decreases
with increasing contents of clay and organic matter since these provide greater strength to the

soil. Thus loams ad sandy loams are the maesinerable to crust formation.

Studies ofkinetic energy required to detach one kilogram of sediment by raindrop impact show

that minimal energy is needed for soils with a geometric mean particle size of 0.125mm and that
soils with geometric mean particle size between 0.063mm and 0.250mm are the most vulnerable
to detachment (PoeselB85). Coarser soils are resistant to detachment because of the weight of

the larger particles. Finer soils are resistant because the raindroy €asr¢o overcome the
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adhesive or chemical bonding forces that link the mineraisprisingclay particles.The wide
range in energy required to detach clay particles is a function of different levels of resistance in
relation to the type of clay mineraladthe relative amounts of calcium, magnesium and sodium

ions in the water passirigrough the pores (Arulanandan dtéinzen 1977).

Rain does not always fall on to a dry surface. During a storm it may fall on surface water in the
form of puddles or overfal flow. Studies by Palmer (1964) show that as the thickness of surface
water layer increases, so does splash erosion. This is believed to be due to the turbulence that
impacting raindrops impart to the water. No increase in splash erosiowatér deptlinas been
observedhowever, on sandy soils (@diri andPayne 1979; Poeserl981). Goverand Poesen

(1988) notedthat although raindrop impact detached 152t bfisoil over one year on a bare

loam soil on a 14° slope in Belgium, splash transport atedufor only 0.2 t ha of the soil

loss.

iii. Subsurface Flow

The lateral movement of water downslope through the soil is known as interflow. Where it takes
place as concentrated flow in tunnels or subsurface pipes its erosive effects through tunnel
collapse and gully formation are well known. Less is known about the eroding ability of water
moving through the pore spaces in the soil, although it has been suggested that fine particles may
be washed out by this process. Pilgrim and Huff (1983) meas@dichent concentrations as

high as 1 gt in subsurface flow through a slttam soil on a 17° slope under grass in California

in storms of 10mmih intensity or less. The sedimemiaterial were mostl§ine particles ranging

from 4 to 8mm in diameter, waseing detached by raindrop impact at the surface and then
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moved by the flow through the macropores in the soil. Under tropical rain foresidh fopes

at Pasoh, Negeri Sembilan, Malaysia, where erosion rates are very low, material removed as
dissolvedsolids in the subsurface flow can amount t6 2% of the total sediment transport
(Leigh, 1982). Subsurface flow is enhanced where subsurface drainage systems have been
installed, which can then serve as important pathways for sediment movement. @nha 30.
catchment with silty clay loam soils at Rosemaund, Herefordshire, flows through tile drains

account for up to 50 per cent of the annual sediment loss of 0:gRbasellet al, 2001).

Studies by Merritt (1984) on the hydraulic chaeaistics of he flow show thatthange from
overland flow to rill flow passes through four stages: unconcentrated overland flow; overland
flow with concentrated flow paths; microchannels without headcuts; and microchannels with
headcuts. The greatest differenexists letween the first and second stages, suggestindidiat
concentrations withimverland flow should strictly be treated as part of incipient rill system. In

the second stage, small vortices appear in the flow and, in the third stage, develop into localized
spots of turbulent flow characterized by roll waves (Rauws, 1987) and eddies (Savat & De Ploey,
1982). At the point of rill initiation, flow conditions change from subcritical to supercritical
(Savat, 1979). The overall change in flow conditions throbghfaur stages seems to take place
smoothly as the Froude number increases from about 0.8 to 1.2, rather than occurring when a

threshold value is reached (Toetial.,1987b; Slattery and Bryan, 1992).

Since rill flow is norselective in the particle sizecan carry, large grains, even rock fragments
up to 9 cm in diameter (Poesd®87), can be moved. Meyer al (1975) found that 15 % of the

particles carried in rills on a 3.5° slope of tilled silt loam were larger than 1 mm in size and that 3
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per cemn were larger than 5mm. On a 4.5° slope of bare untilled silt loam, 80 per cent of the
sediment transported in rills was between 0.21 and 2.0 mm in size and most of the clay particles
were removed as aggregates within this size range (Albeats 1980)

2.3.3.2Erodibility

Erodibility defines resistance of soi l t o
resistance to erosion depends in part on topographic position, slope steepness and amount of
disturbance, such as during tillage, propertiesthef soil are most important determinants.
Erodibility varies with soil texture, aggregate stability, sheength, infiltration capacity,

organic and chemical content.

Soil texturewith large particles are resistant to transport because of the greater force required to
entrain themwhile fine particles are resistant to detachment because of their cohesiveness. The
least resistant particles are silts and fine sands. Thus soils withrégint@bove 40 per ceare

highly erodible (Richter antilegendank1977). Evans (1980) prefers to examine erodibility in
terms of clay content, indicating that soils wilay content between 9 and 30 pent are the

most susceptible to erosion. The u$elay content as an indicator of erodibility is theoretically

more satisfying because clay particles combine with organic matter to form soil aggregates or
clods and it is the stability of these that determines resistance of the soil. Soils with a high
content of base minerals are generally more stable, as these contribute to the chemical bonding of
aggregates.Wetting of soil weakens aggregates because it lowers their cohesiveness, softens

cements and causes swelling as water is adsorbed on clay particles.
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Rapid wetting can also cause collapse of the aggregates through slaking. The-wpetting
initially dry soils results in greater aggregate breakdown than if the soil is already moist because,
in the latter case, less air becomes trapped in the soil @fratral, 1990). Aggregate stability

also depends on type of clay mineral present. Soils containing kaolinite, hallaydaste or
finegrained micasall of which are resistant to expansion on wetting, have a low level of
erodibility, whereas soils wh smectite or vermiculite swell on wetting and therefore have a high

erodibility; soils with illite are in an intermediate position.

However, the interactions betweermwisture content afoil and the chemical composition of both
clay particles andgoil waer are rather complex. This makedifficult to predict how clays;
particularly those susceptible to swelling, will behave. The erodibility of clay soils is highly
variable (Chisciet al, 1989). Although most clay lose strength when first wetted bechas
water movement from clayeleases é&nds between clay particles of some claysler moist
condition but unsaturated conditions of clegain strength over time. This process, known as
thixotropic behaviour, occurs because hydration of clay minaradsadsorption of free water
promoe hydrogen bonding (Grissinger aAdmussen1963). Strength can also be regained if
swelling brings about a reorientation of the soil particles from an alignment parallel to the

eroding water to a more random orientati@missinger 1966).

Grissingen(1966) noted thanhcreases in the moisture content of a soil decrease its shear strength
and bring about changes in its behaviour. At low moisture contents soil behaves as a solid and
fractures under stress, but with increasing moisture content it becomes plastic anbyyilelds

without fracture. The point of change in behaviour is termed plastic limit. With further wetting,
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soil will reachits liquid limit and start to flow under its own weight. The behaviour of a
compressible soil when saturated depends on whether tiee ean drain. If draiage cannot

take place andoil is subjected to further loading, pressure will increase in the soil water, the
compaction load will not be supported by the particles and the soil will deform, behaving as a
plastic material. If drainagcan occur, more of the load will be supported and the soil is more

likely to remain below the plastic limit and retain higher shear strength (Grissirg§s).

The mechanism of soil particle detachment by surface flow involves different failure soasses
soil surface compared with those generated by raindrop impact. Rauws and Govers (1988) show
that these can be represented by measurements of strength of the soil at saturation, made with a

torvane.

Infiltration capacity, the maximum sustained ratevhich soil can absorb water, is influenced by
pore size, pore stability and the form of soil profile. Soils with stable aggregates maintain their
pore spaces better, while soils with swelling clays or minerals that are unstable in water tend to
have low iriltration capacities. Although estimates of infiltration capacity can be obtained in the
field using infiltrometers (Hills, 1970), actual capacities during storms are often much less than
those indicated by field tests. Where soil properties vary witfilgrdepth, horizon with the
lowest infiltration capacity is critical. For sandy and loamy soils, the critical horizon is often the
surface where a crust of 2 mm thickness may be sufficient to decrease infiltration capacity

enough to cause runoff, thoutie underlying soil may be dry.

The organic and chemical constituents of soil are important because of their influence on

aggregate stability. Soils with less than 2% organic carbon, equivalent to about 3.5% organic
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matter content, can be consideredodible (Evans1980). Most soils contain less than 15%
organic matter content and many sands and sandy loams have less than 2%. Vetoaley
(1981) suggesdthat soil erodibility decreases linearly with increasing organic content over the
range of 010%, whereas Ekwue (199@bservedthat soil detachment by raindrop impact
decreased exponentially with increasing orgammattecontent over a 12%. These
relationships cannot be extrapolated, however, because some soils with very high organic
mattecontents, particularly peats, are highly erodible by wind and water, whereas others with
very low organic content can become very hard and therefore stronger under dry conditions. The
role played by organic material depends on its origin. While organic mdteriagrass leys and
farmyard manure contributes to stability of e soil aggregates, peat and undecomposed haulm
merely protect the soil by acting like a mulch and do little to increase aggregate strength (Ekwue

et al, 1993). Thus peat soils have very laggregate stability.

Many attempts have been made to devise a simple index of erodibility based opreplegties

of soil as @termined in the laboratory dield, or response of soil to rainfall and wind (Table

2.2). In a review of indices related tatgr erosion, Bryan (1968) favoured aggregate stability as

the most efficient index. Unfortunately, there is no agreement between researchers on the most
appropriate method to evaluate aggregate stability. Indices like instability ii®lexd pseudo

textural aggregation indexpta) (Tabk 2.2) are based on breakingaggregates by wetieving

a sample of the soil. But some researchers consider thaievetg does not adequately simulate
processes of breakdown as they occur in the field and prefer to measure proportiongsitaggre

that can be destroyed bppact of water drops (Bruc®kine and_al, 1975).
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Different researchers also follow different methods for the duration and speed of oscillation of
sieves in wesieving tests, and for the size and height of fall in wetep tests. Further work on
developing apppriate test probably needs to take account of factors that contribute to stability

of the aggregates. These are, respectively: for aggregates >10 mm in size, binding and adhesive
effects of plant roots; for aggregates ®L@mm, calcium carbonate andganic matter content;

for aggregates ofiPmm, the network of roots and hyphae; for aggregates of '3.06%n,

organic matter, roots and hyphae; and for aggregates <0.105mm, clay mineralogy and cementing

agents derived from microbiological activity (Befayoset al,2001).

2.33.3 Effect of Slope

Erosion would normally be expected to increase with increases in slope steepness and slope
length as a result of respective increases in velocity and volume of surface runoff. Further, while
on a flat surfae raindrops splash soil particles randomly in all directions, on sloping ground
more soil is splashed downslope than upslope, the proportion ingeasirslope steepens
(Morgan, 206).

a. Exponents for slope steepness: Working with data from experimental stations in

Zimbabwe, Hudson andackson (1959) observédat m was close to 2.0 in value, indicating
that the effect of slope is stronger under tropical conditions where rainfall iehebive effect

of solil is illustrated by laboratory experiments of Gabrilsal. (1975), who showed thah
increases in value with grain size of the material, from 0.6 for particles of 0.05mm diameter to

1.7 for particles of 1.0mm. The value also changiis slope, decreasing from 1.6 on slopes of
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0i 2.5° to 0.7 on slopes between 3 and 6.5°, too0® s| opes over 6di5A (Ho
1962). On steeper slopes, the value may be expected to decrease furthecase sl slopes

give way to rock surfees and soil aply becomes a limiting factor.

In a detailed study of soil loss from 33 reauat slopes on the Berihagos Highwg in Nigeria,
Odermerho (1986) notedalues ofm = 1.09 for slopes between 1.4 and 6°, 1.80 for slopes
between 6 and 8.5°2.18 for slopes between 8.5 and 11° ahd9 for slopes between 11 and
26.5 Theresults of these studies suggasturvilinear relationship between soil loss and slope
steepness, with erosion initially increasing rapidly as slope increases from gentledmi®p
reaching a maximum on slopes of aboui® and then decreasing with further increases in
slope. Such a relationship would apply only to erosion by rainsplash and surface runoff; it would

not apply to landslides, piping or gully erosion by pipdagse.

D6Souza and Mor gan (nm=056nconvel slogpasn0el dn straight slapes o f
and 0.14 on concave slop& studies have been madeefifiect of changes of slope in plaas
at 1984, but Jackson (1984épservedfrom erosion surveysra laboratory experiments that

discharge varies with an index of contour curvature to the power of 5.5.

Table 2.4a and b showed tinelices of soil erodibility for water erosion
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Table 2.4aindices of Soil Erodibility for Water Erosion

Static laboratory tests

Dispersion ratio

Clay ratio

Surface aggregation ratio

Erosion ratio

Instability index (i)

Instability index (is)

Pseudo-textural aggregation
index (fpta)

Yasilt +%day inundispersed soil

Yesilt+ %clay after dispersalof the soilinwater

Saclay

surface area of particles = 0.05mm
i%silt+%d ay in dispersed soil) =i %silt + Yaclay inundispersed soil)

dispersionratio
colloid content/ moisture equivalent ratio

Yasilt + Yaclay
Al +AG + A Db

where Ag is the % aggregates >0.2mm after wet sieving for no pretreatment and
pretreatment of the soil by alcohol and benzine respectively

Bosilt + Yaclay
(%aggregates » 0.2mm after wet sieving)- 0.9(%coarse sand)

MWDw - MWDt
X = MWD

where MWDw is the mean weight diameter of the wet-sieving grain-size
distribution (mm), MWDt is the mean weight diameter of the primary particle
grain-size distribution (mm) and X is the maximum average grain-size diameter of the
particles in the given grain-size distribution

=100
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Table 2.4Indices of Soil Erodibility for Water Erosion

Static field tests
1

Erodibiiy-index mean shearingresistance x permeabilty Chorley:(1959)

Soil cohesion direct measure of soil cohesion at saturation using a torvane Rauws and Govers
(1988)

Dynamic laboratory tests

Simulated rainfall test Comparison of erosion of different soils subjected to a standard storm Woodburn and
Kozachyn (1956)

Water-stable aggregate %WSA > 0.5mm after subjecting the soil to rainfall simulation Bryan (1968)

(WSA) content
Water drop test % aggregates destroyed by a pre-selected number of impacts by a standard raindrop Bruce-Okine and Lal
(e.g. 5.5mm diameter, 0.1 g from a height of 1m) (1975)

Erosion index dh Voznesensky and
a Artsruui (1940)
where d is an index of dispersion (ratio of % particles >0.05 mm without dispersion to

% particles >0.05 mm after dispersion of the soil by sodium chloride); A is an index of
water-retaining capacity (water retention of soil relative to that of 1g of colloids);
and a is an index of aggregation (% aggregates >0.25 mm after subjecting the soil to
a water flow of 100ecmmin~' for 1h)
Dynamic field tests
Erodibility index (K) mean annual soil loss per unit of £y, Wischmeier and

Mannering (1969)
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If soil loss is assumed to vary with the square of discharge, valmdetomes 3.5. Contour
curvature ishere defined as the proportion of a circle centered on a point on a hillside that
lies at a higher altitude than that po{dackson1984) The index ranges from 0 to 1 in
value with values <@. indicating diverging slopes, ovalue of 0.5 a straight slope and
values >0.%n converging slopes.

b. Exponents for Slopedngth

The value of 0.6 for exponentapplies only to overland flow on slopes abolit 2@ m long,

with steepnesses greater than 3°.Wischmeier and Smith (1978) mopdses ofn = 0.4

for slopes of 3°, 0.3 for slopes of 2°, 0.2 for slopes of 1° and 0.1 for slopes of less than 1°.
Kirkby (1971) suggesesithatn = O for soil creep and splash erosion, ranges between 0.3
and 0.7 for overland flow and rises to betwedhdnd 2.0 if rilling occurs. This implies that

the value oh will vary with distance along a hillside as for exampieij creep close to the
summit gives way first to overland flow and then to rill flow. Without riigpay become
negative on slopes Iger than about 10m. The increasing depth of overland flow downslope
protects soil from raindrop impact so that, though the transporting capacity of overland flow
increases, erosion becomes limited by rate of detachment, ddicbasedvith slope length
(Gilley et al.,1985). Once rills form, soil loss will either increase with slope length (Meyer
et al.,1975), particularly if the density of rills is very high, or decrease because, as the flow
becomes concentrated, there is no longer sufficient flow omtegill areas to remove all

the material detached by rainsplash (Abrahatred.,1991). Erosion may also decrease with
increasing slope length if, as the slope steepens, the soil becomes less prone to crusting and
infiltration rates remain higher thapn the gentlesloping land at the top of the slope

(Poesen1984). Similarly, if the slope declines in angle as length increases, soil loss may
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decrease as a result of deposition. Clearly, with such a great range of possible conditions, a
single relationkip between soil loss and slope length cannot exist.

