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The effectsof agricultural land use onthen u t r iswichio@edry atthe headwater
tributaries of River Nzoia in Kenya.

Abstract.

Land use change ithe headwaterstreamsinfluences the water quality as well as the
surrounding terrestri@nvironmentThe conversion of forested land into cropland not only silter
the organic matter delivery into strearut alsoaffectsthe levels ofsoils andstreamsediments
nutrients In this study, we evaluated the effectsagfricultual land use on theoils stream
sediments and watewtrients levelon the Mount Elgon headwater®f River Nzoiaduring the
high flows Four upstream sitewith less agricultural influencgerecomparedo six downstream
agriculturally extensive sitegrom thewaterN:P analysisN was the limiting nutrient in thep-
streamsites that wereharacterized by foresthile P wasthe limiting nutrient in the downstream
characterized bggricultural land use&SUVA2s4 analysisshowed arncreasng DissolvedOrganic
Carbonaromaticityto the downstreanihe averagei*>C of the soilsin the up-streamsiteswas
lower thanthose inthe downstreamdenoting asignifican{p<0.05) effectof C4 crops on the soill
carbon Thesoils C/Nwas negatively corelatg@Pearsonp<0.01) withPy,t and it ncreased from
the upstreanto downstreantdue to agricultureAll nutrients increased in the water colurinom
upstream but were all within théenyanrecommendedtandards fodomestiovatersource TSS
levels both in upstreamnd downstream were beyond the set standa®déls should be well
managed to prevefertility lossfrom the agriculturah e a d w aatclemers. s

Keywords:SUVA2s4 Aromaticity NutrientsAgriculture HeadwatersCatchment Fertility

1.0 Introduction
Land use change from forest imimp lands a key driver of nutrient influx and it has a tremendous

and broader consequence on the aquatic systems. It results in soil eedimion ofstrean
canopycoveralongside increasinsyntheticor organicertilizer usage which not only reduces the
habitat biodiversity and complexijtput also affects nutrients cyclirf@oyette etal. 2018) self

purification of streams (Stutter et, al., 2088 organic matter dynamics (Tank et, al., 2010).

Carbon(C), Nitrogen(N) and Phosphoroy®) areessentiamacronutrients needdxy all primary

producers inmany ecosystemsGlobally, hhese macronutrientsnflux have been linked to
freshwatersystems degradatigReters & Meybeck, 2000; Lotze et, al. 2006)East Africa their

excesssupply to Lake Victorias evidenced byutrophicationl(indensschmidt et. al., 199&ith

aconsequencef lakecolonizationby invasive specieand biodiversityreduction(Oberholsteket,

al., 2010 Njiru et. al., 2008



As reported by Redfield 1958, Carbon and Nitrogencycling relationship are crucial
biogeochemicdinks in the biospherdncrease in atmospheric G€an lead intancreased carbon
fixation by photosynthesigind increased: N in the terrestrial primarproducers(Bosatta&
Agren 199). Mineralizationrate of OM in soil is affected bythe C:N thusinfluencing the
availability of these nutrients farptake

The changesof stream waterC:N:P ratio along the river continuum occur majorly from
assimilationmetabolism, burial or atmospheric exchange (Marangdr, &G1.8).The catchment
attributes that interplay to influencthese processesincludes theland cover (Wilson &
Xenopaulos, 2009xso0il propertiegAutio et al 2016),the residence tim@_ambert et al. 2014)

andnutrientsavailability which are all directly affected by lande change

The effects of land use changm the streams& more severen the tropi@al ares than in the
temperate flartemink et al., 2008This is as a result afapid mineralizationof tropical orgaic
soils andhigh erodibility of soils by surface runoffgGrip et al., 2004 The surface runoff is an
event that is seasonal and its influenced by land use and cliSiatgh (et al., 2004 Tropical
catchments experience bo#ixtremewet and dry seasona which rainfall isa result of the
oscillation of the ICZAHedo et al., 2017).

