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ABSTRACT
ErosionisamajorecologicalproblemintheSouthEast.Int
hestudyareaalonethereareseveralgullyerosionsites(e.g.
Nekedeerosionsites,Ihiagwa-
FUTOerosionsites,AkwakumaMarketerosionsitesetc.)
ThesegulliescontributesignificantsedimentstoNwaorie
andOtamiririversystem.Thisresearchwascarriedouttoa
ssessandestablisherodibilityfactorsunderlyingtheform
ationofgullyerosioninthestudyarea. Themethodologya
doptedincludedtheselectionoftwogullyerosionsites,me
asurementoftheircrosssectionalareastodeterminetheir
morphometricattributesfortwoyears(2018and2019).C
ollectionofsoilsamplesineachgullyformation,thesampl
esweresealedincellophanebagsandtransportedtotheSoi
IlaboratoryofthelnstituteofErosionStudies(IES)FUTO
forgeotechnicalanalysis(soilconsistencytesttodetermi
netheatterberglimits(Plasticlimits,LiquidLimitandPlas
ticitylndex),Shearstrength,drydensity,bulkdensity,and
soiltexture/sieveanalysis).Theresultsofthemorphometr
icmeasurementshowedthatthegulliesinthestudyareaare
U-
shape,runningatrightangletotheOtamiriRiver.Elevatio
nis65m,Slopeisbetween2and6%. ThelengthofFUTOgu
[lywas145.2min2018and140min2019;averagewidthis
2.37min2018,5.24min2019;averagedepthisl.70min20
18and1.20min2019.Thisindicatethatwhilegullywidthi
ncreasedby10.28%between2018and2019,thedepthand
lengthdecreased,anindicationoflateralsidefailureandse
dimentationatthegullytoe. Theresultofsoillaboratoryan
alysisshowedFUTOgullyhasplasticlimit(PL)47.7%,Li
quidLimit(LL)63%andPlasticitylndex(P1)of12.3%wh
ileatNekedegullyerosiontheLLwas19.1%,PL19.1%an
dP110.4%thisresultisindicativeoflowcohesion.Theshe

aringresistanceofthesoilislowandpronetodeformationo
ncethresholdof30°-

35°isreachedbyrunoff. Theconclusiondrawnfromthisst
udyisthatgullyerosioninthestudyareaareformedbythep
rocessesoflateralerosionandundercuttingwhenthegrass
coverareremoved. Thesoilconditionbeinglesscohesive,
weakshearstrengthetc.arethemajorerodibilityfactorsth
atinfluencethegullyformations.Itisrecommendedthatre
medialmeasuresforgullyerosionshouldbesitespecificas
notwogulliesarethesame.Inconstructionofroadsidedrai
ns,returnperiodofcertainrainfalleventbedetermined.Cl
earingofriparianvegetationandin-
streamminingatsensitiveareasshouldbediscouraged.
KEYWORDS: GULLY, EROSION, SHEAR

STRENGTH, ATTERBERG LIMITS,
MORPHOMETRIC, SLOPE, GRADATION,
TEXTURE.

. INTRODUCTION

SoilerosionandconservationinNigeria(especi
allyintheSouthEastofNigeria)havebeenthesubjectofex
tensivestudiesformanyyears(e.gAmangabara&Otumc
here,2016;Amangabara,2014,Amangabaraetal.,2014,
NwiloandEbinne,2013,Nwiloetal.,2011,Mayowa&Ad
emola2009,Egboka,2004,ljiomaandNwachukwu,199
0,0nwueme&Asiabaka,1992,Grove1949,Egbokaand
Okpoko1984).Manyofthesestudiesshowthatmostofthi
stropicalregionisverysusceptibletorainfallerosion.The
easternregionofNigeriahasoneunfortunateclaimtofam
ewhichmightbetterbeleftunpublicized,exceptthatitrela
testoaproblemofmonumentalproportionsandoneofgrea
tinterestandconcerntoenvironmentalists,geographers,
pedologists,agriculturists,conservationists,governmen
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t,administratorsaswellasotherscientiststheworldover-
Dramaticgullyerosionismostevidentintheplateauandes
carpmentzoneparticularlyalongthescarpofthe Awka-
OrluuplandsandtheNsukka-
OkigweescarpmentintheEast(Iwujietal,2017a;Amang
abara&Otumchere,2016,0gbonna,2012).Lesspronoun
ced,thoughequallyinsidious,sheetandrillerosioniswide
spreadacrosstheregionhowever,extendingfromtheplat
eausintheNorthwestasfarsouthasthecoastalplains.

