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ABSTRACT

Evidenceoneffectsofsoilphysicochemicalpropertiesunderdifferentsoilwater
conservation practicesand slopegradientisimportantforsustainableland
resource management.However,the effects ofsoilwaterconservation
practicesandslopegradientonsoilfertilityhasnotbeenassessedassuch.inthe
studyarea.ThisstudywasconductedinKershewawatershednorthwestEthiopia
toinvestigatetheeffectsofsoilphysicochemicalpropertiesunderdifferentsoil
waterconservationpracticesandslopegradient..Twosoilwaterconservation
namelystoneboundandbeachterraceandthreeslopegradient(top,middleand
bottom slopeposition)todeterminesoilphysicochemicalproperties.Atotalof
36compositesoilsampleswerecollectedattwoconservationstructureand
threeslopeposition.Theempiricaldataobtainedfrom thesoilresultrevealed
thatsoiland waterconservationand slopegradienteffectonselected soil
physicochemicalpropertiesinthestudywatershedsite.Soiltexture(sand,silt
andclay),bulkdensity,moisturecontent,soilpH,organiccarbon,totalnitrogen,
availablephosphorus,cationexchangecapacityandelectricalconductivitywere
significantly(p<0.05)affectedbybothsoilwaterconservationpracticesand
slopegradients..Thussoilwaterconservationandslopegradienthadshowna
greateffectonsoilproperties.Thehighestclay(37.67-24.78%),moisturecontent
(8.15-7.12%),soilpH (5.32-4.24),organiccarbon (1.62-0.96%),totalnitrogen
(0.24-0.08%),availablephosphorus(3.02-2.58ppm),cationexchangecapacity
(17.48-12.34cmolcg-1)andelectricalconductivity(0.13-0.06ds/m)whereasthe
lowestsandandbulkdensitywereobservedunderthetreatedstonebound.
Conversely,thelowestobservedunderuntreatedbenchtracefrom soilandwater
conservationpractices.Incaseofslopegradient,thehighestclay,moisture
content,pH (5.33-4.10),organiccarbon(1.72-1%),totalnitrogen(0.27-0.12%),
available phosphorus(2.99-2.65ppm),cation exchange capacity (16.78-12.15
cmolcg-1)andelectricalconductivity(0.12-0.06ds/m)inadditiontothelowest
sandandbulkdensitywererecordedinthebottom slopehoweverthelowest
underonthetopslopeposition.Inthestudywatershedunconservedstructure
and bottom slope position have a negative effecton soilphysicochemical
properties.Therefore,implementing appropriate soilwater conservation
practicestomanagephysicochemicalpropertiesofsoilsisimportantinthe
watershed

KeyWords:Soilstructure;Stonebound;Slopegradient;Landmanagement
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Chapter1.INTRODUCTION

1.1BackgroundandJustification

AgriculturecontributessubstantialroleintheEthiopianeconomy(MoFED,2010).

Itcreatesemploymentopportunityforabout83-85% forthecommunityand

contributes43-50 percentforgrowth and domesticproducts(GDP)and 90

percentofthetotalforeignexchangeearnings.Italsoprovidesabout70percent

ofthe raw materials fordifferentindustries in the country to realize the

agricultural-development-ledindustrializationstrategy.Furthermore,theroleof

genderinagriculturalsystem iscritical,womencontributeasmuchas70percent

ofon-farm labor(AwulachewSileshetal.2006).̀

Land degradation and its related decline in the productivity potentialof

agriculturalland are challenging the economic and socialwell-being ofthe

currentandfuturegenerationsonearth(NigussieHaregeweynetal.,2012).Soil

erosionisthemaincauseoflanddegradationandaleadingfactorcontributingto

pooragriculturaldevelopmentindevelopingcountries(GemechuEskinderetal.,

2016).Currently,soilresourcesarethemainsourcesoflivelihoodsformost

peopleoftheworld,suchhumanexploitationbeingtheforemostfactorforsoil

degradation(MollaTegegnandBiniam Sisheber,2017).

Indevelopingcountries,manypeoplehavebeensettledinthehighlandsdueto

favorable agriculturaland ecologicalconditions,leading to high population

densitiesandcausingresourcedegradation(NigussieHaregeweynetal.2017).

Cultivationofmarginallands,forestdegradationforfarming,andovergrazingare

themajorcausesofincreasingvulnerabilityofagriculturallandtosoilerosionin

Ethiopia(AdimassuZenebeetal.,2014).Theslopesteepness,longcultivation

historywithoutdatedtechnology,andovergrazingmakesoilerosionmoresevere

inEthiopia(Nyssenetal.,2004).Ithasbeenidentifiedasamajorthreattothe

nationaleconomy(Hurni1993)andamongthemainchallengesinfluencingthe

sustainabilityofagriculture(MollaTegegnandBiniam Sisheber,2017).Asaresult,

two-thirdsofthepopulationofEthiopiahasbeenaffectedbysoilerosionmainly

associatedwiththeconversionofforesttoagriculturalland(Hurnietal.2015).

Thisisindicated bya0.4% increaseincrop yieldsand a5.7% increasein
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cultivatedlandfrom 1991to2003(InternationalMonetaryFund,2005).Thenet

soillossincreasedfrom 130to182millionmetrictonsfrom 1995to2005

(EnvironmentforDevelopment,2010).AspartoftheEthiopianhighlands,the

UpperBlueNileBasinexperienceshighsoilerosionrate(0– 200tons’ha−1

year−1)(NigussieHaregeweynetal.,2017)and131milliontonsofsoilloss

annuallybecauseofpoorlandusemanagementsystems(Betrieetal.,2011).The

Gumarawatershedispartofthisbasinthatisaffectedbyhighsoilerosion

(BelaynehMengieetal.,2019)andamongthehighestmeanrunoffportioninthe

basin(NigussieHaregeweynetal.,2016).

Soilerosionisthemainform oflanddegradationcausedbytheinteracting

effects offactors,such as biophysicalcharacteristics and socio-economic

aspects.Eachyearabout10millionhectaresofcroplandoftheglobeisbeing

lostduetosoilerosion(PimentelandBurgess,2013).Insub-SaharanAfricaland

degradation particularly,nutrientdepletion is leading to a decline in crop

productivity,andhasbeenlinkedtohungerandpoverty(CoxheadandYgard,

2008).However,programsweretargetedonareasfrequentlyaffectedbydrought

inthenorthernandnortheasternpartsofthecountryaimingatsocialprotection

butnotsomuchatresourceconservation(NigussieHaregeweynetal.,2015;

MekuriawAsnakeetal.,2018).Activeerosionandhighannualrunoffratesoccur

inthenorthwesternhighlandsofthecountry(NigussieHaregeweynetal.2017),

whicharecharacterizedbyhighanderosiverainfallandpoorlandmanagement

(Nyssenetal.,2004).

TheeffectivenessofSWCmeasureswasevaluatedbyseveralstudiesbutmost

ofthem focused on the semiarid northern partofthe country (Nigussie

Haregeweyn etal.,2016).Few studieswereconducted in thenorthwestern

highlands(NigussieHaregeweynetal.,2015).Theefficiencyandeffectivenessof

SWCmeasuresissubjecttoboththeprevailingagro-ecologyandthetypeof

conservationmeasuresimplemented(NigussieHaregeweynetal.,2015).This

indicates the need forlocaland agro-ecologicallybased evaluation ofthe

impactsofSWCmeasuresinhighpotentialnorthwesternhighlands.

1.2StatementoftheProblem
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EthiopiaisoneofthemostenvironmentallytroubledcountriesintheSaharabelt.