Theexpansive land use in upper stream reaches mainly influences the chemistry of the larger rivers
downstreamwhile the effect®f local land uses in the catchments can be noted withisntiad

streams in the catchment (Buck et al., 200dh e st udy of cat chhmdmnt 6s
seasons with low flows in strearoan be used to describe ambient water quality which persist in

a longer time of the yeaB(odie & Mitchell, 2003, whereasduring arainy seasons withigh flow

evens, it can be used testimate theatchment pollutantd.ikens, 2001) Thus,this study is aimed

at quantifying the ammnt of pollutants entering the streathsoughrunoffs asa result of land use

change

1.1 Literature review

1.1.1Main sources and composition BfssolvedOrganicCarbon(DOC)
DOC isa crucial biogeochemical element in streams involved inmicrobial processingvater

pH buffering, nutrientgrecipitation and dissolution processéisis principally derived from
allochthonous sources which includearian soils and terrestrial leaf litter (Fiebig et al. 1990;

Kaplan and Newbold 1993)nd autochthonous sources suclstasamalgae and other aqtic



plants The quantity and quality of leaf litter depends on season, catchment and riparian condition
(Wantzen et al.,, 2008 As human disturbance increases from threstine forested stream
conditions, a shift ithe typeof OM is observedo be derived more from algal or bacterial than

plant and soil (Wilson and Xenopoulos, 2009; Lambert et al., 2017).

Quantifying DOC concentratienis important, but moreimportant is to characterize its
Aromaticity which influences its reacttyi with oxidants(Li et al., 2000Westahoff et al., 2003)
The aromaticityof DOC determines how it reacts withhet elements such astrogenduring
nitrification and denitrificatiorprocesse§&Zehr and Ward 2002, Vivan@nd Austin, 2011)More
alsq it characterizes th®M thatsupports aquatic food wetmobilizes and transports pollutants

andattenuate$ights in the watecolumn(Hansen et. al2016)

DOC concentrationgnd composition is influenced by two mairocesses; biodegradation and
photodegradatiofDel Vecchio and Blough. 200Hansen et. al., 2016Biodegradatiorof DOC
occurs both on photic angphotic zones and leads intapid losing oflow molecular weight
aliphatic materials which atabile (Wetzel et al. 1996while it can also resuinto high molecular

weightproductionghumicacids) byheterotrophgStepanauskas et al. 2005

The effects of DO@eficiency omitrogen cyclingand itsdifferent sourcefas been studie¢Xu

et, al. 201% observed thaDOC deficiency inhibitedhe sequestration of N thereby increasisg
transferof nitratesdownstream. A study bfStutter et al., 200)&eportedthatagriculturalrunoff
increasesiumic substances that denot balanceC: N:P ratio within thestreamwhereagiparian
wetlands andorest contributeso less humidOC with little N and P inputs that rebalances the
ratio (Stutter et al., 2018).

DOC chemical characteristic cdoe well predicted byspecific UV absorbance (SUVA)n a
spectrophotometric wavelengtt 254nm. This fraction estimates the aromaticity of humic
substances in the DOC (Weishar et. al., 2003) which influences cycling of other nulrieguts.

be computedby dividing UV absorbance at 254nm by the DOC concentration measured in
milligrams per liter (mg/L)

1.1.2C/N andi**C

The soils organic matter C/kelates to processes such as mineralization and immobilization of

nitrogen.Moreover,C/N ratioin aquaic systemsan reveal some character of the orgamatter



sources. The C/N ratio of 4 to 10 is attributeghytoplanktonic an@lgal sources while that of

14-20 and above is attributed to vascular plants soMegers &Teranes2001) The difference

in this ratio is as a result of presence of cellulose in the vascular plants and its absence in algae.
The {it3C signaturesare disinct in C3 and C4 plantsccording toO'Leary, 1988,He organic

matter resulting from atmospheric ¢@'*C=-7 a) f i x ateriesirial planghasén average

WC of 127& (PDB) , 4 pathwiay feave tah averagef df ¢ &n  CP DiB) .
combination with the C/N ratios can be used to determingypleeof plantsontributing toorganic

carbonin asystem.

1.1.3 Nitrogersourcesandtransformation
Nitrogenis a major component of amiraxids; the building blocks of proteiPlants requires

Nitrogen fortheir growthand survivalThe inorganic forms of N include gaseous,(N2O, NH5)

and dissolved (NEH, NO;,, NOs) forms. NHs" and NOs™ are themostreactive forns of N. Its
transformation into its major forms (Organic and inorganic) irsthis andstreams is influenced

by both biotic and abiotic factor@©odds & Whiles, 2010). The major pathways of its
transformationinclude: N> fixation, NH4s* desorption and adsorptioamaerobicNH4" oxidation,
dissimilatory reduction oNOs" into NH4", volatization of NH and itcan be temporarily removed

from water through assimilation by algae and macrophytes or permanently released to the
atmosphere through denitrification. The main form of inorganic N that is assimilated by
heterotrophs, plant and microbes islFihe heterabphs requires amino acids in order to digest
protein. These amino acids are products ofNkhichis also excreted by heterotrophs when it is

in excess in their bodies.