Soilerosionintermsoftheprogressivelossoflandiswell-

nighuniversal,duelargelytooverfarmingandprimitive,d
estructivemethodsofcultivation,poorengineeringpracti
cesetc. Theeffecteitherlossofwaterresourcesordeteriora
tionofsoilmaywellbethemostseriousandleastreversible
formoflanddegradationintropicalenvironments.Inlmo

State,erosionofdifferenttypesandformisaseriousproble

STUDY AREA

m.Gullyerosionforexamplehavedisplacedmanycomm
unitiescoupledwithhugelossoffarmlandthroughtheexc
essiveremovalofthetopsoil(Njokuetal,2017;Amangab
araetal.,2015,ChukwuochaACetal,2014).Newmap(20
14)studyreportedthatroads,telecommunicationandelec
tricpolesarecontinuouslydamagedandwashedawaygull
yerosion.AccordingtothesurveyandEngineeringdesign
reportbyNewmap(2013),UruallaldeatoNorthgullyrem
ainsthelongestgullyerosionintheSouthEasternRegion,
measuringabove2kmandcuttingacrossmanycommunit
ies“Umuomeji,Umuturu,EzemazuUmuezenwanagu(
Umuezewudo),ElueamaandOzuakoli”’toUrashiRiverfr
omEkeObodo-
UkwuObiohiajunctionwiththreefingers.Similarly,lyuz
ogullyerosioncutacrossfourcommunities*‘Iyuzo,lhiom
a,0gberuruandObibiochasi”withoverfivefingers(New
map,2014).
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Fig 1.1 Map of the Study Area (Source: Author’s generated GIS Map)

o Climate and Vegetation

e  Temperature/Rainfall/Relative
Humidity/Vegetation

e Population and Activities

e Gullies

SAMPLE COLLECTION
Fig 1.2 Gully at FUTO roundabout/Otamiri River
Bridge

MATERIALS AND EQUIPMENT INVOLVED

e  Sandpouringcylinderofabout3litercapacity,mount
edaboveapouringconeandseparatedbyashuttercov
erplateandashutter.

e Cylindercalibratingcontent(10cm)internaldiamet
erand(15cm)internaldepthfittedwithflougeapprox
imately5cmwideaboutSmmthick.

e  Glassplateabout(45cm)squareand(1cm)thick.
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Metaltraywithacentralcircularholeofdiameterequ
altothediameterofthepouringcare
Toolforexcavatinghole.

Balanceaccuratetolg
Containerforwatercontentdetermination.

SAMPLE PREPARATION
Themorphometryofthevariousgullyerosionpr
ofilessampledinthisprojectaswellastheelevation,slope

andothermorphometricattributesofthegullyarepresente
dastable4.1below.(Nwauzor,
2021)Itshowsthelength,depthandthecrosssectionalarea
ofeachgullymeasured.Gulliesarefoundtobeshortinleng
th,theyareU-
Shapeinform.TheyatrightangletotheOtamiristreamele
vationisabout65mwhileslopeisbetween2%and6%.
Table4.1AGullyMorphological Attributes:NekedeGull
yErosion.

MORPHOLOGICAL ATTRIBUTE OF GULY AT IHIAGWA AND NEKEDE.