AccordingtotheEnvironmentalProtectionAuthority(EPA,2003),about45% of

thetotalannualsoillossinthecountryoccursfrom cultivatedfields.Tosolve

thisproblem,soilandwaterconservation(SWC)practiceswereinitiated.The

maincommittedofsoilwaterconservationwastominimizeerosion,restoresoil

fertility,rehabilitatedegradedland,andincreaseagriculturalproductivity(Mekuria

woldaetal.,2007;NigussieHaregeweynetal.,2012).

Inthekershwawatershed,wagemerazone,Ethiopialikemostnorthhighlands,

differentSWCstructureswereimplementedbyfarmersthroughcommunitymass

-mobilization butSoilerosion is widely represented as having a serious

environmental,economicandsocialproblem forbothindividuallandholdersand

thewidercommunity.Consequently,severesoilerosion continuesto affect

Sustainabledevelopment.InsufficientdataontheeffectivenessofSWCpractices

couldleadtoineffectiveplanning,progress,andrealizationofSWCinitiatives.

Hence,evaluatingtheimpactsofSWCpracticeshasbeenvitaltolearnlessons

from itssuccessandlimitationsoftheinitiative.

However,theeffectsofbenchtracesconservationpracticesonselectedsoil

propertiesofthesoilnotstillclearlyinvestigated.Thereisnoresearchwhichhas

beendonewithrespecttotheassessmenttheeffectofsoilwaterconservation

onsoilphysicochemicalpropertiesinthewatershedofthestudyareas.Therefore,

aimsthisstudyassessestheeffectsofsoilandwaterconservationpractices

andslopegradientonSoilphysicochemicalproperties.

1.3.Objectives

1.3.1Generalobjective

ThegeneralobjectiveofthestudywastoinvestigatetheeffectsofSoilWater

ConservationPracticesandslopegradientonselectedSoilPhysicochemical

PropertiesinKershewaWatershedNorthwestEthiopia

1.3.2SpecificObjectives
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Toinvestigatetheeffectofsoilwaterconservationstructureson soil

physical-chemicalpropertiesinKershewawatershed,NorthwestEthiopia

To evaluatesomeselected physicochemicalpropertiesofsoilsunder

differentslope gradients and soil-waterconservation structures in

Kershewawatershed,NorthwestEthiopia

Chapter2.LITERATUREREVIEW

2.1SoilErosionandLandDegradationinEthiopia

Soilerosionisadestructiveprocessalteringandchangingthetopsoillayerand

soilcarbonstocksthroughselectiveremovaloffertiletopsoilalongtheslope

(Olson etal.,2016).In Ethiopia,soilerosion is one ofa serious problem

challengingtheagriculturalsectorandeconomicdevelopment(Hurnietal.,2016).

Itissevereingeneralandparticularlyinthehighlandareaswherelandhighly

degraded and exacerbates the prevailing offood insecurity in the country

(AntenehBelaynehandTesemaZewdu,2017).

Thevariousstudiesconductedinthecountrypointoutthatthelossofsoildue

soilerosionisatlargerate.Forinstance,inTigrayhighlandsshowedthatthe

averagerateofsoillosswasabout14·8tha−1yr−1(Nyssenetal.2008).

Likewise,in Koga Rivertheaverageannualsoillossratewas30.2 tha−1

yr−1whichrangesfrom 12.1tha−1yr−1to456.2tha−1yr−1fortheoutletand

thesteepslopeareaofthewatershed,respectively(MollaTegegneandBiniam

Sisheber,2017).Similarly,inthenorthwesternhighlandsofEthiopia,inthe

GeledawatershedoftheBlueNilebasin,thesoillossinthesteepareasofthe

watershedextendsupto237tha−1year−1(TemesgenGashawetal.2017).This

indicatesthaterosionratesexceedtolerablelevelsandaffectstheproductive

capacityofthesoilsystem (Guerraetal.,2017).Besides,thelossofsoilalso

resultsinlossofwater,nutrients,soilorganicmatter,andsoilbiota(Pimenteland

Burgess2013).Theseallindicatesoilerosionexceedthegenerationofnew

topsoilwhichleadstodeclineinsoilproductivity,lowagriculturalyield;thatneed

adoptionofintegratedsoilandwaterconservationtoreversetheproblem.Thus,

soilerosioncontrolisbeingimportantundereverytypeoflanduse(Kumarand
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Pani,2013).

2.1.1HistoryofSoilandwaterConservationPracticeinEthiopia

InmostareasofEthiopia,newSWCtechnologieswereintroducedmorethanfour

decadesago.Inthepast,SWCpoliciestendedtofocusontheuseofsubsidies

asanincentiveforfarmerstoadoptenvironmentallysoundproductionpractices

and conservation measures.Such policies are grounded in the beliefSWC

measuresareinherentlydesirableandthebenefitsoftheiradoptionoutweighthe

costsoftheirimplementationandmaintenance”(AndersonandThampapillai,

1990).TheadoptionofSWCpracticesrepresentsadecisionbyhouseholdsto

intensifytheiragriculturalproductiontoimproveoutputperunitareathrough

capitalinvestmentoranincreaseinlaborinputs(HailuZegeyuandMetzger,

1993).InEthiopia,significantSWCPracticeswereimplementedduringthe1970s

and1980sbymobilizingfarmersthroughtheirpeasantassociationsmainlyin

foodforworkprograms.TheseSWCactivitieswereimplementedlargelyinthe

drought-affected areas including Wello focusing on both mechanicaland

biologicalmeasures.Themajormechanicalmeasuresincludeconstructionof

bunds,checkdams,micro-basins,hillsideterracesandthebiologicalmeasures

include enclosure protection of degraded land from human and animal

interferences(enclosures),treeseedlingproduction,plantingoftreeseedlingson

farmlands(agro-forestry),afforestation,treeplantationsaroundthehomesteads

and treeplantationinenclosuresasenrichmentto thenaturalregeneration

(GirmaTadesse,2001).Theintentionoftheimplementationwastoreducesoil

erosion,restoresoilfertility,rehabilitatedegradedlands,improvemicro-climate,

improve agricultural productivity and restore environmental condition

(Vancampenhout,etal.,2006;MekuriaWoldeetal.,2007).Inmanypartsofthe

Ethiopianhighlands,currentgovernmenthasalsobeenundertakingSWCthrough

integratedandparticipatorywatersheddevelopmentapproachestoimproverural

livelihoodswithsustainablenaturalresourcemanagement(MoFED,2006)..

2.2SoilandWaterConservationandItsAdoptioninEthiopia

Soilandwaterconservationisakeymethodinreversinglanddegradationinthe
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country.Toreducesoilerosionandlanddegradation,varioussoilandwater

conservationmeasureshavebeenadoptedthroughoutthecountry(Wolkaetal.,

2015).Theindigenousagriculturalsystem inKonsozoneischaracterizedby

stone-basedterracesandwell-integratedAgroforestrypractices.Ithasexisted

foratleastfourhundredyears.

The strength ofthe system is expressing culture and its institutions that

contributetothiskindofagriculture(TesfayeBeshah,2003).Thesurveyresult

revealsthattherearevariousindigenousandadoptedsoilconservationpractices

inDarimuandChewakaWoredasofIlluAbaboraZone.Amongthese,fallowing,

manure,contourplowing,crop rotation and waterways are indigenous soil

conservationpracticesandterracing,soilbund,faynajuu,grassstrip,grassand

elephantgrassaresomeoftheadoptedsoilconservationpracticesinthearea

(AntenehBelaynehetal.,2017).