2.3.3.4Effectof plant cover

Vegetation acts as a protective layer or buffer between atmosphere and soil. The
aboweground componentsuch as leaves and stems, absorb some of the energy of falling
raindrops, running water and wind, so that less is directed at the solil, while-¢gp@land

components, comprisirtipe root system, contribute toechanical strength of the soil.

Plant coverswhere leaves and stems are not in contact with the soil but form a canopy at
some height above the soil surface, soil loss ratio is conventionally considered to reduce in a
linear relationship with increagin percentage cover (Wischmeier and Smith, 1978;
Dissmeyer and-oster, 1981)Moreover, for adequate protection at least 70 per cent of
ground sirface must be covered (Elwell aBtbbcking, 1976) although reasonable protection
can sometimes be achieved with between 30 and 40 peraxamt The effects ofegetation
however, e far frombeing straightforwardJnder certain conditions, a plant cover can

exacerbate erosipdepending on how it interacts with the erosion processes.

3.3.4 Estimate Soil Loss

Soil erosion by water is an important form of lasdegradation. It is estimated that one sixth

of the worldbés soils are affect edoubdyl,0%at er
million hectarespf which 43% suffer from deforestation and removal of natural vegetation,
29% from overgrazing, 24% from improper management of agricultural land and 4% from
overexploitation of natural vegetation (Walling and Fang, 2003). Humdmced land

degradations one of the more destructive phenomena relating to natural resources in the
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world, and is recognized as a key issue for conservation in the 21st century @Rath,
2000). In mountain environments of developing countries, soil erosion regularlyainsist
rural development and exacerbates poverty by undermining the productive capacity of

highland agriculture and livestock raising (Zimmerer, 1993; Lal, 2001).

Erosion embodies the processes of rainfall and flow detachment, entrainment or transport
and ceposition of soil particles. The processes controlling sediment detachment, transport
and deposition are complex and interactive (€bgl.,2002). This complexity results in the
lumping of many sulprocesses undeerosion processn many erosion modelsThe
difficulty in observing, monitoring and measuring erosgncesses during erosion events;
owing to the scales at which the processes occur, necessitates use of erosion models for

prediction of erosion in catchments (Jetéeral.,2003).

Soil loss isnormally estimated with empirically dnphysicallybased models (Jha and
Paudel, 2010). The wekinown physicallybased models include Water Erosion Prediction
Project (WEPP) (Flanegaand Nearing, 1995), Limburg Soil Erosionadel (LISEM) (De

Roo, WessetigsndRitsema, 1996), European Soil Erosion Model (EUROSEM) (Mog&gan
al., 1998), and Revised Morgan, Morgan and Finney model (RMMF) (MaxgdrFinney
2001). Empirically based models include SLEMSA (Soil Loss Equation Model of Southern
Africa), and Uniersal Soil Les Equation (USLE) (Wischmeier a8dnith, 1978). Universal

Soil Loss Equation (USLEyNassuccessfully applied ithe tropics in Kenya (Burrough and
McDonnell, 1998). In its original form USLE was applieda plot of land (Wischmeier and
Smith, 1978) and in recemnt e aapgication of distribted USLE is wide spread (Besketv

al., 2009).
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Over the years, therdas been remarkable reports on progress in development of
mathematical tools for erosion transport modelling, with a tendency towaydgalty or
processhased model development (Yowtgal., 1989 Jettenet al., 2003). Most of the
current procesbased erosion models can be roughly divided into three main groups namely:
plot, field or hillslope scale; catchment scale; and complex lapgsmodels (Merritet al.,

2003). But fieldand catchment scale is chosenthis present research because of data
availability, nature of the study area awmthoice of models used. Meanwhile there are
numerous modelshat combine more than one of the edaconceptsas a number of
important issues for effective erosion assessment at catchment and regional scales remain
unsolved. For example, many current methods require a large number of experimental input
data unavailable in ungauged catchments, impbeé#acts of terrain shape are not taken
into account, numerical methods used for the model implementation exhibit instabilities
when used at high resolutions adetailed spatially variable outputs are limited (Perein,

al., 2001).

Numerous research gducted byHill and Schitt (2000), Raniet al. (2002), Van Oot al.

(2004), Kinget al. (206) and Metternicht and Gonzal@p05 demonstrates that geo
information and remote sensing techniques in combination with erosion models are powerful
tools for generating and supportisgch understanding. Therefommphasis has been put on

use of geanformation techniques for geospatialtaanonitoring, handling angrocessing

and use of remote sensing as sources of data for GIS inputs. At the most basic level,
estimates of erosion risk can be derived by classifying pixels according to percentage of bare
soil (Parigit and Nadaoka, 2003). &thietet al. (1997), Haboudare al. (2002) and Singét

al. (2004) modified this scheme by estimating vegetation parameters from Medium

Resolution Imaging Spectrometer (MERIS), LaneBst and SPO¥4 satellite imager and
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combining them with slopéactors gnerated from a DEM to produce an erosion rate map.
On the other hand, empirical soil erosion models in combination with soil, climate,
vegetation and topography information have been implemented wsimote sensing
technology (Fet al., 2005). Classificaon of LandsafTM imagery has been used over the
years to estimate crop management factor of USLE (Millward and Mersey, 1999; Zhang,

1999).

There are different strategies for linking erosion models with GIS, ranging from loosely
coupled to tightly couptk arrangements. Pullar and Springer (2000) categbtiwee levels
of integration:
i. Loose couplingGIS system and erosion model are separated, and the files must be
transferred back and forth externally between GIS and the model.
ii.  Tight coupling: GIS (typically) provide the shared interface to move spatial data
betweerGIS andseparated modelling program.

iii. Embedded: model is fully integrated as a component in the host GIS application.

Most current integrations of soil erosion models with GIS are examplésedfirst two
approaches. In the third approach, linkages are problematic owing to lack of a temporal

dimension in most GIS systems.

Kabir et al. (2016) estimied soil erosion dynamics iKoshi Basin Using GIS and Remote
Sensing to Assess Priority Areag fGonservation. This study used remote sensing (RS)
data and a geographic information system (GIS) to estimate spatial distribution of soil
ercsion acrosentire Koshi basin, to identifchanges between 1990 and 2@hd to develop

a conservation prioritynap. The revised universal soil loss equation (RUSLE) was used in

an ArcGIS environment with rainfall erosivity, soil erodibility, slope lengtd ateepness,
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covermanagemenand support practice factors as primary parameters. The estimated annual
erosion from the basin was around 40 million tonnes (40 million tonnes in 1990 and 42
million tonnes in 2010). The results were within the range of reported levels derived from

isolated plot measurements and model estimates.

Erosion risk was divided into eightasses from very low to extremely high and mapped to
show spatial pattesof soil erosion risk in the basin in 1990 and 2010. The erosion risk
class remained unchanged between 1990 and 2010 in close to 87% of the study area, but
increased over 9.0% of tleeéea and decreased over 3.8%, indicating an overall worsening of
the situation. Areas with a high and increasing risk of erosion were identified as priority

areas for conservation.

2.35 Soil Erosion Risk

Erosion risk asessment is the process of estimating or judging the value or functional status
of ecological processes in a location at a moment in time (Petiahf 2005). Monitoring is
the orderly collection, analysiand interpretation of resource data to evauptogress

toward meeting management objectives (Pekdrat. 2005).

Obinnaet al(2013pnssessed and mappletg term erosion hotspots in South East Nigeria.
The study is aimed at assessiegel of erosion across the entire region and map areas
vulneralte to erosion, over an extended period of tinkgosion hotspots in the region have
been identified through field observations with obviolisiitations such as being time
consuming, expensive and tedious. The Revised Universal Soil Loss Equation (RM&LE)
implemented in a GIS, in conjunction with remote sensing techniques as an alternative

method of identifying erosion hotspots. The research identified five levels of erosion risks in
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the regionranging from extreme to verpw risk areas, and highligéd spatial distribution

of erosion hotspots in the region. The hotspots are mainly located in most parts of Ebonyi
State, some parts of Enugu State (Northwest axis), Anambra State (South East and Central
axis), and most parts of Abia State. Results from spatiotemporal variations analysis
carried out revealed thttere are increasing levels absion risk inEbonyi State from 1986

to 2011.

Yahya et al(2013) conducted research aospatial estimation of soil erosion risk using
RUSLE approach, RS, and GIS Techniques: A Case Study of Kufranja Watershed, Northern
Jordan.Wadi Kufranja catchment (126.3 Km northern Jordan, was selected to estimate
annual soil loss using the Revised Universal Soil Loss Equation (RUSLE), remote sensing
(RS), and geographic information system (GIS). RUSLE factors (R, K, LS, C and P) were

computed and presented by raster layers in a GIS environment, then multiplied together to

predict soil erosion rates, generate soil erosion risk categories and soih es@goity maps.
The estimated potential average annual soil loss is 10 tdnyear* for the catchment, and
potential erosion rates from recognized erosion classes ranged from 0.0 to 1850
ton-ha'-yeaf'. About 42.1% (5317.23 ha) of the catchment ares yredicted to have
moderate risk of erosion, with soil loss betweenZs ton-h&"-yeaf* and31.2% (3940.56
ha) of the catchmenhas severe t@xtremesoil erosion with abouR5 - 50 and >50
ton-ha'-yeaf* soil loss. Apart fromgentle slopes of the alial fan (Krayma town and
surroundings), the lower and middle reaches of the watershed suffer from severe to extreme
erosion risk. High terrain, slope steepness, removal of vegetatidnp@or conservation

practices wee the most prominent causes of sribsion. This investigation demonstrates

that remote sa&ing (RS) and GIS technologies meeffective tools in modeling erosion,
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thus enabling extraction of sigraéint information for implemeintg soil conservation plans

in the north Jordan highlands.

Thomsenet al(2015) measured soturface roughness, comparing old and new measuring
methods and application in a soil erosion madedouthern NorwayQuantification of soil
roughness such as the irregularities of soil surface due to soil teaggesgates, rock
fragments and land management, is important as it affects surfacgestarfltration,
overland flowand ultimately, sediment detachment and erosion. Subsequentlyales

were used as input faiiSEM soil erosion model to test thedffect on simulated hydrograph

at catchment scale. Results show that statistically significant differences between the
methods were obtained only fdields with direct seeding on stubble; for the other land
management typeshe methods were in agreemefte spatial resolution of the contact
methods was much lower than for the sensor methods (10,000 versus at least 57,000 points
per square metre). In terms of costs and ease of use in the field, the Xtion Pro method is
promising. The resultBom LISEM indicated that especially the roller chain overestimated

the Random RoughnesdkR) values and the model subsequently calculated less surface

runoff than measured.

LopezVicenteet al(2015) assessed soil redistribution at catchment scale by coupling a soil
erosion model and sediment connectivity index (central Spanish prepyrenees). Catchment
scale both in field and numerical simulation studies was for the study. Also, two different
predictive models and a sound fidddsed dataset were used in assessingdtential soil
redistribution in a Mediterranean raied agricultural and mountainous catchment. (La
Reina gully catchment, Cin&¢/ i | lregiébns NE Spain). The models employed were;

enhance ModifieeRMM-2014 version of the Modified RMMF Model (MorgamdFinney,
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2001; LopezVicentest al,2010) of soil erosion and the Index of Connectivity model of
sadiment connectivity. The auth®ffirst ran the IC model under six different scenarios of
runoff pathways and results were compared with field observation of soil redistribution in a
cereal experimental plot (1.9 ha; 1x1m of cell siz&}. model was run at La Reina gully
catchment (23ha; 5 x 5 m) and IC values were analyzBdedicted rates of both models
were correlated 61&ontrol points and three areas were identified at the plot; erosive, stable
and depositiongbrone areas, affecting 30%, 22% and 48% of the soil surface.ntesd

that the average erosion rates in each area were3.3, 1.5 and 1.1' Mg léith standard
deviation values of 20.3, 19.0 and 8.3 Md'lya*. The best performance was obtained with

IC model when the map of geomorphic features (rill, ephemeral ghe fan deposits)
was used in the simulatioihe resultof predictedshowed clear differences in the index of
connectivity along catchment though extension of area with predominant proceabesitof

11% soil loss within the catchment area

Haile andFetene (2012) estimated that about 97.04 % of Kilie catchment, East Shoa, have
0i 10 Mg ha'yr' erosion rate. In Borena district of south Wello, the rate of soil loss

estimated between 10 Mg and 80 Mgia'(Abate, 2011).

2.3.6 Predicting of Soil Erosion Loss

There hasbeen a number of modbhsed studies of soil erosion in small individual
watersheds in the Nepal Himalayas. Satisfactory reswde alsoobtained using the
Revised Morgan, Morgan, and Finney (RMMF) model in Pakhriba&scBan, Gurng and
Chand, 1992and Likkhu Khola valleys (Shrestha947)and RUSLE in Bagmati basin (Jha

and Paudel, 2010). The RUSIES interface has several advantages in terms of easy
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updating, integratin of spatially referenced dasad the facility to presemhapping results

in different forms. A number of studies have shown good results using RUSLE together with
GIS methods and RS data to model soil erosion (Pandey Chowdary and Mal 2007 ;ekdediji
al., 2010; Peroviet al., 2013). RUSLE and RMMF have also beapplied to the Kalchi
Khola watershedo predict soil loss rates asgatial erosion pattern (Jha and Paudel, 2010).
In the present study, the RUSLE and RMMF maaete usedogether with remote semng)

(RS) data and GIS to predietosion risk dynamicsiiMubi South watershednd determine

priority areas for soil conservatida erosion prevention.

Owusu (2012) carriedut a research o®1S-Based estimation of soil loss in Densu Basin in
Ghana.The Universal Soil Loss Equation (USLE) and Revised Univ&sdlLoss Equation
(RUSLE) were used to estimate soil loss. Input data include soil, rainfall, digital elevation
model (DBM) and its derivative slope mafand use map and cultivation parameter (C). A
PC Raster GIS soil loss risk mapasdeveloped for Bnsu basin using models of Universal
Soil Equation (USLE) and Revised Universal Soil Equation (RUSLE). The model predicted
average, minimum and maximum annual soil loss rates of 2.2, 0, and 63 yrha
respectively, indicatig that some areas in thesimwee above tolerance level of 5.0 t ha

yr't. The total soil loss was 756,507 tonnes per hectare per year. Among the soil types
Lixisols experienced the highest soil loss of 402,080 iyHd with Plinthosols experiencing

the lowest soil loss of 64hd* yr't. Among the administrative districts in the baSahum,
Kraboa and Coaltar experienced the highest absolute soil loss of 216,95 % hevhile
Fanteakwa experienced highest average soil loss of 4'% yrhia Mountainousareas of the

bash exhibited high risk of soil loss that exceeded tolerance level of 5'tyHd, and
districts found on mountainous part of the basin are more erodible. Channel erosion

dominates in the valleys of Den®iver while there are also evidence of splash aitid r
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erosion occurring upstream. Proper soil management can use these risk maps to make

decision on soil conservation.

Luet al(2004) maped soil erosion risk in Ronddnia, Brazilian Amazonia using RUSLE,
remote sensing and GIS. Soil map and soil survey data were used to develop the soil
erodibility factor (K), and a digital elevation model image was used to generate the
topographic factor (LS) The cover management factor (C) was dewsdoppased on
vegetation, shadand soil fraction images derived from spectral mixture analysis of a
Landsat Enhanced Thematic Mapper Plus image. A soil erosion risk map with five classes
(very low, low, medium, mdiumhigh, and high) was produced based on the simplified
RUSLE within the GIS environment. The results indicate that most successional and mature
forests are in very low and low erosion risk areas, while agroforestry and pasture are usually

associated wh medium to high risk areas.