NEKEDE
Gully LGA Length Seg 1l Seg2 Seg3 Seg 4
D|w|C |D|w]|C [D|W]|C |D |W C
Nekede Owerri
(Omukoto) | West 188 1812 (21622 |13 |286|25|16 [400|25 (19 [475
D=Depth W=Width, C=CrossSectional Area
Table 1.1BFUTOGullyErosion
Year 2018 2019
Segments A B C D A B C D
Length(m) 36.3 36.3 | 36.3 36.3 35 35 35 35
Width(m) 2.59 180 |231 2.79 6.07 3.07 4.97 6.85
Depth(m) 1.28 1.63 | 1.86 2.03 2.90 1.77 0.90 0.30

ForCalculationoftotallengthofthegullyforbothyears,
Totallength=SumoflengthsofeachSegment(AtoD)
Totallengthfor2018=36.3+36.3+36.3+36.3=145.2m
Totallengthfor2019=35+35+35+35=140m
ForCalculationofaveragewidthofthegullyforbothyears
Averagewidth=

Averagewidthfor2018==2.37m
Averagewidthfor2019==5.24m
Forcalculationofaveragedepthofthegullyforbothyears;
Averagedepth=

Averagedepthfor2018==1.70m
Averagedepthfor2019==1.20m
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ATTERBERY LIMITS
Flow curve of sample at IHIAGWA

Flow Curve of Sample
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Plastic Limit Determination
Liquid Limit = 63.2%
Plastic limit = 47.7%
Plasticity index Ip = 15.5%
Flow curve of sample at NEKEDE

Shear Stress Vs Normal Stress Curve

SAMPLE: NEKEDE ( Owerri West)

PlasticLimitDetermination

LiquidLimit =  295%
Plasticlimit = 19.1%
Plasticityindexlp=__10.4%
SHEAR STRESS
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Shear Stress Vs Normal Stress Curve

SAMPLE: IHIAGWA [ Owerri West)

€ = -20KN/m?
#=3¥

(KNS}

TABLE 1.5GRAINSIZEDISTRIBUTIONS(GRADATIONOFSOIL)ATGULLYEROSIONSITES

DuaaoDsaDsaDay
1 | Nwaorie Ow. Akwakwuma 003 (022 (032 |042 |0985 |466 0225 Sandy | Poor
North
2| Oftamiri Ow.West Ihiagwa 018 [038 | 055 [075 416 0601 Sandy | Poor
3 | Otamiri Ow.West Nekede 015 | 030 |045 | 058 3.86 0348 Sandy | Poor
MEAN
01770312 | 0.455 | 0589 | 0813 3458 0.316
MEDIAN
015 03)|0425| 056 08 3.23 03
STANDARDDEVIAT
ION 0055|0071 0117 | 0111 | 0.216 0774 0.148
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GrainSizeDistributionCurveChartsforlhaigwa(Printthe AttachedGraph)SheetSample: Ihiagwa(OwerriWest)

Initialweightofsample=60.6g

SieveSize(mm) Massretained(g) MassPassing(g) %Passing
2.00 6.7 53.9 88.9
1.18 6.9 47.0 77.6
0.85 6.8 40.0 66.3
0.600 9.2 31.0 51.2
0.425 8.3 22.7 375
0.300 10.2 125 20.6
0.150 8.8 3.7 6.1
0.075 2.0 1.7 2.8
Pan 1.2 0.5

GrainSizeDistributionCurveChartsforNekede

Sample:Nekede(OwerriWest)

Initialweightofsample=58.1.g
SieveSize(mm) MassRetaining(g) MassPassing %Passing

(9

2.00 0.4 577 99.3
1.18 45 53.2 91.6
0.85 6.6 46.6 80.2
0.600 9.8 36.8 63.3
0.425 9.0 27.8 47.9
0.300 10.7 17.1 29.4
0.150 115 5.6 9.6
0.075 3.2 2.4 4.1
Pan 1.7 0.7 4.1

Note: FACTORS OF GULLY DEVELOPMENT AND GROWTH

SieveN0.4=4.75mm

SieveN0.10=2.0mm

SieveN0.40=0.425mm

SieveN0.100=  0.150mm

SieveN0.200=0.075mm
Butthesesoilsareeitherinexcessofcoarsegrainordeficie
ncyofcertainsizesandthisisthecaseforallthesampledwa
tershedsoilwithover99%ofthemhavingsoilwithover90
%coarse(sand)compositionfigs above .