InEthiopia,adoptionoflarge-scalesoilandwaterconservationtechniqueson

farm landswasdatedbackintheearly1970’s(Wolkaetal.,2015).Forinstance,

soilbundswereintroducedinWolaitazonetoconservebothsoilandwaterinan

experimentalcatchmentintheearly1980s,whichhaveshownmoistureand

nutrientconservation effects(Beshah,2003).Introduction ofsoiland water

conservationtechnologystronglyreducesrunoffproductionandsoilloss.Stone

bundsbuildingleadtosoillossreductionof58to66% inrangelandwhilethe

reductionraterangesfrom 43to50% incroplandincentralTigray,northern

Ethiopia(AkliluTayeetal.,2013).

Indigenous soilconservation techniques alone became less efficientwhen

comparedtomoderntechnologiesofconservationmeasures.Modernmethods

ofsoilandwaterconservationwereunsustainableduetounpopulartop-down

policiesand lackofcommunityparticipation thatleadspasteffortsofthe

moderninterventionprogramstobeingineffective.Hence,tocopeupwiththe

problems,indigenous techniques of soiland water conservation needs

improvementandthemodernonesalsoneedsadaptationtotheenvironment

andinvolvingthecommunityatalllevelsisvital(Osman,2013).
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2.2.1SoilConservationandItsImportanceinEthiopia

Ethiopiaisacountrywheresoildegradationisprevalentatatragicrate.The

averageannualrateofsoillossinthecountryisestimatedtobe12tons/

hectare/year,anditcanbeevenhigheronsteepslopesandonplaceswherethe

vegetationcoverislow.Theamountofyieldreductionbecauseofthelossof

topsoileach yearis increasing substantially.This makes the issue ofsoil

conservationnotonlynecessarybutalsoavitalconcernifthecountrywantsto

achievesustainabledevelopmentofitsagriculturalsectoranditseconomyat

large(AberaBirhanu,2003).

TheissueofresourceconservationhasbeengivendueattentionbytheEthiopian

government,itsdevelopmentpartnersandNGOs.Indeed,variousinterventions

havebeencraftedatbothnationalandlocallevelstoaddresswhatisbelievedby

manytobeEthiopia’scriticaldevelopmentchallenge.Yet,isappearsthatsuch

intervention should consider the added dimensions of secure resource

entitlement and collective action to harmonize the environment-society

relationship(AyalnehBogale,2006).

2.3EffectivenessofSoilandWaterConservation

Soiland water conservation measures interventions take various forms

throughoutthecountrytoreducesoilerosionandlanddegradationproblem

basedontheagro-ecologyofthearea(YonasAdemeetal.,2016).Accordingto

MekuriaWolde,etal.(2007)statedthattheconstructedstonebundwastrapped

76%ofthetotalsoillossinthestudyconductedinnorthernEthiopia.Similarly,

thestudyconductedintheJawe-gumburawatershedhadreporteda28%annual

runoffand47%soillossreduction.Thesearethereforeusedasevidenceforthe

effectivenessofsoilbundinreducingofrunoffandsoillosses.Consequently,

soilbundhasreducedlossesofsoilnutrientsandorganiccarbonassociated

withconservedsoil.Ontheotherhand,theconstructionofsoilbundstakesout

thecultivableareaoutofproductionby8.6percentascomparedtocontrol,

whichisneededtocompensatebyintegratingwithbiologicalconservationand

increasingyieldobtainedfrom conservedland(AdimassuZenebeetal.,2017).



20

Thefarmershaveseveralcriteriatoselectsoilandwaterconservationpractices.

Theeconomicbenefitistheonegiventopprioritytochoosethestructure.

Therefore,strengtheningparticipatoryplanningwithfarmersanddevelopingthe

bestfuturealternativesthatprovidewithimmediatebenefitalongwiththelong-

term benefitobtainedfrom soilandwaterconservationinvestmentisrequired

(AdimassuZenebeetal.,2013).

2.3.1SoilandWaterConservationImpactsonSelectedSoilPhysicochemical

Properties

Soiland waterconservation practice improves the soilproperties through

reducingrunoffvelocity,becauseintheabsenceofsoilandwaterconservation,

thesoiliswashed-outdowntheslopebyerosion.Alongwiththelossofsoil,it

resultsinlossofwater,nutrients,soilorganicmatterandsoilbiota.Thisseverely

harmstheproperfunctioningofthesoilsystem (Pimentel&Burgess,2013).Soil

erosionlowersbasesaturationandsoilorganiccarbon(SOC)contents;asa

result,itdecreasesthesoilpH.ThepHofthesoilinfluencestheavailabilityof

phosphorus,whichislowfornon-conservedagriculturalland(AsmelashFisseha

etal.,2016).

Thestudyconductedindifferentpartsofthecountrypointsoutthatcropland

withsoilandwaterconservationpracticeshowedsignificantvariationinsoil

physicochemicalproperties(TigestAlemayehuandGetachew Fisseha,2018).

Similarly,YonasAdemeetal.(2016)indicatesthatsoilandwaterconservation

improvethesoilpropertiesonconservedcropland(pH,K+,availableP,SOC,TN,

CECandclaycontent)thanintheadjacentcroplandthatiswithoutsoiland

waterconservationmeasures.Thisindicatesthepositiveimpactsofsoiland

waterconservationpracticesinimprovingthenutrientstatusofthecropland.In

contrasttothisWolkaetal.(2011)reportedthattheconstructedsoilbundhad

notaffectedmostofthetestedsoilpropertiesincroplandwithsoilandwater

conservationascomparedtothenon-conservedone.

2.4EffectofSWCPonSoilPhysio-ChemicalProperties

2.4.1EffectofSWCPonPhysicalSoilProperties
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AccordingtoMulugetaDemelashandKarlStahr(2010),thenon-conservedmicro-

watershedhashighestbulkdensitythanthemicro-watershedtreatedwithSWC

measures.Thiscouldbeattributedtothepresenceofhigherorganicmatterasa

resultofbiologicalconservation measures and higheraccumulation ofsoil

sedimentsthaterodedfrom upslopeinconservedwatershed.Conservedsoil

withbiologicalSWCmeasureshasabettersoilinfiltrationrate(therateatwhich

watermovetosoilverticallyinagivenperiodoftimeanddepth)thanthephysical

SWCmeasureduetotherootspenetrationeffectandadditionofsoilorganic

matterfrom plantbodies through decomposition ofthe soil.This means,

infiltrationandbulkdensityhasdirectrelationship.

ThetexturalclassesoftopsoilstreatedwithSWCmeasuresandthatofthe

untreated lands have differences which were confirmed through statistical

analysisofthesoillaboratorydata.Theanalysisrevealedasignificantvariation

oftopsoiltextureinpercentsand,siltandclaycontentduetoeffectofSWC

measures.Ingeneral,bundsplayagreatroleinreducingtheincorporationofclay

-dominatedsoilfrom thesubsoiltothesurfacesoil,whichresultedfrom removal

oftopsoilandexposureofthesubsoilbyerosion(MulugetaDemelashandKarl

Stahr,2010).

2.4.2EffectofSWCPonSoilChemicalProperties

SoilswithhighorganicmattercontenthaveahighersoilpHwhichfavorsbetter

exchangeofbasesandincreaseavailabilityofnutrientsthatareneededforthe

growthofplantsinagivensoilandecology.Organiccarboncanbeattributedto

theeffectofSWC measuresimplemented.Theageofbundsstabilizedwith

vegetative measure have betteraffectin soilorganic matteraccumulation

(MillionAlemayehu,2003).AccordingtoastudymadebyBotandBenites(2005)

soilorganicmatteraccumulationsupportatfootorlowerslopesofhillsofnon-

conservedlandsbecauseofmidandupperslopesarewetterandorganicmatter

wouldbetransportedtothelowestpointofthelandscapewithrunoffandsoil

erosion.Soiltexture appears to have an importantimpacton the amount,

distributionandchemicalpropertiesofsoilorganicmatter(SOM)components.