Amore et al(2004applied twosoil erosion models both spatially distributed, to three large
Sicilian basins upstream of reservoirs. In the study, each basin was subdivided into
hillslopes, using three different classes ofrage area, in order to estimate the scale effect

on sediment yield evaluatiorhe first model was the empirical Ueirsal Soil Loss Equation
(USLE) and the other one was the physically based model of the Water Erosion Prediction
Project (WEPP)A Geographial Information System was used as a tool to handle and
manage data for application of mo@mputedsediment yields were compared with each
other and with measurements of deposited sediment in the reservoir, and for these cases the
WEPP estimates bettapproximated the measured volumes than did the USLE. Neither

the modet appeared to be particularly sensitiveatea ofillslopes, at least within the range

of values considered. Thisgests that a finer subdivisicalthough it may better defirtbe
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experimental conditions (plot or field areas) for calibration of model, may not result in a

better estimate of erosion.

2.3.7 Empirical Literature Review

From the litereture reviewed, Odunze (2002) studnedthing in a semarid zone of nigeria

for soil erosion control and grain yield of maize Zaria, Kaduna State. The method
employed includes; sediment collected in 94 liter capacity drums in each treament of

selectecherbaceous legumeghich was intecropped with maize.

A sole maize and maize/stvamulched treatment were also maintained and evaluated for
soil loss control potentials. Sediments were obtained in each year of 1993 and 1994. In 1993,
ten and seven soil loss events were monitored in July and August while in 1994, both July
and August wee saperately monitored for six and five sediment events in September under
the treatment. Universal Saibss Equation was used to determim¢entialannual soil loss.

The researchevealed that water erosion is a major factor degrading soils of Nig&eian

Arid ecoregions and making agriculture less sustainable. The sedudined show that
there was generally higher sediment yields in 1993 and 1994 under legume live mulch and
sole maize gatment than straw much. Thesearchealso found that stramulch followed

by Stylosanthesral Macrotyloma live mulch treatents resulted in significant maize grain
yields than sole maize and Mucuna live much treatment.ré@$earcherecommended the

need for measured and estimate soil loss, and suitable manageaetices that will ensure

sustained productivity of the soil.

Joriet al. (2003) in their research titled application of semantitative methods and

reservoir sedimentation rates for the prediction of basin sediment yield in $paiauthors
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explored the useof semiquantitative approaches to predict mean annual-geeific
sediment yield (SSY) at the scale of small to medgsiraed basins. Factorial Scoring Model
(FSM) and PSIAC model was employed. Some variations of these models werd é&pplie
predict SSY for the 60 reservoirs, using reservoir sedimentation rates, Sediment yield at
Spanish reservoirs and its relationship with the drainage basin area. Based on the research,
FSM explained 72% of variability found in reservoir sedimentaticiestawhich was
significantly better than estimates based on basin area alone, explaining only 22%. The
PSIAC explained 58% of the variation in SSY. The researches only concentrated on

reservoir and fadldto cover the entire catchment area.

Iguisi (2003) conducted a research on validation of soil loss estimation model for two
location in Zaria, Nigeria. The research was aimed at validating the model for two sub
basins near Zaria, Nigeria. Morgan, Morgan and Finney model was used and the soil loss
was meased at multiple points within each stasin using Garlac erosion troughs to
collect overland flow and vacuum tfiition techniques to determiremount of soil loss
contained in the collected overland flow. The result showed that Hbasib 1, measured

soil loss ranged from 0.441 to 4.396 mt/ha/yr with a mean of 2.197 mt/ha/yr. -loesirb 2,

soil loss ranged from 1.71 to 12.789 mt/ha/yr with a mean of 5.643 mt/hal/yr. It was also
observed thasoil loss generated by the model indicates thatkadin 1 dst about 0.38
mt/ha/yr while sukbasin 2 lost about 2.19 mt/ha/yr. Result of statistical analysis which
compared measured btst with estimated soil losshows that estimated soil loss amount
was not significantly different from measured soil loss I two experimental sulbasins.
Morgan MorganFinnery model was employed ithe researchbut not the revised MMF

model The researchr also did not usedIS techniques. Hence, the need for the present
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research to use GIS techniqueslerive some input pameters for revised model and also
to show the spatial distribution of hydrophysical parametersof@oing research and

produce maps of predicted soil erosion risk.

Andeet al(2009)predicted soil erosion using MMF model on highlydissected hilly tesfain
Ekiti environs in southwesternNigeria. Their aim was to assess the potentiabrgam/
Morgan and Finney (MMF) odel in predicting soil erosion in an agrarian EKiti
environment. Results showed that erosion was low in the area in spitelafdiseape. The
highest soil loss was 1.275 kgmgr“from rock hill with slope greater than 15%. The lowest
was 0.942 kg yr™ at lowlands covered with riparian forest. The average estimated annual
soil loss of the study area was 1.112 Kgwhichwasless than tolerable standard of 1.33
kgm?yr™ or 3 tons acréyr. The MMF model shows that the cuntdanduse/cover in the
area wasugainable because erosion risk wadowthe critical level. Despitese of MMF
model by the researchers, it was donhe or conducted with the revised version. Also, the
research failed to look aspatial distribution of hydrophysical parameters of soil erosion.
Thus, the research was not GIS inclined, which triggerggbingresearchn Mubi South

asupported by Tamer(@005); Tesfahunegmet al(20113).

Parlet al. (2011) assessed soil erosion risk in Korean watersheds, using the Revised
Universal Soil loss Equation and GIS. The result showed that most mountainous areas are at
high risk of soil erosion caused by water while lowlands in river basin areas suffer lower
risk. They found that soil erosion at p=0.1 is less than that at p=0.02. Further, the difference
of soil erosion modulus between p=0.1 and p=0.02 will increase as average rainfall

increasesThe authors also noticed thabpes in the region ranged fron®Q@o 24.1°, among
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which slopes steeper than 30% only take 1.3% of the total area. The research failed to
consider some hydrophysical parameters from GIS techniques, hence the need for the
present research to use RMMF model with GIS techniques to ascartdirproblems and
predict soil erosion risk. Also, revised universal soil loss equation has many limitations for
application at catchmersicale and in applicability due to intensive data and computation

requirements as pointed out by Fox and Bryan (2@@d)Kinnell (2000).

Qi (2011) assessl soil erosion risk in the hilhgullied area for Luoyugou watershed in
Tianshui, Loess Plateaand NorthChina.The research attempted to simulate distribution of
soil erosion risk in a small watershed named Luoyugou (Tianshui, North China) by an
uncertainty inference model based on Subjective Bayes andItGi@s observedthat the
impact on soil erosiorrdm vegeation cover is obviouand soil erosion risk will plummet
from 56.98% without vegetation cover to 10.5% with vegetation cover. Again, the
probability of soil erosion possesses the trend of exponential growth along with the slope
enlargement and has incredsto about 0.497%, 1.834%, 10.232%, 27.987%, 41.665% or
55.639% separatelyomparedwith only considering vegetation factor under various slope
classifications. The research only concentrates on gudgion and fails to assessjor
hydrophysical paraeters that lead to formatioof gully erosion in the areas. Also, the
researchfailed to predict areas that areulmerable to gully erosionbasedon the

hydrophysicaparameters.

Prasannakumaet al(2011) estimated soil erosion risk within a small mountainous sub
watershed in Kerala, India, using Revised Universal Soil Loss Equation (RUSLE) and geo
information technology. A comprehensive methodology that integrates Revised Universal

Soil Loss Equatin (RUSLE) model and Geographic Information System (GIS) techniques
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was adopted to determine soil erosion vulnerability of a forested mountaineusirshed

in Kerala, India. The spatial pattern of annual soil erosion rate was obtained by integrating
gec-environmental variables in a raster based GIS metBedgraphic Information System

data layers including rainfall erosivity (R), soil erodability (K), slope length and steepness
(LS), cover management (C) and conservation practice (P) factors were edntput
determine their effects on average annual soil loss in the area. The resultant map of annual
soil erosion shows a maximum soil loss of 17.73 tyH with a close relation to graasd

areas, degraded forests and deciduous forests on the stesfpgae(with high LS ). The
research concentrated on mountainous area with the aid of RUSEL only without integrating

it with RMMF Model in order to know the best model sdifor the environment.

Vieiraet al. (2013) modeled runoff and erosion and theiitigation in burned Portuguese
forest. The method empleg was using revised Morgan Morgaimney modellt observed

that revised MMF model can easilyprovide a set of simple criteria for management
decisionsfor runoff and erosion irutmed areas. Thsuccessful pmctions of runoff and
erosion at the validation site attestto its applicability to othexalgpt and pine sites in
Portugaland suggest that it may well have wider applicability tojoste condi t i ons
vegetation types elsewhere hiet Mediterraneamhey mainly concentrateon wildfire and
mulching in plantations for the study area and not soil erosion and also fail to involve

geospatial techniques.

Gebreyesuset al(2014), soil erosion prediction used MorgdorganFinney model in a
GIS environment in Northern Ethiopia catchmeihe study aimed to derive spatial

distribution of hydrophysical parameters and applied them in Mek@nganFinney
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(MMF) model for estimating soil erosion in Maiegus catchment, northern Ethiopia. Major
data input for the model include climate, topography, land use, and soil data. The method
employed was MMF model. The results show that rate of soil detachment variedZ@om

hd'y' to >170 t ha'y' !, whereas soil transport capacity of overland flow (T&)ged from

5t ha'y''to >42 t hd'y'®. The average soil loss estimated by TC using MMF model at
catchment level was 26 t Hg *. Also in most parts of the catchmer80%), the model
predicted soil loss rates higher than the maximum tolerable rateh@8/t") estimated for
Ethiopia. This is the method to be adoptedhe presentesearch but using revised MMF
model of the year 2@l because the study area laasimilar characteristics with ongoing
research and also it requsrkess input data unlikeneé other models put forward by other

scholars.

Moreoveret al(2014) evaluated soil erosion risk in the basement complex terrain of Akure
Metropolis, Southwestern Nigeria. They employed the method of principal component
analysis (PCA) and using weightetlex overlay raster tool in ArcGIS software. Composite
erosion index map of the study area was produced. The erosion index map classified the
Akure Metropolis into three zonédsvery low risk (57.5%); low risk (33.9%) and moderate

risk (8.6%). The resultshowed that most parts (91.4%) of the metropolis fell within the
very low to low risk mbnes with tendency for sheetiriérosional features. Areas with
moderate risk with tendency for gully erosion were located on the high slope region. They
only concentreed on GIS fased soil erosion risk but failed apply any model to ascertain

spatial variability of other parameters.

Augustine and Chima (2015) mappedpotential smisien risk areas in Imo Statsing the

Revised Universal Soil Loss Equation (RUSLE), Remote Sensing (RS) and Geospatial
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Information System (GIS) Techniques. The Revised Universal Soil Loss Equation (RUSLE)
was implemented in a GIS, in conjunction with remote sensing techniques. The stu
identified five levels of severity in the statanging from extreme to very low risk areas, as
well as spatial distribution of erosion risk areas in the State. Itolvssrvedthat long and
continuous huma disturbance and deforestatiomith combinedeffect of K, LS and C
factors, accoued for high level of soil loss across the area. Most of the hotspots were
located in north eastern part of the Stathich correlated with areas of steep slopes. The
research did not integrate RUSEL with RMMF Modelcompare for best model suited for

the environment.

Based on review of previous literaturechapter two of this work, various erositoatused
studieswere carried out by researchers in the coun®gnze, 2002tguisi, 2003;Andeet

al., 2009; Tekweet al., 2014;Augustine and Chima, 20L3However, some of these studies
largely focusedon different parts of the world (Pardt al, 2011; Prasannakumat al,
2011;Gebreyesust al, 2019, using RUSLE and RMMF model. Most of tpeedictions of

soil ercsion risk for the region werkargely produced through ground surveys of affected
sites, looking into the areas of gullying and their phydiemical properties, especially in
some pass of the study area (Mubi SolithThe menace of erosion has drawn attention of
researchers at local, national and global research community, and has led to studying of

various effects and aspects of soil erosion in various parts of the world.

2.3.8 Summary of Literature Review

Based on the review of previous literaturehis chapter, it wa®bservedhat il erosion

risk assessment is the process of estimating value or functional status of ecological processes
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in a location at a moment in time and it also involved monitoviigch are the orderly
collection, analysis, and interpretation of resource data to evaluate progress toward meeting
management goalddowever, Obinna et al(2013) conductetbng term assessment and
mapping of erosion hotspots in South East Nigérie study only aimed at assessing level

of erosion across the entire region anap areas vulnerable to erosionoegtended period

of time without looking at the hydrophysical parameters which play a measure role is
assessing soil erosion riskahyaet d. (2013) analysedspatial estimation of soil erosion

risk usng RUSLE approach, RS, and GlI8chniques but also failed to considered
hydrophysical parameter§homsenet al (2015) only measured soturface roughness,
comparing old and new measuring hwds and application in a soil erosion model
southern Norway without using geospatial technolagypezVicenteet al. (2015) assessed

soil redistribution at catchment scale by coupling a soil erosion model and sediment
connectivity index (central Spaati prepyrenees) without assessing spatial distribution of the

soil hydrophysical parameters.

On the same note, there H@een a number of researches conducted on Aedeld studies
of soil erosion in small individual watersheds in the Nepal Himalayaissf&ctory results
were also obtained usirRevised Morgan, Morgan, and Finney (RMMF) model and RUSLE
in the Bagmati basin using RUSLE together with GIS methods andaRSta model soil
erosion.Revised Universal Soil Loss Equatiand Revised Morgan, Morgan, and Finney
have also been applied wmatershed to asseasd predict soil loss rates and spatial erosion
pattern as pointed out by (Jha and Paudel, 2010). Owusu (2012) carried a resé&zligh on

Based estimation of soil loss in theeisu Basin in Ghana but only used RUSLE without
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using hydrophysical parameteod soil erosion. This iSimilar to the research contted by

Lu et al(2004)

Perriret al. (2001) pointed out that numerical methods used for the model implementation
exhibit instabilities wien used at high resolutions atetailed spatially variable outputs are
limited. Research conducted by et al. (2006) and Metternicht and Gonzal@d09
demonstrates that geoformation and remote sensing techniques in combination with
erosion models are powerful tools for generating and supporting such understanding. It was
notedby Paringit and Nada@k(2003) that at most basic level estimates of erosion risk can
be derived by classifying pixels according to percentage of bare soh wehédso supported

by Singhet al. (2004) and (Fet al, 2005). Itis also statedthat since 1999 clagigation
LandsatTM imagery hadused over the years to estimate crop management GdRWSLE

as poined by Tateisht al. (2004) that the normalized difference vegetation index (NDVI)
was the most useful in estimating of soil erosi@m a similar note, Kabiet al. (2016)
estimated soil erosion dynamics in Koshi Basin using only RUSLE with GIS and Remote
Sensing to AssesgiBrity Areas for Conservation only and results were within the range of

reported levels derived from an isolated plot measurements and model estimates.

Moreover, Odunze (2002) studiedilching in aSemiArid Zone of Nigeria for soil erosion
control andgrain yield of naize in Zaria, Kaduna State. Conventional method such as
Universal Soil Equation Lossas used to determir@otential anual soil loss without the
useof geospatial technigues. Thougdbris, Jean and Gert (2008)their research explored
useof semiquantitative approaches to only predict mean annualsgreecific sediment yield
(SSY) at the scale of small to meditsized basins of reservoir and fail to cover the entire

catchment area.
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Again, lguisi, (2003) validatesdoil loss estimation odel for wvo locations in Zaria, Nigeria,
using old version of MMF modehat did not involve GIS techniques. On the same note
Ande, Alaga and Oluwatosin (2009)predicted soil erosion using MMF model on
highlydissected hilly terrain of Ekiti environs isouthwesternNigerjameanwhile the
research was not GIS inclinedarket al(2011), Qi (2011) anéPrasannakmar et al(2011)
used Revised Universa&oil Loss Equation (RUSLE) ande@information technology
without integrating it with RMMF Model in ordeotknow the best model sad for the
environment. On the same noteVieiraet al (2013) modeled runoff, erosiocand their

mitigationmeasuresbut failedto involve geospatial techniques.