1.1.4Phosphorousources andycling
P in aquatic systems occursturally or through anthropogenic inputlatural inputsoccuras a

result of weathering proces$ rocks and soil parent matesah the catchment with low human
activitiesor by remineralizatiorof organicmatter fromdeadplants or aimals in theriparianand
within the aquatic systentheanthropogenic sourcesn either be point source or diffuse source.
Point sourcegentails a specific point of input suchwaastewateandindustry outles. The diffuse
sourcesentail nonspecific inputwithin a catchmentand occur during storm events as either
surface onland)subsurface runoffAgriculture is the main diffuse source of(Balloway et at.,
2004 Elser et al. 2007. The natural sourcesontributevery little amount of P compared to the

anthropogenisourcegMcDowell et al., 2002Goyette et al., 2038P input from point andiffuse
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sources within the catchment can be accumulated at various points along the longitudinal stretch
of a stream such as soils, riparistreamsediments and biomass. This P can be recycled and
remobilized into the water systems as SRP for decades evenesilcDowell et al., 2002).

The biogeochemical cycling of P in riversviery complex. It islependent on reactivity of soils
and sedimentd)ydrology and weather conditiofidouse, 2003)Themain processes by which P
is removed from the wateolumn instreamss by assimilation byautotrophs andurial into the
sedimentsThe size of thsedimentsnfluencesits P buffering capacityThe smaller the sizehe
higher the buffering capacity and vice ver3&e Low flow in streams facilitategfficient P
retentionwhile during high flowJess retention and biogeochemical processes ¢¥¢iiners and
Jarvie 2008)

P has been classified into its operational analysis method as SRP (soluble reactive phosphorous)
and TP(Total phosphorous)The sediments Bequential extraction bgPsenner et al., 1984
classifies itaccording taits mobility and immobilityfrom the sediment$inorg is comprised of

SRP extraction from millQ (Labile inorganid®), NaOH (Aluminum bound PandHCL (calcium
boundinorganic P)while Rot involves digestion usingl.SQs. The difference in Bt and Rhorgis

the Rrg tot

1.1.5Primary productivity limitation
Primary productivity of aquatic ecosystems is depended on nutaeaiability, light and other

physicatchemical parameters. When light is not limiting, primary production is controlled by the
availability of nutrients majorly being Nitrogen and Phosphorous (Vitousek & Howarth 1991;
Elser et al. 2007Nutrients limitationfor biomassvaries withregion.In the temperatgEurops,

P hasbeen documented to tlee main limiting nutrienin aquatic system@.angan et al., 1999;
Fillipelli, 2008. This has been attributed largelyimdustrialization and usage of N fertilizers for
cropping. Inthe tropicsN has been documented to be limitinga lake in Brazi(Feresin et al.,
2010) African streams (Mosth et al., 2001Dudgeon 2011 and 75% of streams Bouth

eastern Queenslarfddy & Dennison, 2005)

N is said to be the limiting nutrient whéme molarN:P is less than 10 while P is limiting when
themolarN:P is greater than 20 (Lohman et al. 1991; Thomas et al., Z@d@nentsrson et al.,
2009)A C:N and a C:P greater th&m3 andl29respectively infers to P limitation(Healey 1978) .

However, these ratios might be of less importance in determining the limiting nutrients if the
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nutrients are present in very high or very low levels (Bowman et al)2R0S most likely to be
limiting when its supply into the aquatic system is low or when the anthropogenic P supply is high
(Koch et al. 2004).

Major biological and chemical processes within the streEpendemperaturéDudgeon, 2011)
Autotrophic and heterotrophic productivity, Organic matter metabolism, Nitrogen sequestration
atmospheric oxygen and carbon exchange are among the main processes affected by temperature.
Temperature variation in stream mainly occur as a result of @ttbidnge as well as presence or
absence of canopy cover. Light affects mainly photosynthesis process while pH and specific

electric conductivity can influence the microbial processes and communities.