The analysis made using statisticalmethods revealed thatthe mean total
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nitrogendifferenceduetotheimpactofSWCmeasureswassignificantatp0.05

(MillionAlemayehu,2003).However,PhysicalSWC measuresstabilizedwith

nitrogen-fixingplantsdesignatingthetotalnitrogen(N)ismuchhighercompared

withotherbiologicalmeasures(MulugetaDemelashandKarlStahr,2010).

2.5ThePhysicalSoilandWaterConservationpractice

MostofthePSWCPeffortmadeintheareawasdirectedincontrollingsoilloss

from cultivatedfields.Theseincludestonefacedsoilbunds,soilbunds,water

way,cutoffdrainandFanyajuu.However,itisnotusualtoseestonebundsdueto

scarcityofstone,whichisattributabletogeologicalfeatureofthestudyarea

(AddisuDamtewetal.,2015).

Physicalsoilandwaterconservationpracticemaystillbenecessaryastheyhave

animportantroleinreducingsoillossbyrunoffcontrol,particularlyforannual

cropsandnosteeperslopes.Despitealltheseefforts,manywritersquotedthat

theSWC campaignwasneithereffectivenorsustainable.Forexample,Aklilu

Amisalu(2006)showedthatPSWCPactivitiesinthehighlandsofEthiopiaare

facedwithseveralchallenges.Despiteextensiveconservationpracticeduringthe

pastdecades,sustainedadoptionoftherecommendedmeasuresbythefarmers

hasnotbeenasexpected.WoldeamilakBewket(2003)alsonotedthatoverthe

pastfew decades,theagriculturalsectorhasfailedtokeeppacewithgrowing

demandforfood.Generally,PSWCPcanaffectfarm productivitypositivelyin

differentways.Themajorthreemethodsareincreasingfarm yieldsperhectare

throughincreasedsoildepthandwaterretentioncapacity,reducinginputcosts

asPSWCPhasthepotentialtoincreasetheaccumulationofSOM andincreasing

theproductivityoffactorinputs.Severalotherreasonsalsomayplayimportant

roleinsoilconservation(WorkuHailu,2017).

Theoverallintentionoftheinterventionsistoreducesoilerosion,restoresoil

fertility,rehabilitatedegradedlands,improvemicro-climate,improveagricultural

productivityandrestoreenvironmentalcondition(Mekuriawoldeetal.,2007).

AccordingtoMulugetaDemelashandKarl(2010)theappropriatePSWCPcan

significantlyimprovechemicalandphysicalpropertiesofsoil.Itispossibletosay

thatthiswayofimplementationshowssomechangesinthecountryasawhole
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andspecificallyinAmharaRegion.Physicalsoilandwaterconservationpractice

contributestomoreeffectiverainwaterharvesting,improvewaterretentionand

infiltrationintothesoil,increasingtheamountofwateravailabletoplantsand

guaranteeingtheharvest.Suchanincreaseinavailablewaterinthesoilprofile

willpreventsthelossofrainwaterunderwater-limitingconditions(Zougmoréet

al.,2014).Conservingwatermakesitavailableforcrops,livestockanddomestic

useoveralongerperiod.Controllingsoilerosionimprovescropandpasture

yields,andconservationmeasuresincreasethevalueoftheland(Sustainable

AgricultureInformationInitiative,2010).

Chapter3.MATERIALSANDMETHODS

3.1DescriptionoftheStudyArea

3.1.1Location

ThestudywasconductedinBiwulkidanemihretwatershedsituatedatDehana

districtWaghimraadministrativezoneAmharaNationalRegionalState(ANRS)of

Ethiopiain2020/2021.Thedistrictisfoundin78km awayfrom WestWaghimra

Zone,520km NorthEastofBahirDar(thecapitaloftheAmharaRegion)and793

km NorthofAddisAbaba(thecapitalcityofEthiopia).Thealtituderangesfrom

1205to3138m.a.s.l. (DDADRO.,2021).Thedistrictliesbetween12°10'and

12°39'Northlongitudesand38°25'and39°00'EasttothewestofSekotatown.It

isborderedbyZequalaWoredainthenorth,northWellozoneinthesouth,south

andnorthGondarzoneinthewestandSekotatownintheeast(DehanaDistrict
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AgriculturalandRuralDevelopmentOffice(DDARDO,2021).

Figure3.1:LocationMapofthestudyarea

3.1.2Climate

Therecordedannualmeantemperatureofthedistrictrangesfrom 120C-280Cin

thehighlandandlowlandsofkarshiwa(partsofDahanadistrict),whichissemi-

aridkola.Thehighestrainfallinthedistrictoccursduringsummerseasonwhich

startsin the middle ofJune and endsup in the earlySeptember.Rainfall

distributionintheregionischaracterizedbyhightemporalandspatialvariability

withannualprecipitationrangingfrom 400-450mm (DWADO,2021).

Karshiwa watershed covers 757.25ha in Dehana district.The soilofthe

watershedischaracterizedbyArgosol,AerosolandLeptosols(DDARDO,2021).It

hasauni-modalrainfallpattern;themainrainextendsfrom lateJunetoearly

September.Themeanannualrainfalloftheareavariedfrom 500to700andthe

mean minimum and maximum annualtemperatureare180C and 260C.The

watershedcanbedividedinto3agro-ecologiesaskola(lowlands)whichcovers
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20% oftheareawithrelativelylow rainfallandhightemperature.Anotheris

woinadega(middlehighlands)whichcovers44%withmoderateamountofrainfall

andtemperature.Finally,dega(highlands)whichcovers36% withsomewhat

higherrainfallandcoldtemperature.Around857householddependonKashiwa

watershedfrom 852households,517aremalesand335arefemales.Themain

typesoflanduseandlandcoverpatternsinthewatershedsarebushandshrub

land(38haor5.01%),cultivatedlands(417.25haor55.1%),forestland(94haor

12.42%)andgrazinglands(208haor27.47%).

3.1.3Topographyandsoiltypes

ThetopographyofDehanadistrictcontainsthreemaintraditionaldivisions.The

firstiskola(lowlands)whichcovers5.5%oftheareawithrelativelylow rainfall

andhightemperature.Anotheriswoinadega(middlehighlands)whichcovers

84.5%withmoderateamountofrainfallandtemperature.Finally,dega(highlands)

whichcovers9.8% withsomewhathighrainfallandcoldtemperature(Dehana

DistrictAgriculturalOffice,2021).

Argosol,aerosolandLeptosolsarethesoiltypescoveringnearly91%oftheland

inthedistrict.Traditionally,fertilityofthesoilsontheplainsisbelievedtobe

fertilebecauseofthesiltcomingfrom theadjacentmountains.Themountainsin

theeasternandnorthernpartsofthevalleyarebelievedtobethemajorsources

ofalluvialsoilbecauseofrelativelyhigherrainfallintheseareas.However,

previousstudiesbythedistrictProjectindicatethatsoilfertilityislow.However,

itisobviousthatsoilfertilityisverypoorascouldbeseenfrom theperformance

ofcropproduction(DehanaDistrictAgriculturalOffice,2021).