Gebreyesus, Tesfahunegn and Paul (2014) assessegredtidted soi erosion using
MorganMorganFinney model in a GIS environmerithis methodis adopted in my
researchbut by usingRevised MMF model of the year 201decause the study area had a
similar characteristics witthe ongoing research and alemuire less input data unlike the
other models put forward by other scholars. Thodiginet al(2014) evaluated soil erosion
risk but concentratton GIS based soil erosion risknd failedto apply any model to
ascertain spatial variability of soil hymphysical parametersOn the same manner,
Augustine and Chima (2015) mapped potential soil erosgknarieas but also failed to use

RUSEL with RMMF Model to compare for best model suited for the study area.
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CHAPTER THREE
STUDY AREA

3.1 THE STUDY AREA

3.1.1 Location

Mubi south Local GovernmentrAais located in Northeasteigeria between latitudel)°

4 Nj 3 Q08 MN\) N, and Longitudes PR0N) & - 13° 27N) Bofthe Greenwich Meridian
(watershed is locateti 0 U 4 NjLOBI1G\§ONd N ,Longitndds 180 106dN} 13° 25Nj
30 0)EThe study watershadeacovered about 148.43 Kn{sq km). The study area is
bordered by Lamurde from Nortbast, Gella Local Government Area to the East, Wuro
Bobbowa and Girgi in the Souilvest. The map and location of study area is show

Figure 3.1.

3.1.2 Climate

The climate of the study area is tggl of the tropical savanatiimate count 2431 of Aw
koppenGeiner classificationTemperature in this climatic region is high because of the
radiation income, which is relatively evenly distributed. However, there is usually a seasonal
change in the temperature. There is gradual increase in temperature from January to April.
There is also a distinct drop in temperature at the onset of rainsodthe effect of
cloudiness. A slight increase after the cessation of rain (October to November) is common
before the onset of harmattan in December the temperature in Yola réacpat€icularly

in April and whileminimum temperature can be as low a8CL& the south to 27°8 in the

northeastern part in December (Adebayo and Tukur, 19R8nfall Erosivity ranges
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between 481m to 192m with abdli.5mm to 15.8mmainfall per day and.5mm to 4.6m

rate of potential evapotranspiration.
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The area icharacterized by a typical tropical wet (Apdktober) and dry (November
March) climate with a mean annual rainfall ranging from 700mm to 1,050mm (Adebayo,
2004). The vegetation is a typicalBan savanna with short grasses interspersed with shrubs
and fev trees (Adebayo, 2004; Tekwa and Usman, 2006¢. variation in climatic variables
in the hilly areas affects the rate of runoff that influenced the rates of soil erosion in the

study area.

3.1.3 Vegetation

The study area is usually characterizedobghardtype vegetation due to its limitation in
inherent fertility Nwakaet al, 1999). The major vgetation formations in the Mubi South

are the Sudan Savannah. Within each formation is an interspersion of thickets, tress
savannah, Open grass savannald &inging forest in the river valleys. It is however
necessary to note that large scale deforestation resulting from indiscrimination extraction of
wood for fuel and expansion of agricultural land areas have left large area within each
vegetation type wih few indigenous woody plant species. Most areas especially those close
to settlements are covered with exotic species such as the neem and eucalyptus trees.
However, the original forest type could still be found in patches in each zone and
particularly dong the Nigeriani Cameroon borders where there has been little or no

disturbance on the forest ecosystem.

Sudan Savannah zohas a mean annual rainfall ranging from 700 to 900mm and the rainy
season last for about8nonth. This zone covers Gulak, Mikhiand parts of Mubi and
Hong Local Government Areas. The dominant woody plant spices in this zoAeara

seneegal Acacia nilotica, Adonsonia digitata, Borassu aethiopum, Ziziphus-Bpista
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Selerocarcya birrea,and Terminalia avicennioidesSpecis of Southern and Northern
Guinea Savanna zones may be found in the zone. More abundant grass species of the zone
including Aristida longiflora, Cenchrus biflorus pennisetum pedicellatand Eragrostis

spp The @en grass savannah and fringing foresheriver valleyf the study area led to

the surface runoff because the land are not covered by vegetation and this led to the

accelerated runoff lead to the foemation of the various soil erosion types in the study area.

3.1.4 Soils

Soils of the studwrea belong to the order lithosols (Agboola, 1979; Adebayo, 2004; Tekwa
and Usman, 2006). Lithosols constitute one of the upper categories of FAO/UNESCO soill
classification systemAduayiet al., 2002). They refer to soils with rodkasements within
shallow depths from the soil surface and this implies shallowness and stoniness of the
surface soil depths.

Luvisols: These are derived from basement complex and have a typicainceg horizon

with high base saturation of more than 50%. They are the most aoswile after Regosols

in Adamawa State and cover the 213, 222, 28, 229 and 240 units. They have high ferric
properties with iron oxides concretions, and are most of the time red to deep brown in colour
in the B Horizons. They are lateritic, hydromorphian semiarid places like Mubi and
Madagali area, lime enriched and called calcic luvisols. They could be plinthic, calcic, gleyic
or chronic. These soils are moderately acid, and are shallow to moderately deep and well
drained. They have gravel to loarsgnd surface horizons, and have a high pH of about 5.1

to 6.1 and organic matter is moderate to highO (2006)

Arenosolsand Regosols There are relatively young soils or soils with very little or no

profile developments, or very homogenous sandsgrareped together. These are found on
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mountain sites within the 213 and 232 units. On these types of soils, weathering is slight and
involves no accumulation of the products of weathering. The B. horizon may not be very
clear and reddish in colour, whilee original carbon content is most of the time leached out.
The proportion of weathered minerals in the type ofsgsigreater than 30%, and they are
strondy acid in reaction. They are also deep poorly drained with medium texture and have
loam, sandy lam, silly loam or loamy sand surface horizons, and the lower horizons are
usually sandy clay loanThe studyarea have soil moisture 0.072 %, bulk density of 1.63
Mgm?, 2.33 gkg' soil particledensities 6.66 gkg' organic carbon, 0.68f soil porosity and

11.46 gkd' organic matte(FAQ, 2006) This soil type, moisture conted and bulk density of

the study area is still at the state of development and as the result, is is poorly drained and

this led to the surface runoff and formatiwirill and gully erosion.

3.15 Relief

It has mixed assemblage of scattered granitic outcrops on geitlé)(@ steep (1:22%)

slopes with dissected soil surfac€gomorphologyf the area consists of dissected uplands,
pediment slopes and narrowllegs. The hard Crystalline basement are ancient Precambrian
rocks formed from series of orogenic cycles within the middle belt of Central Africa. The
various ages obtained from its absolute dating revealed Libie(2500 200 Million year$

My), Eburnea 1 (1800 200My), and Kibarian (1200+200My) orogenic eve@sssoles

and Laserre, 197and Holtet al., 1978). The rocks of these events are commonly the
Gnesses, Migmatites and Quartzites. However, many of the structural traces were obliterated
by the Later Proterozoic and PAfrican thermotectonic events that spanned from 750My to
500My (Rahaman, 1988¥ranitisation by intrusion of Granites, Granodiorites agdrites

during this period transfored the older rocks into oriented Biotianite, Blotite and
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porphyroidgranite, and alkaline granite.These recycled crystalline rocks are located in the
northern andsouthern fringes of the State. They outcrop at Mubi, Song, Garkida Jada,
Ganye and Toungo as prominent ridges consequent to compression during the orogenic
events. The hilly nature of the study area facilited the movement and transportion of
sediments whic affects the velocity of the surface water flow leading to distruction of
agricultural productivity, decline in soil nutrients and formation of rill and gully erostion at

the dediplain.

3.1.6Geology

Geology of the area consists Bfecambrian Bsement acks, while parent materiaff the

soil is undifferentiated Basementof@plex, represented by migmatijeeisses, schists,
guartzites aplite, medium and coarpained granites, pegmatite, diorite, and amphibolites
(Adebayo, 2004)Most prominent physicakgture in the area ib¢ Mandaravountain that
spansthe length of Mubi arealndustrial Mineralsinclude Clay, gypsum, limestone,
Benthonite, Trona, Graphite, Feldspar, and Quartz. Clay rocks are found in Mubi, Garkida,
Gombi, Numan and Ganye areas. The deposit at Mubi had been exploited for the
manufacturer of brunt bricksThe undifferentiated Basgent Mmplex allowed free
movement of water, especially groundwater movement and this help in reducing the
intensity of soil erosion in the study area because the water easily infiltrated in at the hilly

areas and flow down the slope.
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3.1.7Drainage

Thedrainage basin is the part of the eastinface, whichs drained by mainteeam and its
tributaries, the geomorphic unit flow of land surface is govelneitls properties and it is an

open system in which energy flows (Jayakumar and Siraz, 1997)djoe river that flows
through the area is the River Yedzeram, and it is one of the rivers that drain into Lake Chad.
It has a total length of about 330 km. It takes it sourcenfthe Hudu Hills soutleast of

Mubi and flows northward into the Chad (Adebagnd Umar, 2004)The present of the

river as well as its tributaries facilited the rate of soil erosion in the study area. Also, redused
the rate of soil erotion in the study area especially in the hilly part of the study area where
water easily drainedh to the tributaries thereby redusing soil sealing and crust formation in

the study area.

3.18Landuse

The landuse type is basically arable farming and animal produdtituhoi is geographically

well placed and functions not only as center of commerd¢bkeirregion but also extends its
sphere of influence to countries such as Cameroun, Central Africa Republic and Chad.
Numerous banks, filling stations and hotels exist in the town to support commercial
activities. Another factor that led to growth of tlwevh is ruralurban migration experienced

from surrounding village¢Adebayo, 2004)The dominant landuses in the study area are;
agricultural land, forestry/vegetation, water body, builtup Area and bareéor@over, the

town has become center of learning with numerous tertiary and secondary institutions

established in the metropoliBareland and builtup area reduces the infiltration rates wich
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inturn led to surface runoff leading to formation of sheet erosion audtseo rill and gully

formation.

3.19 Population

The study area has a total projected population 26f, 378 people (National Population
Census 2009 in 2015. The growth of Mubi town is traced to agricultural, administrative,
and commercial functiong performs. By 1902, Mubi was a German base from where
neighbouring tribes (i.e Fali, Gude, Kilba, Higgi, Margi and Njanyi) of the region were
subjugated (Adebayo, 2004). On 1st April 1960, Mubi was made Native Authority
headquarters (Adebayo, 2004). Teame year, July 1960, the town became provincial
headquarters of the defunct Sardauna province (Adebayo,.2804967, Mubi was made
L.G.A Headquarters whal in 1996, tb town was spiiinto MubiNorth and MubiSouth

local government areas. Currentlyethhown is the seat of Mubi Emirate Council and
headquarters of Adamawkorth Senatorial District.The population of the study area
facilited human activities and led to high agriculture activities, overgradefprestation
leadingto thedistructions ofvegetation and forest in the study area. These anthropogenic

activities make the study area vulnerable to soil erosion risk.
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CHAPTER FOUR

METHODOLOGY

4.1 RECONNAISSANCE SURVEY

Reconnaisancesurveywas carried out by the researcher to get acquawitbdthe study

area in terms @bil erosion sitg selections of coordinate location pointsioice for major

land useclasseground thruthing and major crdppes selected for the study April 2015.

Also in July 2016, dcus group interview was carriedit with head of farmer (Sarkin Noma)

in the study area in order to get information on type of soil conservation practices in the
study areaThese help the researcher to familiarized with the terrain and the land uses of the

study area for better filedwork and choised for supervised classification.

4.1 TYPES AND SOURCES OF DATA USED
The typesand sourcesf data used for this search arsummarized in &ble4.1.

Table 4.1: Types, Sources and uses of Data

S/NO Types of Data Sources of Data Uses
1 Landsat thematic mapper of 20. Download from Qobal Input Parameter for the
with 30m resolution, LandCover Facility web Model as land use type
2 Quickbird image of 2015 with eHealth Africa Kano Mapping of soil erosior
0.5 resolution types
3 ASTER ImaggDEM)(Advanced Download from Global Input Parameter for the
Spaceborne Thermal Emission Land Cover Facilty web RMMF and RUSLE
and Reflection Radiometer) web Model
4 Coordinats for the 80 soil Fieldsurvey Input Parameter for the
sampling points RMMF and RUSLE
Model
5 rainfall data Geography NIMET Input Parameter for the
(departmenADSU Mubi) RMMF and RUSLE
Model
6 Organic matter Content LaboratoryAnalysis Input Parameter for the
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10

11

12

13

14

15

16

17

Soil texture
(Particle size distribution)

Soil moisture
(gravimetric)

Soil detachability index

Bulk density

Cohesion of soil surface
(aggregatstability)

Soil moisture storage capacity

Effective hydrological top soil
depth (porosity/particle density
Milting points at 0, 0.3 and 1t

bars.
Ratio of actual
evapotranspiration

Crop types cover

Vegetation cover

Slope steepness

to potentia

LaboratoryAnalysis

LaboratoryAnalysis

empirical relations

LaboratoryAnalysis

LaboratoryAnalysis

Field and
Analysis

laboratory

LaboratoryAnalysis

empirical relations

Field survey

Landsat imagery of 201! vegetation

in ArcGIS 10.3
From ASTER image

RMMF and RUSLE
Model

Input Parameter for the
RMMF Model

Input Parameter for the
RMMF Model

Input Parameter for the
RMMF Model

Input Parameter for the
RMMF Model

Input Parameter for the
RMMF Model

Input Parameter for the
RMMF Model

Input Parameter for the
RMMF Model

Input Parameter for the

RMMF Model

Input Parameter for the
RMMF and RUSLE
Model

covel
conditionsfor RMMF
Input Parameter for the
RMMF and RUSLE
Model

Source: Author (2016)

4.3

4.3.1Field instrumentsused

MATERIALS USED FOR THE RESEARCH
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HandlesSingle Auger of 1.5mvasusedto drill soil sampling locations.



Vi.

Vil.

4.3.2

Vi.

Shovels, single spiral hand augers, bucket augerfiap& powedriven coring

tubesvasised to take soil samples of about 500 g each thenfield.

Core samplemwas usedfor taking anddeterminationfsoil bulk density and soil

moisture

Mettler Electronic Scalgasused for measurements of soil moisture content at field

capacity.

Cloth Tapeof 30 meters lengthasised for measurements of various soil erosion

typesin the study area.
Soil Thermometevasused to take soiemperatureat field capacity.

Garmin Dakota 10 Global Positioning Syst€@PS Receivewasused along with
Open Data Kit form (ODK) for soil sapling point navigationtalaollection and

soil location description.

LaboratoryMaterialsised

Sieve of 2mnwasused to sieve 10g air driedil for laboratory analysis.

Bouyoucos hydrometefasused as measurement cylinder to determine soil texture.

i. Capillary ation in KR boxwasused to determine soil moisture content in the

laboratory in 1500F1 20 Bar Pressure Plate Extraction.
Pipette and sievingasused to determineod particle size
Erlenmeyer flaskwasused to weigh soil organic matter.
1500F1 20 BarPressure Plate Extractiwasused to determine soil moisture

retentions.
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vii. Soil sampling Retaining Rgwasused insidePressure Plathold sample during the
extraction process.

viii.  Soil psychrometer wased t@stimation ofeffective soil hydraulic propertieby
top soil noisture

IX. Pocketpenetrometavasised to measut@ohesion of soil amongst others.

SeePlates 1 to 8(see appendiXior the some Laboratory Instruments used for the analysis.