1.2 Justification statement
Thefate ofstreannutrientsfrom the origin taheir recipient bodies has been documeriéetams

are not simply passivpipesfor nutrientsi.e C, N and Pbut rather,they areactive reactors
(Maranger et al., 2018)The streamsnternal processingf these nutrientsalong the way
determins their fate. They are either loghroughatmospheric flux biotic uptakeand sediment
burial, oand) areexporteddown to the recipient bodiegLikens, 2001 McDowell et al.,
2002)Ther abundancever thelast 200+years has been asignificantincreasedue to land use
change agricultual industrializationand population gwth (Galloway et al. 2004 Wilson &
Xenopaulos2009) Landconversion fronforest to agricultural land hammense influencenthe
microbial processing oforganic matter andutrients loading into the freshwater systems.
Increasing usagef organicand chemically synthesizeditrogenousfertilizers andphosplate
rocksin thefarms endup increasingnutrientsinto thestreams through runaf{Galloway et at.,
2004)

(UNEP 2004 approximated a 38% east African forest land conversion into cropland and grazing
land by the year 20358/t Elgon forest haslreadyexperienced rapid conversion into crop land to
the extent of encroaching the protected area, (Mugagga et al., Z0i)onversion is coupled

by increased soil erosion susceptibility due deergrazing, maximum tillagand the steep

inclination of thelandscapéSemalulu et. al, 2015).

There has beennaincreasingneed to understand the nutrients dynamics withinttheo pi ¢ 6 s
freshwater ecosystems (Brunet et al., 2009; Bouillon et al., 2@Bl)eral studies have been

conducted on R. Nzoiavatershed Point sourcesof nutrients pollutionhas been researched
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(Achoka., 1998 Adams and Simiyu., 200Nadir et. al., 2019) with &esser focus omliffuse
nut r idgantcé at the Mt Elgon headwater catchment. Tthexe is need to carry out a
comprehensive study on the influence of land use change on the nugtaectsometryin this
catchmenteadvater systems dR. Nzoia

1.3 Objectivesand research questians
The purpose of our study was to examiiesther and how increased agricultural landingbe

downstream reaches affected water,soil andstreamsedimentshemistry bycomparing it to
up-streamforested reache#n order to achieve this, we came up with the following objectives

I.To assesaveragevater nutrientgoncentratons n t he headwater ds tril
Nzoia on Mt. Elgon catchmeduring high water level
ii. To assess the variation of Organic matter in the TSS of R. Nzoia headwaters tributaries
on Mt. Elgon catchmerduring the highwater level.
iii. To assess thie fractionsandC/N ratiosin the soils angtreamsediments of R. Nzoia
headwaters tributaries on Mt. Elgon catchment.
iv.To assess the POlhdUC ratiosin the soils andtreamsediment®f R. Nzoia

headwaters tributaries on Mt. Elgon catchment.

Our study was guided by couple sigecificquesionsthat aided in achievinguo objectives.The
first question wasow agricultural land use chamdj¢éhe nutrient supply and potential nutrient
limitations in the water columalongside effectsroSUVA2s4 The second questiomashow the
changeaffected the nutrients concentratias well as how it influenced thg3C of the soil and
streamsedimentsOur final question was hothe soil andstreamsedimentd?OM change as a

result of agricultural landse.

1.4 Hypothesis
I.  Nutrient concentrations, DOC concentrations as weBldgA»s4andN:P ratisin the
water columrand in the sedimentscrease fronthe forested read the agricultural
reaches.
II.  POM insoil decreasefsom theforestedto the agriculturbland use
[ll.  POM in sediments increases from fbeestedreach to thegriculturalreach of the
streams
IV.  C/N ratio decreasm both soils and sedimefrom forest to agiGulturalstreams reaches



2.0 Materials and methods

2.1 Study site

- -

Agriculture

Figurel showing the land use at the sampling sites within Bungoma county, Kenya

The study area iwithin Bungoma county administrative boundaaes sampling sitdecated on
the steep slopes of the extinct volcanic Nidh that has a height of 4321m above sea level. The
forest covered an area of 78.025 ha when it was gazzetted as a forest reserve in the year 1932,

however, several incisions have been made in the recent years converting it into settlement,



cropland and azing land (Hitimana et al., 2004). The sampling sites lie within the moist montane
foreststhat is characterizeldy both closed and open canoagdoccur between altitud250Q
2450m above sea level.