3.1.4Landuseandfarmingsystem

Thetotalareaofthedistrictis71642.37ha.Themaintypesoflanduseandland

coverpatternsinthedistrictarebushandshrubland(27.12%),cultivatedlands

(23.9%),forestland(3.68)andgrasslands(45.29%).Otherformsoflanduse

(builtup area)coveraccountfor0.01% ofthe land mass(Dehana District

AgriculturalDevelopmentOffice.,2021).Grasslandisthedominantlandusein

areasofhighpopulationdensity.Thenaturalforestresourceofthedistrictis



26

overexploitedandcoversonlyabout3.68%ofthetotallandarea.Farmingsystem

intheareaistypicallymixedcrop-livestocksystem ofthehighlandsofthe

country,wherelivestockprovidethedroughtpowerneededforfarmingoperation

andagoodpartofcropresiduearefedtolivestock.Themaincultivatedcrops

aresorghum,barley(Hordeum vulgare),wheat(Triticum aestivum),cawpea,teff

(Eragrostistef),pea(Pisum sativum),fababean(Viciafaba)lentils,sunflower,

safflower,potato(solanum tuberosum),tomato(Lycoprsiconescluntum),onion

(Allium spp.),lettuce,mango,cabbage,andbanana,pepper(YiheyisAemeroetal.,

2012).

3.2Soilsamplingandanalysis

Soilsampleshavebeencollectedfrom eachthreeplotofconservationandslope

gradient.Thesoilphysicochemicalpropertiesindifferentconservationandslope

gradientoftreated and untreated plots were taken.These composite soil

sampleshavebeencollected from thetopsoils(0-20cm)whichareimportant

forannualcropsgrowthanddevelopment.

Thesoilsampleswereairdried,crushedandsievedthrougha2mm meshsieve

foranalysis.Thenthesoilpropertiesconsideredinthisstudyweretexture,bulk

density,soilcompaction,Soilmoisturecontent,SoilOrganiccarbon(SOC),Soil

Organicmatter(SOM),totalnitrogen(TN),pH,availablephosphorus(av.P),

cationexchangecapacity(CEC)andElectricalconductivity(EC).

Compositesoilsampleswereair-dried,grinded,andsievedtopassthrougha2

mm sievetomakeitreadyforlabanalysis.Thesoillaboratoryanalysishasbeen

doneatAmharaNationalRegionalStateAgricultureOffice,Sekotasoilresearch

andfertilityimprovementcenter.Selectedsoilfertilityindicatorssuchassoil

texture,soilpH,bulkdensity,totalnitrogen,organiccarbon,availablephosphorus,

and caution exchange capacity were analyzed using standard laboratory

procedures.Fortheanalysisoftotalnitrogenandorganiccarboncontent,thesoil

samplewasfurthersievedby0.5mm sieve.

Soilbulkdensity(BD)wasdeterminedbycoresamplermethoddescribedin

Blacketal.,(1965).Thedeterminationofsoilparticlesizeproportionswas
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carriedoutbyhydrometermethodsuggestedbyBouyoucos(1962).Soilreaction

(soilpH)wasdetermined bya1:2.5 soil:waterratio using apH meteras

describedbyVanReeuwijk(2002).Thesoilorganiccarbon(SOC)concentration

wasdeterminedbyusingWalkleyandBlackrapidtitrationmethodasdescribed

in Haldarand Sakar(2005).Soilorganicmatter(SOM)wasdetermined by

multiplyingpercentorganiccarbonby1.724(Jones,2001).Totalnitrogen(TN)

was determined by micro Kjeldhalmethods as modified by Bremnerand

Mulvaney(1982).Theavailablephosphorus(Av.P)contentwasdetermined

using Olsen extraction method as described byVan Reeuwijk (2002).The

exchangeablebasesandCEC weredeterminedbyusingammonium acetate

method(SakarandHaldar,2005).Soilelectricalconductivity(EC)ofasoilwas

measuredwithaconductivitymeterinasoilwaterextractSahlemedhinandTaye

Bekele(2000).

3.4.1TreatmentsandExperimentalDesign

Afterfieldobservationaresearchwasconductedin‘Kershewa’watershedstone

bundandbenchterracewasdoneforaboutfouryears.Forcomparisonpurpose

adjacentcultivatedlandwithoutstonebundandbenchterracewasconsidered.

Threegradientlevels(top,middleandbottom slope)wereconsideredforsoil

physicochemicalanalysis.Soilsamplesat0-20cm depthwererandomlytaken

from eachslopepositionsoftheconservedandun-conservedcultivatedlandby

using soilauger.In this experimentsoilsamples were collected from 12

treatments.Twofactorswereinvolvedinthestudy,namelythreeslopeclasses

(top,middleand bottom)and fourclassesofsoiland waterconservation

measures(untreatedstonebundcultivatedland,cultivatedlandtreatedwith

stonebund,untreatedbenchterracecultivatedland,cultivatedlandtreatedwith

benchterrace).Theexperimentshaveatotaloftwelve(12)treatmentsthatwere

arrangedin3*4factorialcombinations.

From eachslopeclass5subsamplesreplicated3timeswerecollectedusing

zigzagmethodto have20compositesamplesforoneslopeclassand,60

compositesamplesforthreeslopeclassesand fourSWC treatmentswere

collected.A totalof36compositesamples(4treatments(SWC)×3slope

gradients×3replications)werecollectedbyusingsoilaugerfrom adepthof0-20
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cm.

3.4.2Statisticalanalysis

Meanandmeandifferenceshavebeenusedasadescriptivestatisticalanalysis

method.One-wayANOVAhavebeenusedtotestwhetherthereisasignificant

difference in soilphysicochemicalproperties between conserved and no

conservedplots.Two-wayANOVAwasappliedtotestwhethersoilpropertiesare

affected significantly due to the interaction effectofland uses and SWC

treatment.In addition,bivariate correlation analysis was used to show the

relationshipsbetweensoilphysicochemicalproperties.Thestatisticalanalysis

hasbeenmanipulatedandanalyzedbyusingSAS9.4.

Chapter4.RESULTSANDDISCUSSION

4.1Effectsofsoilandwaterconservationstructuresandslopegradientonsoil

physicalproperties

4.1.1Soiltexture

Theresultsrevealedthattherewasanumericaldifferenceamongtheselected

physicochemicalsoilpropertiesacrossthedifferent soil-waterconservation
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structures(Table,2).Soiltexture (sand and clay)wasstaticallysignificantly

(p<0.01)affected byconservation practiceand slopegradient.Whereassilt

fractionnonesignificantlyaffectedbothconservationpracticeandslopegradient

(Table1).Thehighest(37.7%)meanvalueofclayfractiontreatedstonebound

followedbytreatedbeachtraceandthelowest(24.4%)untreatedstonebound

followedbybeachtrace(Table2).Thiscouldbesoilweatheringisarelatively

slow process,textureremainsconstantandisnotalteredbysoilconservation

practice.However,thehighestsand fraction wasobserved underuntreated

beachtracefollowedbyuntreatedstonebund(Table2).Thismightbethe

smallestfraction ofclaysoilisremoved byerosion whereassand fraction

remainsconstant.

Incaseofslopegradient,thehighest(48.25%)sandfractionwasrecordedunder

topslopegradientwhereasthelowest(30.92%)sandfractionwasobserved

underthebottom slopegradientwhereastheinverseistrueforclayfraction

(Table2).Whichmightbethehighestfractioncouldn’tbemoveeasilybyerosion

tobottom slope.Variationwasoccurredinslopegradientandthemeanvalueof

sand fraction content declined down to the slope gradients.