4.4 FIELD WORK

i.  Soil Sampling

Franzeret al, (1998) pointed out thatrigl soil samplingarausedas basds dividethe field

into soil units (zone samplingh order todetermingoil variability in the sampling zonand
provide more information abotibte soil hydro-physical parametsior the sample collected

from the entirahe sampling areaGrid Sampling by zonewas chosenbecause it was
assumedhat sampling areas are likely to remain temporally stable (Birrell, Sudduth and
Kitchen, 1996 Franzeret al,1998).See appendix Il for grid sampled location.

il. Soil Sample Collection

A total of 65out of the proposedoil samplesvascollected based on grid sampling points
generated in ArcGIS 10.3. Figure 4.1 slsae location of samplingpoints in teidyarea

Each sampledsailascollected at 1.4km (1,240m) intervals along transects which were also
1.4km (1,240m) at a map scale of 1:100,000 apaitg the grid method in Figure 4ahd
using spiral auguringsee Plates 11 to 12 This helged in taking unbiasedsoil samples at
egud intervals and in taking theoil coordinates. Since soils aheterogeneoum nature,
there wasa need to take the coordinates at equal interval (Birrell, Sudduth and Kitchen,
1996; Franzenet al.,1998)All the composite soil samplegerecollected ata soil depth of
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0-20 cm (the plough depth) since thighe most vulnerable deptto soil erosion, longerm

land usechange and soil management practices.

Soil sample of 500g from theits samplesvastaken. Thesoil samples of about 500vwgas
removed from the field with the best available tools (shovels, spiral hand augers, bucket
augers, perhaps powdriven coring tubesisee Plate 9 for the equipment usetiyturbing

the sample soil structure as little as possible (Dirksen, 19899 coe sampler of 5cm
height and 4.5 cm radiusasused to take the reading for Soil Moisture Content at field
Capacity with the aid of Mettler Electronic Scale (precision weighing Balaagcehown on

Plate 10 Open Data Kit form server platform (ODKyas usedfor soil sanpling location
description as show in Appendid IForm. Soil samplesvere air dried and sieved through
2mm mesh sieves, before analysis for soil textures. On the other hand, undisturbed soil
samples were collected from each soil sampling tpfain bulk density and soil moisture
determinatiorusing core samplein addition, field level observation and measurement for
parameters; such as effective hydrological top soil depth (m), ground cover and cover factor

wascarried out from the geospat@mpling points.
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Figure 4.1: Mubi South showing 80 Grid SamplindPoints within the WatershedArea

Source: (Generated from Advanced Spaceborne Thermal Emmission and Reflectipn

(ASTER) Imagery of (2015)
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Three (3)soil profile pitsweredg on the highslope, medium slope and low s® he soil
profilepits (shallow pits)were dg at100cmwide, 100cm long and 200cm deep respectively
(see Plate 18 Platel4) and ODK formwasised for soil profile descriptiofsee Appendix
I1).Soil sampling pointsoordimtes and data descriptioobtained from the fieldwas
downloaded from ODK server amuported into ArcGIS software environment as way point
to show their distribution in the study areend for further analysis and discussions

Moreover, Plate9 to 1qseeappendix Jshows the pictures of fielassistance.

4.5INPUT PARAMETERS FOR THE RMMF MODEL
The Input Parameters used for the RMMF Maate presentedri Teble 4.2.

Table 4.2: Input Parameters for the RMMF Model

Factor Parameter  Definition and Remarks
Ramfall R Anmual or mean annual rainfall (mm)
R, Number of rain days per year
I Typical value for intensity of erosive rain (mm /h); use 10 for

temperate climates, 25 for tropical climates and 30 for strongly
seasonal climates (e.g. Mediterranean type and monsoon)

So1l MS So1l moisture content at field capacity or 1 /3 bar tension (% w /W)
ED Bulk density of the top soil layer (Mg /m’)
EHD Effective hydrological depth of soil (m); will depend on vegetation /

crop cover, presence or absence of surface crust, presence of
impermeable layer within 0.15 m of the surface

K Soil detachability index (g /J) defined as the weight of so1l detached
from the soil mass per unit of rainfall energy
COH Cohesion of the surface scil (kPa) as measured with a torvane under
saturated conditions
Landform 5 Slope steepness (7)
Land cover A Proportion (between 0 and 1) of the rainfall intercepted by the

vegetation or crop cover

E /E Eatio of actual ( E,) to potenfial { E_ ) evapotranspiration

C Crop cover management factor; combines the O and P factors of the
Universal Soil Loss Equation

CC Percentage canopy cover, expressed as a proportion between 0 and 1

GC Percentage ground cover, expressed as a proportion between 0 and 1

PH Plant height {m), representing the height from which ramdrops fall

from the crop or vegetation cover to the ground surface

Source: Morgan (2014)
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4.6INPUT PARAMETERS FOR THE RUSLE MODEL

The Input Parameters used for RESLE Modelarepresentedn Tabble 4.3

Table 4.3: Inputs Parameters for RUSLE

Factor Parameter Definition and remarks

Rainfall R
Saoil K
Topographic LS

Cover C
management

Conservation P
practice

Rainfallrunoff erosivity factor (MJ.mm/ ha.hr.yea
(Arnoldus, 1980)

Soil texture/ erodibility in ton.ha.hr/ (MJ.mm.ha) (USD
1978)

Slope length and slope steepness (m) (Moore Bundh,
1986a,b)

Ratio of soil loss from land cropped under spec
conditions to the corresponding loss from cléided,

cortinuous fallow conditions (Zhaeat al.,2009).

Soil conservation operations or otheeasures that contr
the erosion. The values of-fRBctor ranges from 0 to

(Renaret al.,1997).

Source Compiled by the Author (2016)

i.  Empirical Relations in Deriving Inputs of RMMF Model.

Some intemediate input parameters were usestimated frombserved data in the

watershedising the empirical relationsdescribed in (Morgan, Morgan and Finney, 1984) as:

0="Y(11.9 + 8.7logy®),

'Yz= 10002 MSz BD z EHD z (QY @)%,

SR ="Ye x p'Yo/(Y?)

'Yé :'Y/ 'Yé ’

WhereO= is annual kinetic energy of rainfall (Jf),

"® is intensity of rainfall which is assumed to be 25rhtinhtropical conditions,

SR= is surface runoff/overland flow (mm),

Y =is number of rainy days,

Y= is average annual rainfall (mm),

"Yox is soil moisture storage capacity (mm),
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Y¢=is annual ran perday,

MS= is soil moisture content at field capacity (Wyy

BD= is bulk density of the topsoil layer (Mg,

EHD= (m) is effective hydrological topsoil depth defined as the depth of soil from the
surface to an impermeable or stony layer to theehla A horizon or to the dominant root
base, and

‘QY'CE=is the ratio of actual@) to potential C¢) evapotranspiration.

EHD-= is the topsoil depth within which the storage of water affects the generation of
runoff.

Intermediate maps derived dhe basis of land use/cover map included ratio of actual to
potential evapotranspirationQ§C¢), permanent rainfall contributing to permanent

interception and stream flowd) and crop cover management factoicy

Intermediate layeraeregeneratedrom hydrophysicabkoil map (soil texture) includingoil
detachability index () and cohesion of topsoil (COH) using ArcGIS 10.1 software.
According toMorgan, Morgan and Finney (1984nd Dinka (2007 is defined as the
weight of soil detaleed from soil mass per unit of rainfall energy. Inputs such as plant
related (e.g., EHDo, CC) and soil related (e.g),, COH) parametersere adopted from
RevisedMorganet al(2001)andDinka (2007) in which such values corresponded to crop

type, cover conditions and soil textusesreobserved in the field.
Deriving Inputs of RUSLE Model

The RUSLE Model equation is a function of five input factors in radaéas format: rainfall

erosivity, soil erodability, slope length and steepness, cover manageamhtsupport
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practice. These factors vary over space and time and depend on other input variables.
Therefore, soil erosion within each pixefas estimated with the RUSLE. The RUSLE

method is expressexs:

A=RxKxIS=xC=x P 4.2

where A is the computed spatial average of soil loss over a period selected for R, usually on
yearly basist(hd'y'!); R is the rainfalirunoff erosivity factor (MJ mm hd'y'"); K is the

soil erodability factor t( hd'y'*MJ'* mm''); LS is the slope length steepness factor
(dimensionless); C is the cover management factor (dimensionless, ranging between 0 and
1.5); andP is the erosion control (conservation support) practices factor (dimensionless,

ranging between 0 and 1) as showTatle 4.2

Rainfall erosivity (R): The rainfall factor, an index unit, is a measure of the erosive force of
a specific rainfall. Thisvasdetermined as a function of the volume, intensity and duration of
rainfall and can be computed from a single storm, or a series of storms to include cumulative
erosivity from any time period. Raindrop/splash erosion is the dominant type of erosion in
barren soil surfaces. Rainfall data of 11 years (2004 to 2Q4&3 appendix VItollected

from Department of Geography Meteorological unit Adamawa State University Wi

used for calculating factor using the following relationship developed by Wischmaiet

Smith (1978) and modified by Arnoldus (1980):

p?
2 ( 1.5 log g (FI) —D.081 }t}t)
R=Y " 1735x 10

4.3
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Soil Erodability Factor (K): Different soil types are naturally resistant and susceptible to
more erosion than other soils aisda function of grain size, drainage potential, structural
integrity, organiamattercontent and cohesiveness. Erodability of soil is its resistance to both
detachment and transport. Soil texture map of the studynargased for the preparation of

K factor map and soil typeweregrouped ito major textural classes. The corresponding K
values for soil typesvere identified from soil erodability nomograph (USDA978) by

considering particle size, organic matter and permeability class.

Slope length and steeess factor (LS): Length and steepness of a slope affects total
sediment yield from the site and is accounted by thdalc®r in RUSLE model. In addition

to steepness and lengtither factorssuch as compaction, consolidation and disturbance of
the soilwerealsobeing considered while generatib§-factor. Erosion increases with slope
steepness but, in contrastltefactor representing effects of slope length. The combined LS
factorwascomputed for the watershed by means of ArcGIS Spatial analyst extension using
DEM, as proposed by Moore and Burch (1986a, b). The flow accumulation and slope

steepneswascomputed from the DEM using ArcGIS Spatial analyst.

LS=(Flow accumulation = Cell Hi;f.ul,-"EE.]?::n”'J'

*(sIn H]L}pcll,-"{'}.ﬂggﬁ::ll.! N

Where flow accumulation denotes the accumulated upslope contributing area for a given
cell, LS=combined slope length and slope steepness factor, cell size=size of grid cell (for

this study 30 m) and sin slope =slope degree value in sin.

Cover management factor (C): Thef&tor represents effect of sofLover management

factor (C). The Sactor represents effect of salisturbing activities, plants, crop sequence
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and productivity level, soil cover and subsurface @ss on soil erosioue to the variety
of land cover patterns with spatial and temporal variations, satellite remote sensing data sets
wereused for the assessmeffit@factor (Karydas2009; Tiaret al, 2009). The Normalized
Difference Vegetation Index (NDVI), an indicatof the vegetation vigor andealth was
used along with the following formula (eq). t&6 generate Gactor valueimage for the study

area (Zhotet al, 2009; Kouliet al,, 2009).

NDVI
(.“=+::-;pl }

s —rl
(8 — NDVI) 45

Where a and b are unitless parameters that determine shape of the curve relating to NDVI
ard the Cfactor. VandeKnijff et al(2000) found that this scaling approach gave better
results than assuming a linear relationship and values of 2 awerd selected for
parameters a and b, respectively. This equatiagapplied for assessing-factor of areas

with similar terrain and climatic conditions (Prasakumaret al, 2011a; Prasannakumetr

al., 2011b).

Conservation practice factor (P): The supgpgmactice factor (Factor) is the soiloss ratio

with a specific support practice to the corresponding soil loss witndglown slope tillage
(Renardet al, 1997). In this study, the-fActor mapwas derived from the land use/land
cover and supportattors. The values of-Rctor ranges from 0 to 1, in which the highest
value is assigned to areas with no conservation practices (deciduous forest); the minimum
values correspond to builip-land and plantation area with strip and contour cropping. The

lower the P value, the more effective the conservation practices.
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4.7  SOIL LABORATORY ANALYSIS

Table 4.4shows the hydrophysical parameters famalyzing angredictng soil erosion and
analytical method to be employed. Soil samples collected in the soil samplingvzenmes
used to determine the paramefseg appendikV/ for the laborotery results

Table 4.4: Hydrophysical Farameters

S/NO Hydrophysical Parameter Determnation Method Source
1 Soil texture Bouyoucos hydromete Gee and Bauder (1986
method

2 Soil bulk density (BD) Core method Blake and  Hartge
(1986)

3 Soil moisture content Capillary action in KR box Baruah and Barthaku
(1999)

4 Soil particlesize Pipette and sieving Gee and Bauder (1986

5 Soil PH PH meter ASTM (1995)

6 Aggregationof soil Pocket penetrometer O'sullivan and Ball,
(2006)

7 Efective of hydrological soil psychrometers Gardner, (2001)

top soil.

Source: Compiled by the Author(2015

4.7.1 Soll particle size analysigBouyoucos Hydrometer Method)

Reagent

Calgon (Sodium hexametaphosphate) 379/t

Procedure

i.  Weight 50g of 2mm siewkesoil (if soil is little clayor more) and 100g if the soil is
sandy only into a 250ml plastic beaker.

ii.  Add 100ml of 50% calgon into the beaker and stir with a glass rod. Add about 100ml
calgon into a 250ml plastic container with cover and shake on a reciprocating shaker

for 20 minutes.
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iii.  Transfer thesample into a mixig cup washesevery content of the soil in beaker
into the cup and stir for five minutes or transfer into a 250ml plastic contasiner and
shake on an end to end shaker for ten minutes.

iv.  Transfer the nixture or shaken sampled into a 1009nee@suring cylinde make
sure that the contents in the containers are washed completely into the cylinder.
Make to 1000 crhmark with water.

v. Before starting hydrometer reading, mix the suspension vigorously using a long
handle plunger and making sure that the sedimenhatbbttom is thoroughly
disturbed.

vi. Take the hydrometer readings for 40 seconds and 2 hours (these are the times
recommended by Bouyoucos for the 20&em anc

vii.  Before reading is due, gently lower the hydrometer slowly into the ssispeake
readings at the top of the meniscus.

viii. ~ Prepare a blank cylinder by making 100ml of the 50% calgon solution up to 1 litre
mark with water. Take also the blank hydrometer reading at each of the readings.

iXx.  Take the temperature of the suspension aadkbl

X.  After the last reading pour the suspension through a 0.2mm or 72 mesh sieve. Wash
the sand grains retained on the sieve with water and then transfer the washing into a

beaker and dry in an oven at 2G5

Calculations

The corrected hydrometer reading&y/l) are obtained by subtracting the blank reading RL
(g/L) from the hydrometer readings in the soil suspensions R(g/L) and adding 0.36g/L for

every degree above %D,
C =Ri RL + (0.367)
Where T = Room temperature minus 20

The percentages by weightthi SILT + CLAY and SAND fractions are given by:
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Corrected 2 hrs reading — Blank x 100

Weight of soil taken

Corrrected 40 secreading — Blank x 100 — % clay

Weight of soil taken

% Sand = 100 % Clay + % Silt

The samples can now be classified according to the USDA or International Systems of

Textural Classification.

4.7.2 pH determination

Reagents

i.  Distilled water
i. 0.01M CaC4.2H,0O
iii.  Dissolve 1.47g of salt in distilled water and make to 1 litre.
iv. 1N KCI: Dissolve 74.569 of salt in distilled water and make to 1 litre.
v.  Standard buffer solution pH 4, 7, 9.

Soil to water ratio

pH in soil is usually determined in the following soilvt@ater ratio:

1:17 10g of soil to 10 mis of distilled water

1:2.57 10g of soil to 25 mis of distilled water

Procedure

Put thel0g of 2mm sieved air dry soil in a 50ml plastic beaker, add 25ml of distilled water
and stir the suspension several times murthe next 30 minutes. Then let the soil

suspension stand for about 30 minutes more undisturbed. Calibrate the pH meter using pH

125



buffer 2, 7, 9. Immerse the electrode into the soil but it should not touch the bottom of the
beaker. Read the pH after 38cends. Repeat the above using 0.01M ga@d 1N KCI
solutions. Record your reading as pH in water, 0.01M £€a@l 1N KCI.