R. Nzoia has its origin from Mt Elgon and Cherengani hills and drains its water into L. Victoria.
The Mt. Elgon catchment is among thmain water sourcesfor domestic and industrialse in

Kenya with an average rainfall of 140800 mm and the temperatussging from 14C to 24C
depending on the altitude and season (Musau and Luedeling 2015). The area experiences two main
rain seasons per annurHifimanaet al., 2004 Shortrain periodof October, November and
December antlong rain periodccurring inApril, May, June and July

The soils in the forests are well drairfedble clayderived from volcanic rock while the cultivated
soilsare poorly drained loarsoil thatrange from reddish brown to black cold@ngugo et al.,
2002)The agriculturabreas are subdivided into small units ranging fibto 2 acres with main
crops cultivation beingnaize and beansndkeeping of cattle, goats and sh€€mgugo et al.,
2002) The county has aopulation density of 55Bm™? with 70% of the population practicing

agriculture as themaineconomic activity (KBS, 2019)

Arc- GIS version 10.5 in combination with Google earth was used to extract the study area. The
sampling streams shape file was digitized from close examination of image®gle earth pro

imagery version of 12/13/2015

2.2 Sampling design

The samplingvasdoneon the Mt. Elgon catchment R.Nzdrébutaries as shown in figure 1 during
the short rain period of November 2019. Sampling during a rain seasaviedus to capture the
diffuse effects of run off from the agricultal land. The runoffs cay most of the pollutants from
the catchment, tisit enabled uso quantifythe influence ofgriculturl land use on the aquatic

system.

Four sampling sites @re selectedin the forestedagriculturetransitionareason Mt. Elgon, R.
Nzoia tributaries outside the protected area of Mt Elgon natiesatve while Siteswere selected

on thelower streanagriculturally extensive point. The sampling poisggection was based on the



stream ordeandon their accessibtly. Efforts were made teample both upper and lower sites of
same stream$iowever, due tonaccessibilityof theagricultural lowersectionof Kimurio stream,
alternativdirst order strearmwere smpledi.e Kibingei and kapkasohéiihename of the sampled
streamstheir GPS coordinateand theiraltitude ardisted on table 1.1

Tablel The sampling sites, their GPS coordinates and altitude

S/No. | Stream sampling points GPS coordinates Altitude(m) ASL
1. Teremi upstream O0A 5406 340N, 34238m
2. Kimurio up-stream O0A 5306 28. 80N, |2239m
3. Kapkateny upstream 0O0A 5306 45.280N,|2293m
4. Kibisi Up-stream O0A 5406 100N, 342298m
5. Kapkasobei dowsstream (00O A 496 28. 500N, 1881m
6. Kapkateny dowsstream O0OA 486 51.90N, |1660m
7. Kibisi down-stream O0A 4706 500N, 341624m
8. Kibingei downstream O0A 476 37. 230N,/ 1633m
9. Teremi downstream 00°4518.23N, 3439'33.83E 1535m

2.2.1Physicechemical parameters and water samples collection.

The sample collectiowasguided by UNEP, 1996 arecommendation for water and sediments
sampling.Physicachemical parameters includimgH, dissolved oxygen (DO), DO saturation,
temperature and electrical conductivwtere measuredn situ using aHACH 40d Multr meter

probe

The samples in the fieldiere placed in a cooler box and then placed in a fridge unéler 4
temperature upon arrival in the Laboratdiater samples for nutrients analysisrecollected at
the water surface at a depth of betweBtniand20cm into 300ml acid washed plasti@ls. Four
(4) samplesn a replicateof three(3) persite were collectedlOOmI to 200mbf eachsamplewas
filteredimmediately upon arrival in the laboratory using a vacuum filter pumWédratman GF/F
of 0.7umthat had been preombusted at 50C for two hours The filtrate and the remaining
samplewasstored in the fridge for nutrients analysis. Water samphiagdone once per week
involving four sampling expeditions in the month of NovembEnree(3) watersampleger site

in areplicateof three (3 for DOC/DOM analysiswvere collected alongsidiae nutrients water

samplesThar filtration was done in the fieldsingsyringe handilter device andpore-combusted
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GF/F Whatmanfilter (combustion at 50@€ for 2 hours) The samps were subjected to
spectrophotometric readings at 254 npon arrival to Egerton LaboratorieSne of the three
sample per sitein triplicateswastransportedo Wassercluster, lunz am see Austria, in an iced

cooler box for DOC/DOM analysissingthe SpectrophotometeFluorescenc®evice.