Il.  DISCUSSION OF RESULTS
GullyCharacteristics
ThegulliesinOtamiriwatershedsareshortinlengthcomp
aredtothoseinOrashiwatershedbutarebynomeanssmall
insize.TheyareU-
shapeinform,theyrunatrightangletotheOtamiriRiver,th
eyarefoundonanelevationof65mabovesealevel.Slopeis
between2%and6%,theycanbestbedescribedasbankgull
ies.

SoilErodibilityFactors
Ourfindingsonthesoilphysicalpropertiesgave
credencetotheassumptionthatthenatureofthesoilasares
ultoftheunderlyinggeologyistheprincipalfactorrespons
ibleforthemassivegullyerosioninourstudyarea. Theprin
cipalvariableofsoilerodibilityfactoristhesoilstructurew
hichisreflectedintheConsistency(Moisturecontent/Att
erberglimits),shearstrength,andbulkdensity.Forexamp
le,soilconsistency(moisturecontent/Atterberglimits)sh
owsmostofthegullyerosionarenoneplastic,meaningthe
yhavenobindingmaterialsinthesoilandassuchtheyarele
sscohesive.WhiletheaverageLiquidlimitsoftheremaini
ngninegullychannelsis33.9%.PlasticLimitis22.5weca
nrecallthatPLof35%isindicativeoflowplasticity. Thisfi
ndingsasexpectedreflectedinthePlasticitylndex(P.l)wi
thanaverageof11.1%.Plasticitylndexvalueofl-
5%isslight;5—
10%islowwhilevaluesgreaterthan20%arehigh. TheP.Iv
aluesarelowindicatingthatcohesion(bindingofgrainpar
ticles)islow.Poorbindingorpoorcohesioninsoiltendtodi
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saggregatewhenincontactwithmovingwaterunderthefo
rceofgravity.

Bulkdensityofsoilintheareashowthattheavera
gebulkdensityoftheareaisl.7g/cm’andthisfindingisina
greementwiththeworksofObasiandljeoma(1991);Hud
ecetal.,(2006)andOnu,2011thathavefoundsimilarresul
tforthearea. Thestandardmeasurementforbulkdensityis
1.6g/m>whensoilbulkdensityisabovethislimitittendsto
hardenedupthesoil. Therearetwopossiblescenariosthatc
anresultfromthis:first,thecompactionwillleadtocracks
onthesoilsurfaceduringtheDryseasonandduringtherain
ingseason,thesecrackswillformthechannelsforwatertof
lowandsincemostoftheunderlyinggeologyisgravelyan
dpoorlysorted,erosionwillbegintooccurbytheformatio
nofrills,incipientgulliesandgulliesaprocessknownasdr
yandcrackingSecondly,whentheunderlyingformationi
sshale,asaresultoftheleachingofsilicainthesandalongsi
desodium,potassiumandcalciumbypercolatingwater;ir
on,aluminumoxidesandhydroxidesstaybehind,theclay
mineralwillswell,increaseinvolume,becomeplasticand
covertheporespacespreventingpercolationandinfiltrati
onresultinginexcessivesurfaceoverlandflowandatathre
sholdvelocityof3.0-
3.5cm/scausethesoiltoslidebecauseitissaturatedandwe
akened.

Itisreportedintheliteraturethatoverlandflowincreasesra
pidlyonceashearvelocityof3.0—
3.5cm/sisexceeded.Workingonafieldplotwithsoillesst
han5kpaandaslopeangleof2—5%(1.15°-
3.40°),0Obasiandljeoma(1991)recordedanoverlandflo
wof10-15cm®/scorrespondingtoshearof3-
3.5cm/swhichistheminimumerosivepowerofoverlandf
low,sowhenbulkdensityisincreasedandresultsinincreas
edoverlandflow,rillformationishighlyexpected.