4.7.30rganic carbon determination (Walkley-Balck)
Reagents

i. Potassium dichromate ¢Kr,0;) 1IN dry K.Cr,O; (Analar) at 108C. Coolin a
dessicator and weigh out exactly 49.04g into 1 litre vol. flask, dissolve with distilled
water. Make up to 1000ml volume.

i. Concentrated PO

iii.  O-phenanthrolien ferrous sulphate indicator.

iv. ~ Ammonium ferrous sulphate 0.5N
Dissolved 196gm of NKFe™ - 50 in distilled water into which 10 mis of
concentrations bSO, has been added. Shake well to dissolve completely and then
make to mark of 1 litre.
O-phenanthroliesferrrous complex 0.025M
Dissolve 7.435¢g of phenanthrolein and 3.475¢g of FeSH,0 in wate and dilute
the solution to 500ml.

Phosphoric acid.
Procedure

i.  Weighin 1 g of soil into 250ml Erlenmeyer flask. Reduce the weight of soil if soil is
very high in organic matter.

ii.  Add 5ml or 10ml of 1N KCr,O; using a pipette, and then swirl the flask dyend
disperse the soil.

iii. Rapidly add 10ml of concentrated3$0, from a measuring cylinder and swirl for 1
min. again. (If colour turns greenish reduce the amount of soil taken to half).

iv.  Allow the flsk to stand on asbestos sheets for 30 minutes (End pasigr ef
suspension is cold).

v. Add 100ml of distilled water to the flask. Let it cool.
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vi.  Add 5 drops of indicator.
vii.  Titrate with ammonium ferrous sulphate solution with a white background.Change in
colour: bluei greeni dark green red.
viii. ~ Make blank determin&in in same manner but without soil.
iX.  Repeat with less soil if more than 75% of the dichromate is used.

(meq K2Cr207 — meq FeS04)x 0.003 x 100 x F
Org C % =

Weight of air dry soil taken
Where f = correction factor 1.33 or

(blank titre — actual titre)x 0.3 xmx f

Weight of air dry soil taken
Where m = Conc. Of ferrous ammonium sulphate
F = correction factor
%O0OM = %0C x 1.724

4.7.4 SoilBulk Density (BD) using Core Method by Blake and Hartge (1986)

Procedure

i.  Separate 3 peds from each sample (make the volume of each-peth33
ii.  Tie a string around each ped with thread so that it can hang freely from a 2" length of
thread with a loop on the end.
iii. Place each ped in a numbered and weighed beaker, recording the sample and beaker
number on the data sheet.
iv.  Place the beakers containing the peds in the oven and allow them to dry overnight,

remove the beakers, cool in the dessicator, weigh the beakeesnaom the peds,
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and record the data (subtracting the weight of the beaker from the combined weight
of the ped and beaker).

v. Melt a cup of paraffin (wax), stdlzing it between 55 to 60.

vi. Dip each ped in the paraffin and allow to dry, making sure thapédeis entirely
sealed. If there are any holes noticed, dip a rod in the melted wax and apply a drop of
hot wax to patch the hole. Do not redip the whole ped, because the wax coating will
be too thick.

vii.  Weigh the coated ped without the beaker and retsrdaight.

viii.  Immerse the ped in water and weigh the beaker and ped on a triple beam balance
using a ring stand to hold the beaker of water positioned just above the balance pan.
(note: if bubbles appear on the surface of the coated ped and then breakl frse a
to the surface, note this on the data sheet by writing "BBL" next to the "submerged
weight". If the ped floats, write "Floater" in the space for "submerged weight").

ix. Peel the coating off each ped and return it to its beaker. Fill each beakevateth
so that the peds will get soggy and fall apart.

X.  Wet sieve the contents of each beaker through a >2mm sieve. Discard all but the
>2mm fraction. Return portion to the beaker and place in the oven to dry.

xi.  Weigh the >2mm contents of each beaker andrdeit® weights on the data sheet.

Calculations

Adjusted dry weight = (dry weight of the pedjdry weight 2mm fraction) 2. Weight of
paraffin = (weight of dry ped) + (paraffin) (dry weight of ped) 3. Adjusted immersed

weight = (weight of ped with paraffin in water) + 0.1 (weight of paraffit)65 (weight of
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the >2mm material/ 2.65)* 4. Specific gravity adfusted weight)/ ((adjusted dry weight)

(adjusted immersed weight))

Record the dry weight of the ped, ped with paraffin weight, ped with paraffin in water

weight, and >2mm weight.

*Note: 0.1(ped with parafin weighdry weight ped)---corrects for the bu@nt force of the

wax 1.65(>2mm weight/2.65}- corrects for the >2mm material assuming a density of 2.65

g/cm3 for that material.

4.7.5 Soil Moisture Content using Capillary action in KR box by Baruah and

Barthakur (1999)

Determine purpose of sampling kknown soil moisture samples using Soil Water
Characteristics model. Soil texture only needed from field b. Known moisture
samples and field moisture determination. Soil is collected at moisture level of
interest. c. Known moisture samples from field sadoils at field capacity. Take
soil after a soaking irrigation or rain event.

Collect 500cm3 (1/2 gallon) of moist soil in dight container at appropriate soil
moisture level.

Obtain estimate of percent sand and clay to use Soil Water Charactenstiek

Transfer data from Soil Water model to Soil Moisture Calculation Worksheet Part A
(blue cells).

Weigh approximately half of wet soil collected. Carefully weigh and record wet
weight. Dry at about 220° Fahrenheit for 24 hours or until weight idestatp

reweighing. Reseal and save remainder of wet soil.
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Vi.

Vil.

viii.

Xi.

When weight is stable on reweighing, record dry weight.

If interest is only known soil moisture samples using model, weigh 100 grams of
oven dry soil and place in zip lock bag. Add water in amoshtsvn in percent
water by weight cells from Section A of Worksheet 1.

If interest is field moisture determination, enter weights of wet and dry soil in
Section A cells. Worksheet will calculate AWC and percent water of sample.

If interest is determinain of solil field capacity, use Section B of Worksheet 1. Enter
weights of wet and dry soil in Section B of worksheet.

Using worksheet calculated percent water by weights from Section B, rewet oven dry
soils to make known moisture samples.

A set of sample at field capacity, 75 percent of FC, 50%, 25%, and WP can provide
a reference for estimating when to irrigate and provide calibration for soil moisture

instrumentation.

4.7.8Cohesion of soil using Pocket penetrometer b®'sullivan and Ball, (2006).

Holding the sleve of the penetrometer, slide the indicator ring towards the sleeve
until the ring touches it.

Hold the shaft at right angles to the concrete mortar surface. Then force the shaft
onto the mortar to a depth of one inch (inches are scribed chalfite.

After pulling the penetrometer out, take the reading at theréasling edge of the
indicator ring on the scale.

Return the indicator ring to the edge of the sleeve before running another test.

Take multiple readings and calculate the averages\valpsi.
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The pocket penetrometer measures the compressive strength of thdasiipbenetrometers
available today contain units of tond#ir kg/cnf, and the compressive strength is read

directly from the gaugeSome common conversions are:
1 ton/f€ = 2000 psf = 13.9 psi

1 kg/cnt = 98.1 kPa

4.8IMAGE PROCESSING

The Satellite image of the study amascorrected geometrically to remove distortions and
subsequently enhanced to improve visual interpretation.Wémgollowed by classification
into different landuse types. Supervissad object based image analysiassificationwas
employed because of its high accuracy and
Accuracy assessment of the image was dormgusn coordinates lotan for each landuse
class wascollected with the aid of GPS during ground thruthing. This was done to aid
supervised classificatiorThis is to identify sets of pixels that accurately represent spectral
variation present within eddnformation region. The datasets wetassified into classes of
water body, vegetation,abeland, buitup area and AgricultureThese areadopted from
Andersoret al.(2001), to suit the study area.
4.9TECHNIQUES OF DATA ANALYSIS
The stated objectivesereachieved through the following

To identify the typesand observed effect®f soil erosionin the study area:

This was carriedout using high-resolutiomuickbird image of 0.6resolutions an@®015

landsat thematic mappeatellite imagery of the study area. T2@&L5 landsat thematic

mapperimagewas imported into ArcGIS 10.3 environmenfThen coordinates of the
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gullies, rills and sheeerosion takemn the fieldwereadded tahe high resolution image
in order to identifyand map various soil erosi@potsin the study areaThe landsat
thematic mapper of 2015 witBOm resolutionwas also usel along withhydrological

tool in ArcGIS in orer tomapother soil erosion types.Thisudyconcentated on gully,

rill ,inter-rill and sheeterosion Visual observation was used in assessing the probable

effects of soil erosion in the study area and the results were preseptaieks.

To characterize hydrophysical parameters forsoilerosionsitesin the study area

The hydrophysical parameters faach of thesoil samplingsitesn the study area was

analyzed from laboratoryand characterizé based on thesach type of soilunder

studyTechnques of data analis Following the proceduresesults werecharacterized

andpresented i ables.

To assesdglistribut ion patterns of hydrophysical parameters:
This was carried out using Geostatistical Interpolation inArcGIS 10.3 software
environment The point data and their corresponding coordinates downloaded from
Open Data Kid @ODK) Form entered into ArcGIS 10sdftware; maps of
hydrophysicalmodel, input parametevere develogd using Kriginginterpolation technique
(Ut set , L Eo p2000). Thin was @heéim Argl® environment with the aid of
Kringing methodusing geostatistical toddr all sample locatios Map of the characterized
hydrophysical parameters based on soil erosion were pro@urdathry kriging was

selectedas the preferred interpolation method for RMivieE RUSLEmodel spatiahputs

derivation lecause itwas morereliable than the otherinterpolation methods based on the

mean squared errorwhich compares measured values with the predicted ones.
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Moreover, since the spag to be measured fdnydro-physical input parametersere
relatively sparse anchndomly chosen for each subsampling zone, ordinary kriging is the
best unbiased predictor at specific unsampled loca{iGnsssie,1993). Ordinary kriging

also has an additional advantage of minimizing the emfte of outliers (Triantafiliet al,

2001). The semivariogramnalyses wereonducted before application of ordinary kriging
interpolation of the input parameters. This is because semivariogram model determinesthe
interpolation function(Tesfahuegnet al.2011). Semivariogram modelere chosen by

using the crossalidation technique that compares statistical mean square error values

estimated from the semivariogram models and actual values.

iv. To estimate rate soil loss in the watershed area:This was done using spatial
distribution of the rate of soil detachment by rain drop (F) spatial data layersf
unchanneled and channeled flows (erosias)nput to RUSLEmModel in ArcGIS 10.3
software environmenand prediced annual pixel level soillossising Equatiorn4.2 in

raster cadulator of ArcGIS 10.3 software environment

A=RxKxISxCxP

v. To predict soil erosion risk in the study area. The soil erosion amountaspredicted
using the RMMFmModelas slown in Equatiorst. 1
The RMMF model separaesoil erosion process in two phases: theewatnd sediment
phases (Morgaret al.1984). In the erosion phase, rates of soil particle detachment by
rainfall and runoff are determined along with the transporting capacity of runoff. Using the
procedure proposed by Wischmeier and Smith (1978), prexéctiof total particle

detatiment and transport capacity wasmpared and erosion rate is equated to the lower of
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the two rates. The list of input parameters needed to run the revised version of RMMF model

is shown on Tabld 2.

The water phase mainlgomprises of prediction of soil detachment by rain splash. It thus
requires data related to intensity of rainfa(d MmH?'), number of rainy days¥¢), and
average annual rainfally{ mm). After developing the different input spatial maps (layers),
the rate of soil detachment by rain drop impactkgni?), rate of soil detachment by runoff
('Q kg ?), and transport capacity of overland flow (runoff) (TC, k§nare calculatedand
overlay in the GIS environmentand using raster calculator of ArcGISOB software

environmenas follows:

"O(rate of soil detachment by rain drop impaet)0 202 (F'3%%%) 4.6
"O(rate of soil detachment by runoff)10 *z (0.5COH)' (SR**sin("Y  (GO) 1 4.7
TC (transport capacity of overland flow (runof§10 *26"@SRzsin (Y 6.8

wherev is soil detachability index (gi 1), Os annual kinetic energy of rainfall (Jrh), Ois
percentage of rainfall contributing to permanent interception and stream flow (%), COH is
cohesion of the soil surface (KPa), GC is fraction of ground (vegetation) colgr Qs

the crop cover management factor, aw&lthe steepness of the graluslope expressed in
degree. Total particle detachmei@ £ "GO is finally computed as sum of soil particle
detachment by runoff@ and soil particle detachment by raindré@ {(mpacts.The model
compares predicted rate of splash detachniéhttle transport capacity for overland flow
(TC), and the minimum value is taken as the erosion rate (annual soil loss) estimated for the

studywatershedrea
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Predicted soil erosion rateas classified intosoil erosion risk classes (Singh, Ram, Narain,
Bhusanand Abrol, 1992): i.e.; verylow, low, moderate, moderately high, high and veryhigh.
Average annual soil loss ofvarious land use/land cover tyas®stimatedand analyzed to
understand causes of erosion inthe watershed in context to spatial distribetiosiayf

factors together witRMMF Model.

vi. Validation of RMMF and RUSLE Model in the study area:

In order tovalidatethe modepercent differenced) wasused as methods for goodneds

fit measure of modeprediction. The model estimas®il loss rate in this studgnd was
evaluated with respect to result obtained for rate of soil detachment by rain runoff. The
percent difference’@ was used to measure average difference between simulated and
measured values &= (n i 1/ ) 100.

Whereris model simulated value ams measuré value.A value close to 0% is best fa:
However, higher values @ will be acceptable if the accuracy in which the observed data to
be gathered isetatively poor (Chekol, 2006)Also, the soil profile datavere usel to
validate estimated erosion result by RMM&hd RUSLEmodel. With regard to thesoil
profiles (shallow pits) identified based on soil types and dug (100cm wide, 100cm long and
200cm deep), then compared to the correspandiodels spatial soil erosion risk results.
For this purpose, areaslnerable to sokrosionwereselected. Tie dataverecomparedvith

soil loss prediction made by tiwo modek.
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CHAPTER FIVE

RESULTS AND DISCUSSION

5.1TYPES AND OBSERVED EFFECTS OF SOIL EROSION

Various types of soil erosion sl as gullies, rills, interrill and sheets erosion ene
identified and mapped. Thepatterns were assessed basediisnal interpretations using
pictorial representatives of the erosion types obtainedgdigldwork as indicated on the
plate.Figure 5.1 to Figure 8.showthe location of all the soil erosiem the study arealhe

location of the soil erosion types is shown in appendix vii.

5.1.1Gully Erosion

Gullies are often blamed for enhanced drainage and accelerated aridification processes (Eitel
et al, 2002; Daba, 2003). The location of gullies in the study area $epted on Figure 5.
Plates 18 to 21see appendiX$howthe pictorial naturef soil erosion within the watershed.

The location of the gully soil erosion is shown in appendix vii.

Gullies are found in thhilly area of the watershed with steep slopes which was as similar as
reported by Estevest al. (2005) and Mathyst al. (2005) from the French Alp$t wasalso

noticed that gilly erosion results not only from surface flow but also often fromsukace

flow as in the Northern part of¢hstudy area and mostly aroufodt of the mountains/hills.