2.2.2Soil samples

A longitudinal stretch o20m along the streamwith accessibleight bank and left bankvas
selectedcat every sampling poirior both fores and agricultural land us&amples were catted

at an approximatediagonaldistance of 10 to 20 meters framverbank. Three sampleper site

were collected in replicates of teffive replicates from the right bank andthersfrom the left

bank of the stream Stainless steetcoop vas used for surface soil sampling to depths of
approximately? cmbelow ground surface where conditiomsregenerally soft and nemdurated.

A 4mm sievewasused to ensure uniform sagtain collection. The sampleseretransported in

an icebox to the Egerton Laboratory for further analysis. The most dominant land use activity/

(agriculturalactivity) ateach sampling siteras recorded in the field notebook

2.2.3Streamsedimentsamples

At every sampling site, a 20nrstch of the streanvasestimated an@ streamsedimentsamples
collectedin replicates of By use of a stainlessteel scoop and sieved using a 4mm sieve to ensure
grain size uniformity. The samplesllectionwasrandomacross the 20m stretchhey were then
placed in a prelabeled polythene sampling bags and transported in abmoterthe Egerton

Laboratory for further analysis.

2.3 Water Sample analysis
23.1SRP and TP

SRP was analyzed spectrophotometricailacordance tdAPHA, 2009 method.The samples
absorbancesvere read using &GENESIS Duv scanning spectrophotometealibrated to the
wavelength of 885nm. The TWas measured from the unfiltered samples by digestind
reducing the forms of phosphorpeesent in the water into the free orthophosphate form (SRP)
using0.5mK>$;0g in an autoclave at a temperature of 12@nd 1.2 atm for 1hr 30min and then

determining the concentrations through the SRP procedure describe above.

11



23.2N0Os and TN

Sodiumsalicylate methodiescribed byVosset &Basset 1989was used to analyze the nitrates
concentration The photometricabsorbanceat wavelengt20nmwere taken usingSENESIS
10uv scanning spectrophotometdine TN was determined bypersulphate oxidation method
describedy (Koroleff, 1983)where all nitrogenous compoungsreoxidized into nitrates in an autoclave
at 110C for 1 hour. Absorbances at 220 and 275 nm against distilled weterdetermined on a
GENESIS 10uv scanning spegihotometer and the TN (as mg NN/L) calculatedusing the

following formula:

1g NO; - N in 50 mL endvolume
mL sample

mg NO,™-N/L =
2.3.3NO2

NO.was analysedising standardnethoddescribedoy (APHA, 1998)involving Sulfanilamide

and NNaphthyt(1) - ethylendiamirdihydrochlorid GENESIS 10uv scanning spegihotometer

was usedn taking photometricreadings at a wavelength of 543nm, calibration being done against
the milli-Q.

2.3.4NHs"

The standardanalytical procedure b{APHA 1995 wasused toanalyzefor ammonium nitrogen
and thephotometric absorbances at 655nm wavelemvgtne taken usinga GENESIS 10uv

scanning spectrophotometer

2.3.5Dissolved organic carbcand 1SS

TSSfor all the water samples wdsterminedn accordance tGAPHA 1995 analytical standards

Moleculesthat comprise DOC in watesampleshave their average absorptivigt 254 nm
photometric readings (Traina et al., 19%eishar et al., 200Q3lt is for this reason thabOC
samples in Egertobniversityweresubjected to photometric readings at 254nm@&ENESIS
10uv scanning spectsbotomete The DOC in milligrams per litewas determined using

Shimedzu TOGL (Total Organic Carbon Analyzeat wassercluster lunz am see.

12



2.4 Soil and sediments analysis
24.1POM

All Soil and sediment sampleseredried in an oven for 24 hours at %6. Subsamplesveremade,
weighed and placed in a Kiln for 2hrs at 300 After cooling, the combusted samplesre
weighed andhe POM calculated as a percentage of weight loss usadotlowing equation
POM= ((W1W2)/W1)*100where W1 is weight after muffling in an oven, W2 is the weight after

combusting in a kiln.