AnotherSoilParameterthatshowsthevulnerabi
lityofthesoiltoerosionisPermeabilityofthesoil.Usually
non-
plasticsoilsaregoodtransmitterofwater.Soilsaremostly
sandyandareusuallyassociatedwiththereductioninthea
ggregatestabilityofthesoilleadingtoincreaseinsoildegr
adation.TheworksofAmangabara(2014)showedsimila
rfindings.

BulkDensity,AtterberglimitsandPermeability
arecharactersthatinfluencetheShearStrengthofanysoils
.Thewayandmannergrainsarepackedisimportantasitgo
vernstheangleofreposeorinternalfrictionofthesoil. Thes
hearingresistanceshowthattheaveragecohesionofthest
udyareaislow.Theinternalfrictionofthesoilalsofallsbet
ween27°and34° . Thesefiguresarelowindicatingthatthef
ormationissandyorsandy-

loamandlowincohesion.Ourfindingsaresimilartoworks
donebyOnunkwoetal.,(2011)andOnu,2011forOwerria
ndhavebeencategorizedasmajorfactorsthatcauseserosi
oninAkwalbomStatewhichisalsoonthesamegeologicF
ormations(BeninFormation)asreportedbyEtukudo,(19
880andUdosen,(2009).

SoilTextureisanotherveryimportantvariablet
hatinfluenceerosioninthearea.Fromtheprecedingdiscu
ssion,thedominantsoiltypeissandysoilwhichispoorlyso
rtedandinsomecasesgravely.Table4.8showsthesoiltext
ureofallthesampledgullyerosion. Themeaneffectivesiz
eis0.177,coefficientofuniformity3.458andcoefficiento
fcurvature0.316.Thisisindicativeofcoarsegrain(mediu
m_
fine).Coarsegrainsoilshavelittletonobindingmaterialsa
ndassuchallowquickpassageofwaterwhichultimatelye
nhancessedimenttransportation(Hjustromcurve).

Topography(Elevation/Altitude&Slope)
InthestudyconductedbyOfomata(1987)relief
accountedforabout26%ofvariationinthecauseoferosio
ninthewholeofsoutheast.InourpresentstudyTopograph
y(slopeandterrainaltitude)wasfingerprintedasanimport
antfactorofgullyerosion.Correlatinggullysizewithslop
eandgullyelevation,wefoundoutthatatP<0.05(r=0.400)
slopeandgullyelevationshowsignificantrelationshipacr
ossasectionoftowns(gullylocations)inmoState.

TRIGGERS OF GULLY EROSION IN OUR STUDY
AREA.

Thusfarwehavebeenabletoclearlyshowthatth
eprincipalfactorsofsoil(gully)erosioninOwerriWestist
henatureandconditionofsoilpredicatedupontheunderly
inggeologicformation.Wehavediscussedsomewhereth
aterosionisnatural(geologicalprocess)andaccelerated(
humanintervention),Rainfallintensityandamountaswel
lastherelief(elevation/terrainaltitude,lengthandtypeofs
lope)doplaysignificantroleoncethesoiliserodible.Insim
pleterm,whatwemeanhereisthatamajorfactorgovernin
gtheoccurrenceofgulliesinOweriWestisthepresenceof
erodiblematerialinthoselandscapepositionswhereconc
entratedsurfaceorsubsurfacerunoffcanoccur;i.e.confin
edalluvialdeposits,unconsolidatedsedimentsanddeepl
yweatheredrocksandsediments.

Typically,geologicerosionmaynotbecatastro
phicintheimmediateterm,however,whentheerosionise
nhancedoracceleratedtheproductisusuallycatastrophic.
Acceleratederosionisactivatedbybothnatureandhuman
activities. Thehumancomponentsinsoilerosionareconn
ectedwithpoorengineeringandagriculturalpracticesand
otherlanduseactivities.Onlythemostsevererainfallandl
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argehailstormeventswillleadtooverlandflowinaforest,i
fthetreesareremovedbylogging,infiltrationratesbecom
ehighanderosionlowtothedegreetheforestfloorremains
intact.Inthecaseofconstructionorroadbuilding,whenth
elitterlayerisremovedorcompacted,thesusceptibilityoft
hesoiltoerosionisgreatlyincreased.