It can be observed iRigure 51 that in the highlands (mountainous area), development of
gullies has led to an enlarged drainage of the intergully areas, resulting in soil moisture
decrease and a corresponding crop yield reduction on farmland located near gully walls and

this is similar to research finding by Nysseat al. (2004c). The presennhature of gully
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erosion was accelerated by land use change that commonly triggered soil erosion as also

pointed out by Chapladt al. (2005a)and/or extreme climatic events.
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Also, the gullies grow initially rapidly to large dimensionsaking effective control
technically difficult or prohibitively expensivdor people of the study area to control as
supported by Thomast al. (2004) and Vanwallegheset al. (2005a). Chaplogt al. (2005a)
pointed outthat annuakropping in mountainous regions like in the study arbas been
reported as intensifying rill and gully erosion processes as well as in vineyards in
Mediterranan regions (MartineZasasnovast al,2003). Overgrazing is also often reported
as one of the main drivers of gully erosion in rangelands (Get&lz 2003b; Nysseemet al,

2004c)

As presentedni Plate 19 the lateralbank erosioroccurred where bankrosion migrates
laterally from a channel forming a lijptin which it becomesvaterwayin its own right. The
lateral bank soil erosiois triggered by an increase in flows entering a stream from adjacent
floodplain, exposure of weak subsoil layer by scefaunoff spilling laterally ito a stream,

and emoval of bank vegetation agesult of soil crusting and seality the high infiltration

rate in the study area especially in the steeper skdpg is similar to the findings biyoesen
(1984), whostatedthat infiltration rates were higher on steeper slppdgerehigher erosion

rate preventegdeal from formingAlso supported byBowyerBower (1993)whosepointed

out that for a given soll, infiltration capacity was higher with higher rainfall intensities
because of their ability to disrupt surface seals andtsriigat would otherwise keep

infiltration rate low.

Undercut bank gly erosion as show on Plate 2¢as as the result of migrates of gully

erosion up the valley, the high and letzsble the gully &nks become.

As show on Hate 21 the gully erosion was triggered kyxposure of a weak subsoil layer

beneath a streambeahd thisgully erosion is one of the processes of linear erosion (Jakab,
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2008)This reveal that gully sidewall pcesses armfluenced bypotential energy changes
associated with varians in soil moisture content and unsaturated conditions, by the
development of undercut hollows as supported by Mar@Pezasnovast al. (2004).1t was
found that most of gullies in the sty arearangebetween 3m to 20m deep, iZDm wide

and mostly more than 100 m loag in the case of research finding by (Bergsma, 1996)

This is similarto the case of Fredén and Furuholm (1978) in glaciofluvial deposits following
the 1977 spring snowmeltyhich caused the removal, as a mass flow, of 20,608m
saturated silt and sand in less than three days which forirgihBdeep gullies, 2d0m

wide and 100 m long gully. Gullies were observed to have relatively greater depth and
larger/smaller width thn stable channels, carry larger sediment loads and display very

erratic behavior (Heed&975a).

Gullies in the study area were formed followingalance of natural forest cover. It was
noted that most water wasoved from the hillsides by subsurfaceviland flowinto natural
tunnels. Heavyain provided sufficient flow to flush out trsoil; ground surface subsided,
exposing the tunnel network as gullies (Berry and Ruxton, 1960). Overgrazing and removal
of vegetation cover in the study aressulted indistrucion of soil structure, compaction,
reduced infiltration and hydraulic conductivity and crusting of the surface soil and
consequently higlhunoff. This provedindings of Alberet al. 006)which stated that soll

erosion has been identified as thest threatened environmental hazards in the Nigeria.
5.1.2 Rill Erosion

Figure 52 presert location of rill erosion in the study area. As runoff rates are relatively

high over most of the hillside, oMand flow and more stricthgombined action ofwerland
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flow and raindrop irpact as interrill erosion atte dominant erosion process on the upper
and middle slopes, with deposition of material as colluvium on the foot slopes. This appears
to be true for many agricultural areas on ‘oohesive soils fye. All therill erosion was

linked with locations in the study area using hyperlink tool in ArcGIS 10.3 software
environment. The result for nature of rill erosion wittlie watershed is presented dat&

21to 24(see appendiX ] The location of the rill soil erosion is shown in appendix vii.

As shown on Figure 2, rill is caused by the lower crusting in the study aneasteep slopes

as compared to lower slopes due to a lower impacting kinetic energy and a continuous soill
erosian of the surface seal (Poesen, 1986). Because soil crusts mainly develop on gentle
slopes generating higher runoff, the slope threshold for rill initiation can be very low for
seriously crusted soils. It was observédt most il erosion in the study asewaslocated in
association with gully erosion. They were also found in virtually all aspédhe slope in

the studyarea as indicated on Figure25.The dimensions of rills erosion extended
continuously from top to bottom changed significantly dowpsloThe changes in rill
dimensions are determined by soil detachment and deposition along the lengtha rill

supported by Bennett al.(2000).

140



> 13°16'30'E 13°18'0"E 13°19'30"E 13°21'0"E 13°22'30"E 13°24'0'E 13°25'30"E
F . 1 1 1 L 1 ..
()
2 N
=
A\ E
Z
=3
b WO
S =
£ Sebbore 5
© e Gyakwar Y
T ®
=
z
)
®
z - o
3 S
h -
> Wuro Bobbwa
= @
Z
<
b O\
z o
o =]
e
=
z
)
®
z =
3 S
:O_ -
S Uro Gella
= ®
p4
Gella 2DH Masuma Lutgura | 5
o @ B
Z o
o =
sS4
=
Z
)
Rg
z £
=3 =
®
~
=
z
=3
[~ ©
Z =)
5 =4
2
o
< Legend
® Town z
3
= B Rill Erosion <
2 3 15 0 8 6 O 2
% Mubi Watershed
<
g N I
Kilometers
1 ) 1 1 1 1 1
13°16'30"E 13°18'0"E 13°19'30"E 13°21'0"E 13°22'30"E 13°24'0"E 13°25'30"E

Figure 5.2: Location of Rills Erosion

Source:

Aut h(20L66 s

Anal ysi s

141




Also observed was decreaserill width downslope implyimghat scouring of the rill side

walls decreased as a result of limited scouring capacity of flow, due to increase in sediment
load downslopeand confirmed byBewket and Sterk (2003). It was alsoted thatrill

erosion wadess towardd\Northern part of the study areahich was predominantjigh in

clay content anchigher percentage of clay content for raegraded land could be an
indication of the role of clay in reducing soil erosion. An increase in clay content ofithe so
has been associated with the increase in aggregate stability, thereby decreasing soil

erodibility (Dlaminiet al.,2011).

5.1.3 Sheet Erosion

Sheet erosion involvesgniform loss of sdiover large areas caused agtion of water or

wind. This form oferosion is not always obvious but it results in significant loss of
productive soil. However in some arid areal of the topsoil may be removed, leaving a
scalded appearance. &herosion is the erosion stirface soil layers over a large area. This
type of erosion is the start of erosion and often rasile recognized. See Figure3sfor
location of sheet erosion. Also, some of the pictorial representatives of sheet erosion in the
study area are shawon Plats 25 to 2{see appendix)IThe locationof the sheet soll

erosion is shown in appendix Vii.

ThePresencef sheet erosion oRigure 53 and Plate 25 to 27ndicates lower porosity and
microbial activity in the study area. Most of the rileas were found to be aroupddiplain
and especiallyhe agicultural lands. From Plates 25 to RAvas noticed that there was a
removal of soil in thin layers by raindrop impact and shallow surface fidvich resultedn

loss of the finest soil particles that contain most of available nutrients and onggiér in

142



the soil No increase in sheet erosion with water degiberved around sandy sednes as

in the case of GhadjrPayne (1979) and Poesen (1981).
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It was noticed fronfrigure 54 that all the soil erosion types were randomly distributed in the

study areadespite tha@ature of their geomorphology.

5.1.4 Observed Effects of Soil Erosion

The human impacts such as agricultural activities, construction @lirigs androads in

Mubi South result in soil degradation and changdtenlandforms as supported by findings

of Chenget al(2013, Jimenezet al.(2013, Lee et al(2013 andVillarreal et al(2014)in

their countriesThis lead to the occuranced of soil erosion in the form of sheet, rill and gully
erosion in Mubi South as supported tne findings ofMorgan (2005) and Le Rouet al.
(2008)elsevhere

Soil erosion affecteagricultural lands, builtup areas, forestry and social amenities such as
road anddestroyedelectricity facility within the study area. Plat@8 to 34see appendix

l)showsome representatisef the effect of soil erosion in the study area.

As indicated inPlates 28 to 34(see appendix J)effect of soil erosion in thetudy area is
very profoundhence the urgent need of soil erosion conservation in the study area so as to
reduce the menace of soil degradation in the study area. However, the ediectaastly on
agricultural landwhich in turn affect outputs of production as affirmed by Sarkomis

duringthe interview

5.2HYDROPHYSICAL PARAMETERS FOR SOIL EROSION

The hydrophysical pamaeters ofsoils in the study area are charactetdizmsed on the soll

types in MubiSouth Watershed_aboratory results for soiexture, aggregate stabilitgil
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moisture and Bulk density were characterized base onsolil types of the studyharessults

areshown in Table 5.1 to Table 8.

5.2.1 Soil Perticle Sizesof Mubi South Watershed

Basal on the outcone of laboratory analysis fosoil in the stug area, the soiwere
categorisednto three major typesnamely sandy, silt and clagt Average numbeof soil

types in the study areapresented on Tableb.

Table 51: AverageNumber of Soil Typesin Mubi South Watershed

Soil Type Average (mm) Percentages (%)
Sandy 652.963 65.28

Silt 184.815 18.47

Clay 162.5926 16.25

Total 1000.37 100.00

Source: Aut h20t66s Anal ysi s

The results from Table.5 show that sandy soil is the dominant soil typehe watershed
which covered about 85 of the study aredollowed by sily with about 18% and clag
soils of less than 1P6. On the basi of the result, it can baferred thatsoils of the study
area are predominated by sandliis isbecause threlief and geologyof the study amehich

has mixed assemblage sfattered @anitic outcrops on gentlsith dissected uplandsdsoil
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surfacesresulted to soil classedMoreover, Precambrian basement rocks Mdindara

Mountainplay a vitalrole on the soil types of the aréadebayo, 2004).

5.2.2 Soll Erodibility in Mubi South Watershed

The resuling soil erodibility variables found in the study areapiesentedn Table 52.

Loamysand covered more than 28% of soil erodibility of the study, avk&h constitutes
the highest percentagamongst the other soil textural gypfollowed by sandy loam soil
while others constitutbetween 20% to 25% with sandy clay loam having ¢astlamongst
them wih about 21%These facilated the movement of soil particle sizes which ressiiilto
erosion types and sediments transportatiown to the slop&hese affecthe nature of soil

erosion from the hilly areas down the slope and led to the formation of rill and gully erosion.

Table 52: Soil Erodibility in Mubi South Watershed

Soil Texture Classes  Erodibility (mm ) Percentages (%)
Sandy Loam (SL) 0.237 25.26

Sandy clay loam (SCL 0.202 21.54

Loamy Sand (LS) 0.27 28.79

Loamy 0.229 24.41

Total 0.938 100.00

Source: Aut h20t66s Anal ysi s

5.2.3 Soil Related Hydrological Parameter Value in Mubi South Watershed
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The result of soirelated hydrophysical parameter value of the study ab¢ained from

laboratory analysis is shavon Table5.3.

As presentedni Table5.3, soil texture haslifferences on soil detachment factoristure
content, bulk densityand Cohension of soi(COH, aggregate stability)As in the case of
loamy sandthe higher the detachment factors of soil, the higher the soil moisture the higher

the COH of the sail

Table 53: Soil Related Hydrological Parameters Value for Soil Texire in in Mu bi
South Watershed

Soil Texture MS BD COH
Sandy Loam 46.64 1.65 2.67
(SL)

Sandy clay loan 46.74 1.68 2.43
(SCL)

Loamy Sand 48.3 1.70 2.44
(LS)

Loamy 45.4 1.48 2.00

MS=Moisture Content, BD=Bulk Densignd COH=Cohension of so{aggregate stability)

Source: Aut h20t66s Anal ysi s

Reservewvasthe case in the respeat sandy clay loam which sheadthat thelower the soil
detachment factor the high theilsmoisture, bulk density and G@ From these result, it
wasinferredthat types and natui soil detachment factors ditbt significantly determine
its hydrophysical parameteThis couldbe as the reswdtof other topographical factor such

as; nature of vegetatiand climatic variables
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5.2.4 Soil AggregateSize Distribution

The result of soil aggregate fractiasf the study area is presented orbl€H4.

Table 54 shows result of soil aggregatactionobtained fom the study area at different
size though only he aggregate stability fracti@i 2mm sieve sizevet-sievedweredfor use

in this study basgontherecommendation made by Morgg005).

Table 54: Soil Aggregate Size Distribution/Fractionin Mu bi South Watershed

SIEVE SIZE

Soil Texture  >2mm 1-2mm 0.51mm 0.250.5mm <0.05mm Total

Sandy Loam 0.51 0.21 0.19 0.07 0.004 0.984
(SL)

Sandy clay 0.41 0.17 0.23 0.16 0.005 0.975
loam (SCL)

Loamy Sand 0.47 0.21 0.21 0.09 0.004 0.985
(LS)

Loamy 0.55 0.23 0.17 0.04 0.002 0.992

Source: Aut h20t66s Anal ysi s

Observedn theresultalsowasthe factthat loamy so# have high soil aggregate fractiari
about 0.55¢g/g in the study arefallowed by sandy loam with about31g/g aggregate
fraction As aresult of these, the study with sandy loam and loamy soil ieeseulnerable
to soil epsion risk and these also shdhat the watershed area wasinerable to soil
erosionrisk but the magnitudeariedbecause of the several factors thatdesap thestudy

area.
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5.2.5 Soil Moisture and Bulk Density

In assessing soil erosion factors, the relatignbletween soil moisture and bulk degsin
never be overemphasiso theneed of their hydrophysical parameters in analysed soil
erosion Resultof soil moisture and bulk density base on the textural classes of soil in the

study area is show on Table&5.

Table 55 SoilDeterminat Factor of Moisture and Bulk Density

Soil Texture Detachment Soil Moisture Bulk Density
Factor

Sandy Loam (SL) 0.24 0.08 1.65

Sandy clay loarr 0.20 0.08 1.68

(SCL)

Loamy Sand (LS) 0.27 0.07 1.70

Loamy 0.23 0.06 1.48

Source: Aut h20t66s Anal ysi s

From Table %, it was discovered that theamy sand has thieigher the soil detachment
factorand sandy clay loam with the lowest. Thaver the soil moisture and the higher the
bulk density as in case of loamy saRkverse washe case in case of sandy lgasandy
clay loamand loamy which show higher soil moisture and bulk densityerwsitin the
watershedMoreover, it wasobservedthat sady loam and sandy clay loam hadh soil
moisture content in the study ar@h8%) than loamy sand (0.0@) and Loam soil (0.0%)
respectively.A variation of these results was duenature of watershed which comprised

hills, mountainous, vegetation and water bodi€khe results was also as the results of
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variations in the spatli distribution of hydrophysical parameters, climate change and as well

as vegetation types of the study area as supported by Adebayo (2004).

5.2.650il Laboratory Analysis for RMMF Model Parameter

Table 56 presents summary of all hydrophysical parametmscussed and used as an input
for deriving RMMF model. Also, spatial distribution of these parameters were presented and
discussed with relation to geomorphology of the watershed under objective three of this

present research work.
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Table 56 Soil Laboratory Analysis for RMMF Parameters

Detachment SM BD MCatlLC PD OC Moisture Gmc_1 Porosity OM COH
Factor (K) Storage mlc

0.0g 0.3g 15¢

Sandy 0.202 0.08 1.68 0.251 0.186 0.077 2.67 4.50 46.74 0.213 0.429 7.70 2.67
Loam
Sandy 0.229 0.08 1.48 0.341 0.196 0.082 2.271 8.02 45.4 0.339 1.479 13.83 2.43
clay
loam
Loamy 0.237 0.07 1.65 0.256 0.182 0.083 2.399 6.79 46.64 0.161 0.709 11.71 2.44
Sand
Loamy 0.27 0.06 1.70 0.242 0.152 0.064 2.00 7.33 48.3 0.161 0.140 12.60 2.00

SM=Soil Moisture, BD=Bulk Density, MC at LC=Moisture Content at Lab Capacity, PD=patrticle Density, OC=0rganic
Carbon, OM=0rganic Matter, COH=Cohension os Soil (aggregate fraction)

Source: Aut h20t66s Anal ysi s
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5.2.7 Landuse andLandcover in the Watershed

Table 57 presents result of land usentand cover of the study area. The landsusere
categorized based on five Major land uses in the studywateeh were: Agricultural land,

forestry, water body, built up and bare land.