Similarly, Mulugeta Lemanih (2004), showed similar results that steep

landscapes,transportationandtranslocationoffineparticlesareexpectedin

the lowerslopegradient,whereascoarsetexturalfractionremainsattheupper

slopegradient

Table 1.Mean square estimation fortwo ways ofANOVA on selected

physicochemicalsoilproperties underfour-conservation practices and three

slopegradient

Soilparameters Meansquareforthesourceofvariation
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Where**=highlysignificantatP<0.01;ns=notsignificant;cmolcg-1=centmolesof

chargeperkilogram;ppm=partpermillion;BD=bulkdensity;pH=soilreaction;

OC=organiccarbon;TN=totalnitrogen;Av.P=availablephosphorus;CEC=cation

exchangecapacity;EC=Electricalconductivity;Ds/m=deciSiemenspermeter.

CP(3) Slope(2) CP Xslope(6) Error(22) CV(%)

Sand(%) 373.66** 914.78** 30.63ns ±20.01 11.13

Silt(%) 6.15ns 117.36ns 18.40ns ±20.26 15.95

Clay(%) 302.77** 379.08** 21.16ns ±19.69 14.05

BD(gcm-3) 0.04** 0.31** 0.01ns ±0.008 6.48

MC(%) 11.19** 74.93** 3.88ns ±2.76 24.60

pH(H2O) 1.81** 4.57** 0.12ns ±0.27 10.96

OC(%) 0.86** 1.65** 0.05ns ±0.06 19.25

TN(%) 0.01** 0.07** 0.0005ns ±0.003 27.38

Av.P(ppm) 0.34** 0.38** 0.04ns ±0.02 4.89

CEC(cmolcg-1) 57.31** 64.33** 0.83ns ±2.07 9.97

EC(Ds/m) 0.003** 0.012** 0.000097ns ±0.0007 29.32
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4.1.2BulkDensity(BD)

Thehighest(1.45g/cm3)BDwasobservedunderuntreatedbeachtracefollowed

byuntreatedstonebundwhereasthelowest(1.29g/cm3)BDwasrecordedunder

treatedstonebondfollowedbytreatedbeachtrace(Table2).Bulkdensity(BD)

wasstaticallysignificant(p<0.01)bothconservationpracticeandslopegradient

butnon-significanteffectontheinteractioneffectofbothfactors(Table1).The

lowestitcould behigh organicmatterdueto soiland waterconservation

managementhoweverthehighestBDthelowestorganicmatterunderuntreated

conservationpractices.

Themaineffectsofslopegradient,slopestaticallysignificant(p<0.01)affected

byBD(Table1).Thenthehighest(1.51g/cm3)BDwasobservedunderthetop

slopeandmidslopegradientwhereasthelowest(1.20g/cm3)BD underthe

bottom slopegradient(Table2).Thiscouldbehighorganicmatterduetosoil

managementpracticesthatissoilwaterconservation.Therefore,highorganic

mattersthelowBDandhighlysignificantandnegativelycorrelatedwithorganic

matter.Thestudywasinlinewith(MulatGuadieetal.,2019)statedthatthe

higherBDintheuntreatedfieldscouldbeassociatedwiththeabsenceofSWCP

thatexposedthesoiltoerosionandconsequentlytotheremovaloforganic

carbonfrom thetopsoillayer.

Treatments

Particlesize(%) Textural

Class

BD

(gcm-3)
Sand Silt Clay MC(%)

Conservationpractices

Untreatedstonebound 43.22a 27.78 29.00b 1.41a 6.05ba
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Treatedstonebound

Untreatedbeachtrace

Treatedbeachtrace

34.00b 28.33 37.67a 1.29b 8.15a

47.78a 27.44 24.78b 1.45a 5.68b

35.78b 29.33 34.89a 1.36ba 7.12ba

LSD(0.05) 5.86 5.89 5.81 0.12 2.17

P-value ** ** ** **

SEM (±) 2.93 2.16 1.40 0.05 1.06

Slope(%)

Topslope 48.25a 25.17b 26.58c 1.51a 4.26c

Middleslope 41.42b 28.08ba 30.50b 1.41b 6.73b

Bottom slope 30.92c 3142a 37.92a 1.20c 9.26a

LSD(0.05) 4.59 4.62 4.55 0.09 1.70

P-value ** Ns ** ** **

SEM (±) 2.13 2.04 1.18 0.03 0.71

CV(%) 11.13 15.95 14.05 6.43 24.60
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Table2.Individualeffectsofsoilwaterconservationpracticesonselectedsoil
physicalproperties

Mean values within a column followed bydifferentletters are significantly

differentfrom eachotherat**p<0.01and*p<0.05;NS=notsignificant;CL=clay

loam;MC=moisturecontent,LSD=leastsignificantdifferent;SEM=standard

errorofmean;CV=coefficientofvariation.

4.1.3Moisturecontent(MC)

Thehighest(8.15%)MCwasobservedundertreatedstoneboundwhereasthe

lowest(5.68%)MC was observed underuntreated beach trace (Table 2).

Moisturecontent(MC)wasstaticallysignificantly(p<0.01)affected byboth

conservationpracticeandslopegradienthoweverinsignificantlyaffectedbythe

interactioneffectofbothfactors(Table1).ThehighestMCundertreatedstone

boundmightbeduetotherateoferosionisreducedbystonecoverageandthe

sundoesn’tcontactdirectlyonthesoil.

Inthecaseofslopeposition,thehighest(9.26%)andthelowest(4.26%)MCwas

observedunderthebottom andtopslopepositionrespectively(Table1).The

highestobservedunderthebottom slopepositionitcouldbeduetoerosionfrom

thetoppositionslopeorganicmatterdeposestothebottom slopepositionthat

meanshighorganicmattercontentindicateshighMCi.edirectlyproportional

(Table4).TheresultofthestudywasinagreementwithMelakuAleneetal.

(2021)who reported thatthe highestMC was recorded underlowerslope

positionduetohighorganicmatteraccumulationandlowbulkdensityatlower

slopeposition.

4.2Effectsofsoilandwaterconservationstructuresandslopegradientonsoil

chemicalproperties

4.2.1Soilreaction(pH)

SoilpH(H2O)wasstaticallysignificantly(p<0.01)affectedbybothconservation

practiceandslopegradientpositionbutinsignificantlyaffectedbytheinteraction



34

effectsofbothfactors(Table1).Thehighest(5.32)soilpHwasrecordedunder

treatedstoneboundfollowedbyrecordedtreatedbenchtraceandthelowest

underuntreatedbenchtracefollowedbyuntreatedstonebound(4.24)(Table3).

ThehighestpHundertreatedstonebundfollowedbytreatedbeachtraceitmight

besoilsareundisturbedbyerosionduetosoilmanagement.ThesoilpHranges

from 5.33-4.10thisistruethatgreaterrainfallincreasessoilacidityandhumid

areasaremoreacidicthanaridandsemi-aridareas(Osman 2013).Thestudy

wasagreementwithMelakuAleneetal.(2021)showedthatthehighestpHwas

recordedundertreatedstonebundduehighorganicmatteraccumulationsoils

treatedbystoneboundsincelowsoilerosion.SimilarwithMengieBelaynehetal.

(2019),showedthatthemeanpHofthesoilinthestudywatershedwas5.77and

5.66inconservedandnon-conservedlandrespectively.Theacidityofthesoil

couldberelatedwithitssub-humidnatureoftheareaandhighamountofrainfall.

WithinslopegradientpositionthehighestsoilPHwasrecordedfrom bottom to

topslopeposition(5.33-4.10),respectively(Table,3).Thehighestitmightbesoil

nutrientdepositedtofrom topslopepositiontobottom slopepositiondueto

highrainfall.ThestudyresultwasagreementwithMelakuAleneetal.(2021)

showed thatthe highestsoilpH was recorded underlowerslope position

comparedwithupperandmiddleslopepositions.