Oneoftheseriouscausesofacceleratederosioni
nOwerriWestLGAfromfieldobservationislanduseactiv
ities.e.g.theremovalofripariancoverandgrasscoveratF
UTOledtotheformationofFUTOgullywhileallthegullie
satOmuokotoMechanicShedatNekedemayhavebeenin
fluencedbytheon-
goinginstreamminingatOtamiririverbecausemanygulli
esrepresentreadjustmentofalandscapetoanewequilibri
umaftersomesortofthresholdofresistancetoerosionhasf
inallybeenexceeded,theymaygrowastonishinglyquickl
yoncetheyhavebeeninitiated.Forthesamereason,theyar
enoteasilystoppeduntiltheyhaveextendedtotheupslope
limitofconcentratedorrapidflow,orhavere-
gradedtothenewbaselevel,orboth. Asaresult,gulliesaree
asiertopreventthantocure,atleastuntiltheimpetusforgro
wthhasbeenexhausted,atwhichtimethegullywillbegint
ostabilizeandtohealitself.(Verylonggulliesmaybeheali
ngatthedownstreamendwhiletheheadendisstillexpandi
ng).

Thus,preventingorcuringagullyrequiresunder
standingofitsstageofgrowthanditsspecificproximateca
usesandgrowthprocesses.Forexample,ifthegullyisgro
wingbyheadwardretreatofawaterfall ,thenupslopemana
gementofrun-
offisrequired,suchasdiversionditchesandre-
gradingthechannelfloorwithloosebrokenstone(rip-
rap).Ifun-
channeledslopewashistheproblem,thenthebestsolution
swouldbetopromoteinfiltrationrelativetorun-
offbycontour-
ploughingofthewatershed,divertingflowintoblindtrenc
hes,andplantingtreesandothervegetation. Thisistheappr
oachbeingadoptedatFUTOgullysitewhereadiversiondi
tchhasbeencreatedtopreventgullyingwhilerepairworks
startatthegully.

I1l. SUMMARY AND FINDINGS
Theaimoftheresearchundertakeninthisdissert
ationhasbeentodeterminefactorsthatwillinduceorinflu
encetheformationofgullyerosioninOwerriWestLGAof
ImoState. Thisaimwasguidedbyfourbasicobjectives.Fi
rst,toidentifythreegullyerosionsitesandtheircrosssectio
nalareasinthestudyarea. Thesecondwastoidentifyordet
erminetheircharacteristics.
Thethirdobjectivesthatguidedthisresearchincl
udetheexaminingrelief,slopeamdcovertype,thespatialc

haracteristicsofthegulliesacrossOwerriWestandbased
onthisspatialcharacteristicsclassifythegulliesbymorph
ologicalprocess,size,andlocationonthelandscape. Thef
ourthandthefinalobjectiveweretocomparethegulliesan
daccountfortheirdevelopment.
Thecurrentworkwashasedonthegeomorphict
hresholdtheory.Geomorphicthresholdscanbeoftwotyp
es,intrinsicandextrinsic.ltcanbedefinedasathresholdofl
andformstabilitythatisexceededeitherbyintrinsicchang
eofthelandformitself,orbyaprogressivechangeofanexte
rnalvariable. Thethresholdconcepthaspracticalsignific
ance.Ifthethresholdconditionscanberecognized,notonl
ywilldifferentexplanationsforsomelandformsemergeb
utalsotheabilitytoidentifyincipientlyunstablelandform
sandtopredicttheirchangewillbeofvaluetolandmanager
sandengineers.
Inpursuanceofourobjectivesinaddressingthep
roblemsofgullyerosion.Soilsampleswerecollectedinth
efieldandsubjectedtolaboratoryanalyses,resultsofwhic
hwereusedaserodibilityinputdataforcarefulevaluation.
Themethodsusedtoanswertheresearchquestio
nswerealiteraturereview, fieldobservation,measureme
ntofgullycharacteristicssuchasdepthwidthandlengthof
thegulliesincludingtheirgeographicallocation(GPS)an
delevationabovemeanselevelaswellasthecollectionofs
oilsamplesforlaboratoryanalyses,theresultofwhichwer
eusedasinputdataforcarefulevaluation.OwerriWwestLG
AcannotbesaidasoneofthoseLGAsinImoStatethathasa
heavyoccurrenceofgullyeorisonbutafewexistmainlyat
slightlyelevatedterrainwithintheOtamiriRiveratlhiagw
a/FUT OandattheMechanicWorkshopareaofNekede.