Table 5.7: Landuse Landcover of the Study Area

S/No Land use type Area Sgkm Percentage %
1. Agriculture 42.32 28.6%
2. Forestry/Vegetation 28.05 19.0%
3. Water body 14.72 10.0%
4, Built up Area 25.30 17.1%
5. Bareland 37.33 25.3%
Total 147.72 100

Source: Aut h20t66s Anal ysi s

As show on Table 5, about 29% of the watershed was covereddricaltural activities,
19% wascovered by forest, and Z& wasnot cultivated and covered kyare land while
17%wascovered by built up areas and 1@water bodies. From the result it wiagerred
thatmajor land use of the watershed was agricultactivities, followedby bare land where

neitheragricultural ativities is taking place notovered by forest.
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5.3 SPATIAL DISTRIBUT ION OF HYDROPHYSICAL PARAMETERS

Before assessment of spatial distribution of hydrophysical parameters of btibi South
watershed, there wareed to assess the physical land morphologglwblaysa vital role in
determining soil hydrophyscial parameterand geomorphology such as lance uype,
NDVI, Digital elevation nodel, soil type, flow accumulation, flow direction and Hillshed
were considered for the purpose oisthesearch as majaleterminingfactors that lead to

soil erosion in the study area.

5.3.1 Spatial Distribution of Land Geomorphological Factors

Land morphological factors are those features which are considered to be important
determinant factors in soil development aiso affect soil erosion of an area. Tipatsl

distribution of land usef Mubi South watershed is show Figure 5.5.

5.3.1.1Land used$and cover within the watershed

Figure 55 and Tables.7 shown thaMubi South watershed igredominantly covered by
Agricultural activities with agricultural lanébllowed by bare land, alsshow thatbuilt up
area coveretesserof land usefollowed bywater bodiesand forestland usedOn the basi

of the analysidét can be inferred tha¥lubi Souh is a dominant agricultural area with most
of the forest cleared aralltivated as on agrarian laidgure 5.5 and Table.B). It wasalso

observed that there washigher rainfall in the study area.
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5.3.1.2Thenormalised difference vegetation ind&DVI)

The Normalised Difference Vegetation 8&@d(NDVI) is an indicator o¥egetation vigor and
health used in determiningover management factor (oyhich representgffect of soil
disturbing activities, plants, crop sequence aratpctivity level, soil cover and subsurface

biomass on soil erosion riskigure 56 shove spatial distribution oNDVI in the study area.

It revealsthat majority of thevatershed area wa®vered byhighervegetation vigorwhich
wasabout 0.58 with a lower value e.07. These show that the target area being observed
contains live green vegetation at the groundecoYellow colour on Figure 5.6 represents
bare soil which reflects modetely in both the red and infrared portion of the

electromagnetic spectrum as supported by Hadtrad (1987).

This studynoted thatsome part othe watershedarea has dese vegetation because the
NDVI takes value betweeil and 1, with values 0.5 inditag densevegetation and value

less than Ondicating no vegetation as shown Figure 56. Symeonakis and Drake (2004),

and Tateishigt al.,(2004) studiesverecompared using satellite imagery to produce maps of
vegetatiorrelated variables for soil erosion and found out that Ni®8/I was the most
usefulin parameter/factor for determining the cover management factac{Gr) wich is

used inestimatingand preétting soil erosion.These results showed that there is less cover
management practices in the study area and this facilitates the rate of soil erosion expecially

around the builtup area and bared surfaces.
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5.3.1.3Digital elevation model

The digital elevation model ctains information derived fronlong-track, 15m ASTER
optical data acquired in near infrared bands 3N and 3B. The topographic data deedeto
slope and slope aspect are basic to all @spd land surface. The DEM dflubi South

watershed is shomon Figure 57.

From Figure 57, it wasinferred thatspatial distribution of DEMn the study area ranges
from higher value of about 126/ tolower value of about 570n. Figure 57 showsthat
maority of the study area haathin the lower topography of 570nbave sea level and also
all settlemenrd of the study area welocated within the lower topography with the exception
of Giranburum townwhich is located inhigher elevation area. The evidence of higher
elevation of about 1261m is the Mand&auntain thatserves as a border between Nigeria

and Cameroon.

The areacovered by high elevation anountainous area has mixed uggetation as shaw

in Figure 55and thisis attributtedagricultural activities taking place in the area and people
from the communitieengagedn deforestatiorin the area for domestifuel and selling
themto solve their financial problems as it wetide hilly areas failited the rate of surface
runoff which results to mass movemet of sedimets thereby leading to surface sealing and

crustining and led to formation of the rill and gully erosion in the study area.
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5.3.1.4Soil of Mubi South

Soil of the Mubi Southvatershed is shomon Figure 5. The soil map was produtéor the
soil sample collected from the study area durfigjdwork. Laboratory analysis was
conducted and the result obtainedm the laboratory was udeasbasis for producingoil
map of the study area and commghvath FAO (1978) global ail data result. From Figure
5.8, it wasobservedthat there are three dominant soil classeghe study area which
comprisedof Luvisols, Regosa and Arenosa Luvisols constitute about 30% Regosol

35% and Aresonesi35%.

The Luvisolwas inpediplain of the watersheavhich has about 570mbove sea leveds
shown in Figure 57, along @bbore, Gyakwa, Wuro Babbwa, Gavayi and some parudéG
town of the study area.owland and low vegetation in the study area resuto the
presenceof Luvisols in the watershed. Also, Regosol and Arenosete locatedhetween

mixed vegetation in the study area and also agriculturas.area

The movement ofoil from highland area contributed to the presewndeRegosol and
Arenosd, becausethe nature of topography, timeclimate and vegetation types plays a
major role on soil formatiorand Mubi south watershed area is not excepfiom the
influence of thefactors.Dominant soil groups of the study arsashown inAppendix M as
well astheir sequence, dominant sagsociation and inclusion supporteg FAO (2006).
The soil group othe study area is further divided into soil types. Thsuteof soil types

analyzed from the laboratory is preseniteé&igure 59 to Figure 5.11.
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5.3.1.5Spatialdistribution of solil particle sizes

The Figures show spatial distribution of the soil types whahgedfrom Sandy soil on
Figure 59, silt contenton Figure 5.10 and clay conterda$ the watershed on Figusdl
respectivelyFrom Figure5.9, spatial distribution of sandy soil vari@s different locations

in the watershed. The value of sandpartickasges from 455.&g/ntto 791.%g/nT in the
watershed with low contain of the sandy soil in the northern and southern part of the study
area and high proportion of between 6%@/Mr to 791.5kg/nTin the central part of the

study area.

FromFigure5.9, it wasobservedhat low concentrationf sandy particles in the study area
was mostly found inmountainous area. Many sand particles were observexvind and
central part of the study areahere agicultural activities was practicedd\gain, least value

of sandy particleswas observed incentral part of the watershed. The presence of high
concentration of sandy particlés the @ntral part of the study area was the result of
movement, trangptation and deposition o$oil particles from highland areas of the
watershed. As shawon Table 81, sandy soilhas constitutebout 65% of the watershed

which slows that the study area is vunaieato soil erosion risk.
5.3.1.6Spatialdistribution ofsilt in study area

On the same note, Figure 5.10 sk@patial distribution of dilin the study area (watershed).
Figure 5.10showsthat silt particle was sparsely distribwd in the watershed which varied
between 53.&g/nT to 360.kg/nT.There was higheconcentration of &i content in the
Northern part of the study area especially around Sebbore, Gyakwar and Wuro Bobbwa

between 223.8g/nT to 360kg/nT respectively
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The higher concentration oflsioccuredmostly around the Luvisol in the study area whereas
between the range of 52kg/nt'to 223.9kg/nTwas found around the Regosol and Arenosol
soil group respatively. This shows that there wasixed silt and sandyparticles at the
central part of the study area than any other pdsb noted was &i which constitutes an
average of about 18% in the study area as stmwTable 51. Figures 5.9 and Figure 5.10
revealthatarea of higher &iin the watershe¢hadlower concentration of sandy guodlrticles

andalso show on Figure5.9.

5.3.1.7 Patial distribution of clay content

The result of spatial distribution of clay content is presented on Figure 5.11.From Figure
5.11, clay content rangérom 130.7 to 18 kg/m® in the watershed with the area having
mostly clay raning between 130Kg/nt to 161.1kg/nrrespectively. Alsoclay predominate
Northern part of the watershed whialas evidentbecause there was higher silt content and
low sandparticlesn Northern parbf the watershed as shown Figure 3 and Figure 5.10.

The findings also show that most of the clegsin thelower part of the watershed stfudy

area. Moreover, Table B.shows that clay content of the area constitute%oléveragely.

This finding also show that there watess clay content in Regosol and Arenosol in the
watershed than ihuvisol soil group(Figure 58). This is because thgner soils are resistant
because raindrop energy has to overcome the adhesive or chemical bonding forads that |
minerals comprising the clay particlas supported bifoesen (1985h his country which

also noted that coarser soils are resistant to detachment because veéigine of larger
particles.In the areas of high clayed patrticle, it affects the rate of surface water infiltration
which result to sheet erosion formation thereby affecting the soil nutries and make the areas

vulnerable to soil erosion risk.
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5.3.1.8Flow accumulation

DEM is important source of information in GIS application. It has been widely used for
modeling surface hydrology including automatic delineation of catechaneat(Martz and
Jong, 1988), erosion modeling or automatic drainage network extraction (Fairfield and
Leymare, 1991).All these computatisnare linked to the determination of flow
accumulation and then flow direction. The flow accumulation is especiabprtant to
understand topographic control on water, carbon, nutrient and sediment flows within and

over full watershed. Figure 12 shethe flowaccumulation of Mubi watershed.

From Figure 5.12rivers flow from Sabbore and Gyakwar of lower landSella Wafa and
Lunguravatesshed havehigh flow accumulation rate of abdig3906m. it was lao noted
that the study area haspanning tredype offlow accumulationsimilar to the findingsy
Fairfield and Leymarre (19910 his country It was also noticed frorigure5.12 that all
flow from a cell goes intmne direction and a value @ero) andimplying that no water

flowed througlhhe cell.

5.3.1.9Flow drection

This is the outer part raster that shows the flow direction from each cell Biegpest
downsbpe neighbor. Itis &ey factor deriving hydrologic characteristics of a surface to
determine the direction of flow from every cdfigure 513 show the flow direction of Mubi
South watershed FromFigure 5.13, it was found that watBow from Northerndirection

down tahe south.
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Figure 5.13showthat flow direction moves toward southern partlef area from Arenosol
towards Luvisol and Regosals also showon Figure 5.8. The movement of flow direction
resultedin deposition of high sandy soil in central part of the watergkegure 59), small
concentration of clay content in the centraltg&igure 5.11) and larger concentration of silt

in the center of the watershed.

5.3.1.1MHillshade

Hillshade Modelwas created for the watershed of Mubi south in ArcGIS 10.3 to visualize
shaded relief of features in the landscape as shown on Figure §uté.bil4reveals that
hillshade image illuminates conical hill around Gudere and Gella, and mountains in the
southern part of the watershedhich shares boundary with Cameroon Republic. Also

noticedwasthatthe hillshades havehighest peak of about 180eters above sea lelv

The mountainous area tife hillshade wadound to be characterized lyw vegetation and
high aricultural area (see Figure5). Also noticed wasolw vegetation indexFigure

5.5)characterized bjow flow direction and accumulation in the watershed (seergi5.12
and 5.13) The morphological land factor wassed in the determinatiosf RUSLE model

for assessingoil erosion rate and risk in Mubi south watershed.
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5.3.2 Spatial Distribution of Factors used in Assessing Revise Universal Soil Lost
Model (RUSLE)

In order to assesspatial distribution of RISLE, five factors were chosen based on the
model which served agput in the equation for assessment of soil loss in the watershed

area.

Amongst factors usd are: cover management factor (factor), soil erodibility facter (k
factor), slope length and steepness factorféictor), conservation practice factorfgetor)
and Rainfall erosivity (Ractor). All the factors were derived from land morphological
factors exceptrainfall factor.That asserts the need for assessment ophmlogical factors
for watershed of the study area for propealysis and assessmensofl erosion risk in the
study areaThe factor maps result obtained franalysis is preseetlin Figures 5.15 to

Figure 5.19:

5.3.2.1Covermanagement factor

The resit of cover management factor-factor) ispresented ifFigure 5.150 showspatial
distribution of cover management factbat rangerom higher value of 0.5 to lower value

of 0.01 in the watershed.

Result of Figure 5.15was due lend use coveredithin watershed which shows that most
of the vegetation and agricultural activities were around the fMareis an intersection of
low and high cover management practices in the studyHigtacover management factor
wasobservedround mountainous area thie watershed. This finding shows that largk

slope and hillshade playdtal role in determining cover management practices in an area.
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5.3.2.2 Soil erodibility factor

Result of soil erodibility of the watereld is show in Figure 5.16. The soil erodibility factor
(k-factor) measur® susceptibility of soil particle to detachment and transport by rain or
runoff (Goldmanet al, 1986; Mitchell and Bubenzer, 198Bjom Figure 5.16, it was
inferred that soil erodibilityfactor revealsthat different sog erode at different rates. For
axample, comparinthis result withsoil map on Figure 5.08,it was observ&dt therate of

soil erodability isheigh(0.69) aroundareas havingArenosol Also, Arenosol hadighest
clay content and lower silt comtiein the study ared.uvisol hadmoderate (0.4) erodibility

factorandcharacterzedwith moderately clay and silt content and sandy soil deposit.

The findings @& soil erodiblity factor rangein value from 0.02 to 0.68ndsipport Goldman

et al(1986 and Mitchell and Bubenzet®80). This result shosvthat there was lower
permeability inSoutheast; naerately in $uthwest and higher at tidorthern part of the
watershed. Thisvas as result of soil type, landuse and hillshed of the area which show
evidence of resistance of soil to detachment by rainfall impact arfdce flow. Research

Toy et al. (2002) shows that soil with larger sanand silt properties are more vulnerable to
water erosion due to lack of stability of the soil parti@eil texture with large particles are
resistant to transport because of the greater force required to entrain them and fine particles
are resistant taletachment because of their cohesiveness. The least resistant particles are
silts and fine sands. Thus soils with silt content above 40 pdraenhighly erodible

(Richter andNegendank1977)
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Figure 5.16 Soil Erodibility Factor (K-Factor)

Source: Author 6 Analysis (2016)
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5.3.2.3Slopelength and steepnegiss-factor)

Slope length ad steepness factor represseffect of slope length osoil erosion. The slope
length is the ratio of soil loss from field slope length and soil loss increaserapaaéy with
slope steepness than it does with slope length. THadtsr result of the area is presented

on Figure 5.17.

From Figure 5.17, the result of {factor shows even distribution of slope steepnessgalon
each watershed. Research by Ea al. (2002) shows susceptibility of soil to water erosion
depends on soil length amsimore prevalent in sloping area (Angimgal, 2003). Also,the

result of these studies suggestcurvilinear relationship between soil loss and slope
steepness, with erosiomitially increasing rapidly as slope increases from gentle to
moderate, reaching a maximum on slopes of about 7° and then decreasing with further
increases in slope. Such a relationship would apply only to erosion Isplesh/sheet and

surface runoff. liwould not apply to landslides, piping or gully erosion by pipe collapse.

Again, studies of Towt al. (2002) slow that slope length has effeah soil loss for steep
slope Also reported that greater sensitive of sldjael effects on soil loss due to differences

in rainfall. Areas having about 7.39m length of cell slope length and steepness in the
watershed as show on Figure B.Will have greater soil loss as supported by Ebyal

(2002) than those areas having 3nddm length of celslope lenghtespectively.
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5.3.2.4Conservatiorpractice factor (pfactor) within the watershed

Conservation practice {factor) is the support practice fact&®eflect effectof practices that
will reducedamount and rate of water runoff; hemeeuce the amount of erosion (Renatd

al., 1997).
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Figure 5.17 Slope Length and Steepneq&.S-Factor)
Source: Authord Analysis (2016)
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Figure 5.18 Conservation Practice Factor (Pfactor)

Source: Author 6 Analysis (2016)
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