4.2.2Soilorganiccarbon(SOC)

TheanalysisofvarianceshowedthatSOCwassignificantly(p<0.01)affectedby

bothconservationpracticeandslopegradienthoweverinsignificantlyaffectedby

theinteractioneffectsofbothfactors(Table1).Thehighest(1.62%)SOCwas

recorded undertreated stone bound whereas the lowest(0.96%)SOC was

recordedunderuntreatedbeachtrace(Table3).ThehighestSOCundertreated

conservationwhichmightbeduetoconservationactivitytominimizingerosion

andplantandanimalresiduesliveontheplace.Whereasthelowestunder

unconservedareatomaximizeerosioninthiscaseplantandanimalresidues

removebyerosionduetohighrainfall.Theresultofthestudywasagreement

withMelakuAleneetal.(2021)statedthathighorganiccarbonwasobserved

underconservedareathannon-conserved.
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Inrespecttoslopegradientthehighest(1.72%)SOCwasrecordedunderbottom

slopepositionfollowedbymiddleslopepositionwhereasthelowest(1%)SOC

wasrecordedundertopslopeposition(Table3).ThehighestSOCwhichmight

beduetoerosiondifferentanimalandplantresiduesandsoilnutrientdeposited

to the lowerslope gradient.However,the top slope organic mattereasily

transportedtothelowerslopegradient.Thestudyresultwasagreementwith

MuktarMuhammedetal.(2020)showedthathighorganicmatterwasrecorded

underlowerslopegradientthanthehigherslopeposition.

4.2.3Totalnitrogen(TN)

ThemeanvalueofTNwashigher(0.24%)underconservedpracticesoftreated

stoneboundandthelower(0.08%)untreatedbeachtrace(Table3).TheTNwas

significantly(p<0.01)affectedbybothconservationpracticeandslopegradient

whereasitshowedinsignificant(p>0.05)differencewiththeinteractioneffectof

bothfactors(Table1).ThehighermeanvalueofTNunderconservedpracticesof

treatedstonebundwhichcouldbeaccumulationoforganicmatterreducing

erosionbystonebund.However,thelowerunderuntreatedbeachtracewhich

mightbelow managementsoilorganicmattereasilyremovedbyerosion.The

studyresultwasagreementwiththestudyofYonasAdemeetal.(2017)stated

thatthathigherTN contentwas recorded in treated fields compared with

untreatedfieldsinsouthernEthiopia.Thecorrelationcoefficientalsorevealed

thatTN significantlyandpositivelycorrelatedwithSOC(r=0.60**)(Table4).

ThisisbecauseSOC/SOM isthemainsourceofTN.
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Table3.Maineffectsofconservationpracticesandslopeonselectedsoil
chemicalproperties

Meanvalueswithinacolumnfollowedbythedifferentlettersaresignificantly

differentfrom eachotherat**P<0.01and*P<0.05;Ns=notsignificant;OM =

organic matter;OC = organic carbon;Av.P=available phosphorus;TN=total

nitrogen; LSD=least significant different; SEM=standard error of mean;

CV=coefficientofvariation;Ds/m=deciSiemenspermeter.

InrespecttoslopegradientTN wasdecreasedwithincreasingslopeposition

thenthehigher(0.27%)TN wasrecordedunderbottom slopepositionwhereas
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thelower(0.12%)underthetoppositionslopegradient(Table3).ThehigherTN

from thebottom slopepositionitcouldbetheaccumulationoforganiccarbonto

thebottom slopepositionasevidencedthecurrentstudy.IngeneralTN was

highlysignificantandpositivelycorrelatedwithOC(r=0.60**)(Table4).Thestudy

resultinlinewiththefindingofMulugetaAytenew(2015)whoshowedthattotal

Nrevealedanincreasingtrendfrom moderatelysteeptogentlyslopinggradient,

whichmightbeduetotheirdownwardmovementwithrunoffwaterfrom higher

slopegradientandaccumulationthereatthelowerslopegradient.

4.2.4AvailablePhosphorus(Av.P)

Availablephosphoruswassignificantly(p<0.01)affectedbybothconservation

practiceandslopegradientwhereasitwasstatisticallyinsignificant(p>0.05)the

interactioneffectofbothfactors(Table1).Consideringthemaineffect,the

highest(3.02ppm)Av.Pmeanvalueswererecordedinthetreatedstonebound

followedbytreatedbeachtraceandthelowest(2.58ppm)underuntreatedbeach

tracethatisunconservedareas(Table3).Low Av-Pfrom untreatedfieldswas

duetocontinuouscultivationwithoutSWCPsextractivecropsbiomassharvest,

andsoilerosion,asshownbyTeressaDejene(2017).AsshowninTable4Av.P

highlypositivelycorrelatedwithsoilOCandTN(r=0.66**and0.65**)respectively

(Table4).

Incaseofslopegradient,thehigher(2.99ppm)meanAv.Pwasrecordedinthe

bottom slopegradientsthaninthetopones(Table3),whichmightbeduetothe

washingoutoftopsoilandorganicmatterfrom thetopslopegradientsandtheir

subsequentaccumulation atthe bottom/deposition zone.The studyresults

similarwithYonasAdemeetal.(2017)whoobservedthatthehigherAv.Pwas

recorded underlowerslope gradientthan the top onesin Wenago district,

southernEthiopia.

4.2.5Cationexchangecapacity(CEC)

Cation exchange capacity was significantly (p<0.01) affected by both

conservationpracticeandslopegradientbutnot(p>0.05)theinteractioneffects

both factors (Table 1).The highest(17.48 cmolckg-1)treated stone bound

followedbytreatedbeachtracesmeanavalueofCECwasrecordedandthe
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lowestundernon-conservedareaswererecorded(Table3).Soilsintreatedfields

higherCEC than untreated fields (Table 3).Which mightbe due to the

implementationofswcpswhichisincreasingtheaccumulationsofsoilOM which

isleftontheland.ThestudywassimilarwithAndualem Gizachewetal.(2014),

TeressaDejene(2017)showedthatthehighermeanCECvalueswerefoundin

thetreatedthanintheuntreatedfieldsinAdaaBergadistrict,centralEthiopiaand

theWedaywatershed,easternEthiopia,respectively.Inadditiontothisthestudy

resultwasagreementwiththefindingofMathewosBekeleetal.(2016)showed

thatthehigherCECwasrecordedunderconservedlandthannon-conservedland

inMenesibuDistrict,WestEthiopia.

Ontheotherhand,inslopegradientthehigher(16.78cmolckg-1)meanvalueof

CEC wasobservedunderbottom followedbymiddleslopegradientandthe

lowest(12.15 cmolckg-1)underthe top slope gradient(Table 3).The slope

gradientincreased,theCECvaluedecreased(Table3).Thismightbeduetothe

removalofbasiccationsfrom theupperslopeandaccumulationinthelower

slopepositionsstatedbyMulatGuadieetal.(2020).Alsosimilarwiththereport

ofTeressaDejene(2017)statedasthehigherCECvaluesinthelowerslope

positionthanintheupperslopepositionsinAdaaBergadistrict,centralEthiopia.

CECwaspositivelycorrelatedwithpH,OC,TNandAv.P(r=0.73**,0.63**,0.77**,

and0.77**),respectively(Table4)asevidencedthecurrentstudy.Thestudywas

parallelwiththefindingofMulugetaAytenew (2015)atDawjaWatershedin

EnebseSarMidirDistrictNorthwestEthiopia.