2.4.2 Sequential Rxtraction

Sequential P extraction involgeharacterizing thdifferent forms of P in terms of thelgbility
of Porg and Pinor@s outlined byPsenar et al., 1984nd Lukkariet al.2007). This enabled us
to determine the potentially mobile ionmobile P in the soils and sedimeatghe two land uses

The organic P (Pinorgyas determinety weighing 12g of thedried samplesand adding 25ml
of milli-Q. They werethen placedn a shaker for 2hours after which thvegrecentrifuged at 3000
RPM at a temperature of A2 for 15minutesThe resulting supernatawasslowly decanted into

a separate uncontaminated tube for SRP determination.

A 25ml of 0.5M NaOHwasthen be added to thesidueand then placed on a shaker for 24hours
after which theywere centrifuged at 3000 RPM at a tempera of 12C for 15minutes. The
supernatantvas decanted into uncontaminated tubes before rinsing the sedimigmt85m| of
milli-Q, centrifuging it and adding it to the supernatants and placing it in a fridge for SRP

determination.

The TP from the NaOHupernatantvasdeterminedby diluting the NaOH supernatan20 folds
and autoclaving it for 1 hour before analyzing the TP in form of SRRE.remaining sediments
after NaOH extractiowereadded with 25ml of 0.5M HClnd following the same procedure as
that of NaOH SRP extraction.

The TPwasdetermined by combusting the grinded samples in a furnace@ &)@ hours. 0.1g
to 0.2gwasweighed and 10ml of 0.5M43Qs added before placing it in a microwave for digestion

for one hourThe resulting supernatawasdilutedaccordingly,and TP analyzed in form of SRP.
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The SRRvasanalyzed using the continuous flow analyZeFA) that uses the automated ascorbic

acid reduton. It operates by reacting orthophosphate with molybdate in acidic conditions and
subsequently reducing it using Potassium antimony tartrate as a catalyst that increases its
sensitivity. The resulting molybdenum blue complex is then measured phot@atheftc880nm

wavelength.

The P fractions in the soils were calculated as folldsy was calculated by summation 8SRP
from Milli -Q extraction SRPfrom HCI extraction and SRP from NaOH extracti®ag labile was
calculated as the difference betwabe TP and SRP from NaOH extraction: Was the total P
from the BSQ; digestion while Porg_tot was calculated as the difference between:tredRhe

Pmorg-

The CN samples were driedt Egerton Universityaboratoriesin an oven for24 hours at a
temperature of 7&. They weregrinded at wassercluster Lunz am se®& thenacidified using
0.5M HCLto moderatehe organicarbon They werghensubjectedo a Thermd-isherelemental
analyzerFlash 2000HT PLUSfor total carbon and Nitrogesheterminatiorand therto theDelta
V advantagesotope ratio mass spectrometer (EMS). Low organic soil standardsereused

for the analysis

2.5 Land use analysis

Land use analysis was achieved by use-@1Q version 3 madeira equipped with LUC plugins

for remote sensing. Saga GIS was used for band extraction and classification while the images
were downloaded from landsat and sentinel 3(students account). Raster layer extraction,
digitization(vectorization) and analgsper micro pixel class was by use ofG]S. The visual

output of the area analysis was per 1km radius perRigoutput categorized thand useand
vegetatiorcoverin terms of Forests§hrub vegetatiaragriculturecrop land, agriculture batand

and housingThe forest and shrulegetation were summed together and reported as forest while
agricultural crop langnd agricultural baréand was alssummed and reported as agriculture.
Sites with6%%+ of forest anda 60%+ canopycover wereregaraedto beunder forest landise

while those with 70%-+ cropland was regartietbe underngricultural land use

14



2.6 Statistical analysis

ShapireWilk normality test was done for all the sediments and water nutrients datalBsng

SPSS statistiogersion 26 (USA) software. Where necessary, some variables were LN transformed

in order to meet the statistical equality of variance and nornedgymption. Variables that were

not normally distributed were subjected to Kruskal Wallis farametric test. The parametric

variables were subjected to eway ANOVA with thestream samplingoint (either up-streamor

downstream being selected as thadtor for the general land use comparison. Streams were
selected as a factor for the interstream nutrients comparison and Tukey HSD was selected for the
post hoc analysis. A significant level®k 0.05 was adopted throughout the analysis unless where
stpul ated ot her wi se. Pearsond6és method was wused

streamsediments and water nutrients properties

In order to determine thpossible limiting aspects ofater N:P, the N was derived frorthe
summation of the molanassof NO,- ,NOs and NH* while the P washemeasure ocERPmolar

mass The C wadrom the DOC in mg/Lconverted to its equivalent molar.