Major Findings
Therearethreemajorfindingsthatcanbedrawnfromthisr
esearch.Thefirstmajorfindingisthatthedevelopmentofg
ulliesinourstudyareausuallydoesnotfollowstrictlytheg
eneralizedstagesofprogressionoferosionfromsplashero
siontosheeterosiontorillerosionandthentogullyerosion.
Furthermore,whiletherearefourdominantprocessescon
trollingtheinitiationanddevelopmentofgullyerosioninl
moState,theprocessesthatoccurinOwerriWestislateral
bankfailureandundercutting. Thisprocessisassociatedw
ithin-

streammining. ThegulliesinNwaorieandOtamiriwaters
hedsareformedbythisprocess.
Thesecondmajorfindingthatarisesfromthisresearchisth
atcontrarytothecommonlyheldviewthatallerosion—
proneareasofthesoutheasternpartofNigeriaecologicalz
onearehomogenousandporous,thisstudyshowsthatthev
ariousunderlyinglithologicformationsareheterogeneou
s(heterolithic)andvariablyporousandpermeable.Even
withinthesamegeologicformation
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Thethirdmajorfindingthatcanbedrawnfromthisresearc
histhatearlyresearchersunderpinrainfallcharacteristics
asthedominantagentofsoilerosion.

1IV.  CONCLUSION

Theconsensusamongsttheseresearchersisthat
highintensityrainfallintheareaproduceshighvolumeofo
verlandflowwhichcausesthescourandwearoftheearths
urface.Asaresultofthisconclusion,remedialmeasureha
vebeenbasedontechniquescapableofreducingtheerosiv
ecapacityofthesurfacerunoff, Andthishaslargelybeenre
sponsibleforthecontinuedoccurrenceofgullyerosionint
hearea.Fromfieldandlaboratoryworkwefoundoutthats
oilcharacteristicsarethedominantagentofsoilerosionin
ourstudyarea. Thisishecausethelithologicandstratigrap
hicsequenceoftheunderlyingmaterialsislargelythickco
hesionlesssandstrataoverlainbyaredclayeysandstratum
andsurfaceearthofeithersandy-loamorsilty-
loam.Manyofthesoilarenon-
plastic.Soilthatareplastic,haveverylowplasticityindex.
Bulkdensityishighinsoilunderlainbyshaleandlowinsoil
underlainbyBeninFormation,leadingtocompactioninth
eformerinstancewhichresultsincrackingofthesurfaceth
atformschannelforconcentratedflows.Shearingresistan
ce(internalfriction)isbetween27°about34 andthisisver
ylow.Gradationtestshowmeaneffectivesizeof0.177,Cu
3.458,Cc0.316indicativeofcoarsegrain(mediumtofine)
withlittlebindingmaterials.

V. RECOMMENDATIONS
Fourmajorrecommendationsaremadebasedonthefindi
ngsofthisresearch.

1. Thefirstmajorrecommendationisthatremedialmea
suresforanygullyerosionsiteshouldbesitespecific.
Giventhatsoilconditionistheprincipalfactorofgull
yerosioninlmoState,

2. Theconstructionofroadsandroadsidegutters,consi
derationshouldbegiventoone,thedeterminationofr
eturnperiodofcertainrainfallevents.

3. Thematerialstobeusedshouldbeofadequatequality
toforestallcracksandcollapseofthegutter.

4. Theguttersshouldbearmoredtoreducethevelocityo
fwaterdischargedfromthedrains. Therecommendat
ionishasedontheoccurrenceofthegullybyFUTObri
dge.
TheThirdmajorrecommendationisthatriparianclea
ranceandin-streamminingshouldberegulated.
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