4.2.6Electricalconductivity(EC)

Electricalconductivityshowedstaticallysignificant(p<0.01)bothconservation

andslopegradientpositionhowever,notstaticallysignificantintheinteraction

effectofbothfactors(Table1). Maineffectsofconservationpracticethe

higher(0.13ds/m)meanvalueofEC wasrecordedunderconservedareasof

treatedstoneboundfollowedbytreatedbeachtrace(0.11ds/m)whereasthe

lowerunderunconservedareas(0.06ds/m)(Table3).SincepH haspositive

correlation(r=0.49*)withEC,relativeincreasingofsoilpHincreasesthevalueof

ECasevidencedthecurrentstudy(Table4).Thestudyresultwasparallelwith

MathewosBekeleetal.(2016)whoobservedthatthehigherECrecordedunder
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conservedlandinMenesibuDistrictWestEthiopia.Electricalconductivityofsoil

solutionshowsindirectmeasurementofsaltcontent(BradyandWeil,2002).

Ontheotherhand,intheslopegradientthehigher(0.12ds/m)meanvalueofEC

wasrecordedunderbottom slopepositionfollowedbymiddleslopeposition

howeverthelower(0.06ds/m)undertheuntreatedbeachtracing(Table3).As

evidencedthecurrentstudyindicatedthatfrom toptobottom slopepositionthe

ECrevealedanincreasingtrendduetotheincreasingofsoilpH.Whichmightbe

fertilesoilwithhighamountofmineralcompoundswillhavehighconductivity

whiledepleted soilwith lessmineralswillhavelowerconductivityand soil

conductivityalsoECdependsontypesofmineralsaltspresent.Thestudyresult

wassimilarwiththefindingofOlarietaetal.(2008)showedthatthemeanvalue

ofECincreasedfrom uppertolowerslopepositionsincesoilpH haspositive

correlationwithsoilECduetoerosionandleachingofsolublesaltsfrom the

upperslopeandaccumulationatthedown-slopelandpositions.

4.3CorrelationamongtheSelectedSoilPhysicochemicalProperties

CorrelationanalysisamongphysicochemicalpropertiesofsoilindicatedinTable

4.SandfractionwashighlysignificantandpositivelycorrelatedwithBD(r=0.72**)

whereasnegativelycorrelatedwithclay,silt,MC,pH,OC,TN,Av.P,CECandEC

(r=-0.88**,-0.60**,-0.53*,-0.69**,-0.68**,-0.77**,-0.69**,-0.77**,-0.60**)

respectively(Table 4).Claywas negativelycorrelated with BD (r= -0.62**).

However,positivelycorrelatedwithotherselectedphysicochemicalpropertiesof

soil(Table4).SoilBDwasshowednegativelycorrelatedwithallselectedphysico-

chemicalpropertiesofsoilexceptsandparticlesize(Table4).Organiccarbon

was positively correlated with pH,TN,OC,Av.P,CEC and EC (r=0.53*,

0.60**,0.60*.0.71**),respectivelywhereasnegativelycorrelatedwithBD and

sandfriction(r=0.67**and0.68**)respectively(Table4).Ingeneral,allselected

soilchemicalpropertiessuchaspH,TN,OC,Av.P,CEC and EC positively

correlatedwitheachother(Table4).Whereassoilphysicalpropertiesincluding

texture(sand,siltandclay),BDandMCwerepositivelycorrelatedexceptBDfrom

otherphysicalpropertiesofsoil(Table4).Thestudyresultwasagreementwith

MathewosBekeleetal.(2016)inMenesibuDistrict,WestEthiopiaandagrees
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withMulugetaAytenew (2015)atDawjaWatershedinEnebseSarMidirDistrict

NorthwestEthiopia.

Table4.Pearson’scorrelationmatrixbetweenselectedsoilphysico-chemical

parameters,N=36.

Soilproperties Sand Clay Silt BD MC Ph OC TN Av.P CEC EC

Sand(%) 1

Clay(%) -0.88** 1

Silt(%) -0.60** 0.15 1

BD(gcm-3) 0.72** -0.62** -0.46* 1

MC(%) -0.53* 0.41* 0.43* -0.67** 1

pH(H2o) -0.69** 0.54* 0.52* -0.63** 0.64** 1

OC(%) -0.68** 0.62** 0.36 -0.67** 0.66** 0.53* 1
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TN(%) -0.77** 0.65** 0.50 -0.83** 0.63** 0.72** 0.60** 1

Av.P(ppm) -0.69** 0.58* 0.46* -0.61* 0.38 0.61* 0.60* 0.65** 1

CEC(%) -0.77** 0.70** 0.43* -0.74** 0.59* 0.73** 0.66** 0.77** 0.77** 1

EC(Ds/m) -0.60** 0.51** 0.40* -0.63** 0.51* 0.49* 0.71** 0.53* 0.41* 0.59* 1

WhereAv.P=availablephosphorous;BD =bulkdensity;TN =totalnitrogen;MC=

moisturecontent;EC=electricalconductivity;CEC=CationExchangeCapacity;OC=

Soilorganiccarbon;Ds/m=deciSiemenspermeter**,*thecorrelationissignificantatp

<0.01andp<0.05respectively.
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Chapter5.CONCLUSIONANDRECOMMENDATIONS

5.1Conclusion

Thestudywasinvestigatedtheeffectsofsoilwaterconservationandslope

gradientonselectedsoilphysicochemicalpropertiesinKershewawatershed,

northwestEthiopia.Theempiricaldataobtainedfrom thesoilresultrevealedthat

soiland water conservation and slope gradient effect on selected soil

physicochemicalpropertiesinthestudywatershedsite.Almostallsoilselected

physico chemicalsoilproperties were significantly (p≤0.01)and (p<0.05)

affectedbybothsoilandwaterconservationpracticesandslopegradients.From

thissoiltexture(sand,siltandclay),bulkdensity,moisturecontent,soilpH,

organiccarbon,totalnitrogen,availablephosphorus,cationexchangecapacity

andelectricalconductivity.Thussoilandwaterconservationandslopegradient

hadshownagreateffectonsoilproperties.Thehighestclay,moisturecontent,

soilPH,organiccarbon,totalnitrogen,availablephosphorus,cationexchange

capacityandelectricalconductivity.whereasthelowestsandandbulkdensity

wereobservedunderthetreatedstonebound.However,thelowestobserved

underuntreatedbenchtracefrom soilandwaterconservationpractices.Incase

ofslopegradient,thehighestclay,moisturecontent,pH,organiccarbon,total

nitrogen,available phosphorus,cation exchange capacity and electrical

conductivityinadditiontothelowestsandandbulkdensitywererecordedinthe

bottom slopehoweverthelowestunderonthetopslopeposition.Basedonthe

studysoilnutrientmaintainedontheconservedareathanunconservedareas.

Therefore,toconserveessentialsoilnutrients,itneedstoproducesustained

agriculturalproduction.
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5.2Recommendations

Basedonthefindingsandconclusionsdrawn,thefollowingrecommendations.

Responsible bodies and peoples in soilwater conservation should raise

awarenessofthelocalpeopleregardingbenefitsofsoilwaterconservationby

providing differentsoilwaterconservation practices to improve soilwater

conservationbenefits.

There should be a harmonized and collaborated work among different

responsiblebodiestorealizeacommontargetofpropersoilwatermanagement

andreductionofsoilnutrients.

Specialconsiderationshouldbegiventoreducetherateofsoilerosionand

erosionbyimplementingsoilwaterconservationmeasureslikestoneboundand

beachterraceforasustainablesoilresourcemanagement.
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