The SUVAsswas computed in accordance to (Weishiaal.,2003)by dividing the Absorances
at 254nmmeasured using 1cm cuvettéth the DOC in mg/Lmultiplied by 100.
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3.0Results

The GIS land use analysis showed that thatugam sites were covered by 69 to 99% forest and
vegetation while those in thBownstream had 40 to 60% (Fig. ZJowever, the Kapkateny
upstream site was more encroached by agriculture with ab®&uti4te canopy cover was higher
(60 to 90%) in theip-streamthan Downstrearsites(20 to 40%.

E Agriculture

100 100 WrorestedBushle
M Canopy
a0 80
80 80
40 40
20 20
0

Kapkateny Kibisi Kimurio Teremi Kapkasobei  Kapkateny Kibingei Kibisi Teremi

Up-stream sites Downstream sites

Percentage cover

Figure2 The percentage cover of agriculture, forest and stream canopy, at the upstream and downstream sampling
sites

3.1 interstream specific results
The results are hereby presented comparingditierent streams at the twosamplingsites

locations Firstcomparisons at the upstrearten the downstream sites

3.1.1Up-stream
3.1.1 (a) Physicaeehemical and nutrients properties of water
As it is illustrated in Table 2he oneway ANOVA showedthat themean EC levels varied

significantly (F4,46=47.67 p<0.05)cross the wstream sitesTukey HSD test reveatethatKibisi

mean E.Gwvas different from the restf the sits. There was no significant differenegross the

sitesin either range or mean levels of pH, DO saturation and(ASI®VA, p<0.05 n=42). Most

streams had mean temperaturange ofLl4.9C to 16C except Kibis(13.2C).Si mi | ar |l vy, Ki &
mean D(Q(8.82+0.61mg/Liffered from the rest of streams waeoDO rangefrom 6.5 to 7mg/L

(ANOVA, p<0.05 n=42). The mean discharge differed across all the fqustream sites with

Kibisi having the highest (1.42+0.02s1) while Kapkateny having the lowe.37+0.10ms?).
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Table2 The mean values and standard deviation (stdev) for phghgmical properties of water at the upstream
site.

Stream Landuse  n Temp°C stdev  pH E.CpS/em stdev  DOmg/l stdev  TSSmg/l stdev  OM stdev
Teremi Forest — n=9 1497 237 6.66-7.89 48,06 9.87 6.80 045 2761 21.72 67.90 6.89
Kibisi Forest n= 9 1325 076 7.55-7.67 72.57  0.62 883 0.6l 3813 1740 5461 2035

Kapkateny ~ Forest — n=12 1574 046 680765 5445 259 669 007 4142 1149 5597 4598

Kimurio  Forest ™12 1602 065 676766 5317 254 665 016 3750 805 5040 1287
There was no significant differen€@ANOVA, p<0.05, n#2) in mean levels of Nk NOs, NO,

and DOC across the foup-streamsampling sites illustrated on table 3. Kimurio had the highest
mean ammonium NH26.51+ 22.70ug/L) while Kapkateny had the lowest (23.94+19.83 ug/L).
Themean NQ, NO, and DOClevels across the s@ams were generallyery low.

Table3 The mean values and standard deviation fog, NiD;, NO, and DOC of water at the upstream sites

Stream Land use n_ NHd4pg/LL stdev  NO3mg/L stdev  NO2pg/l. stdev  DOCmg/L stdev

Teremi Forest n= 12 2600  22.39 0.01 0.00 1.05 0.60 1.04 019
Kibisi Forest n= 9 2636 14.03 0.04  0.05 084  0.09 1.19  0.05
Kapkateny Forest n=12 23.94 19.83 0.03 0.05 1.23 0.84 096 0.l6
Kimurio Forest n=12 26.51 22.70 0.01 0.02 0.81 0.35 1.03 0.08

The mean Total phosphorous (TBpluble reactive phosphorous (SRidg Total Nitrogen (TN)
levels differed significantlif{ANOVA, p<0.05, n45) across theip-streamsites(Table 4). Kibisi

had the highest mean TP (0.09+0.02mg/L), SRP (34.75+0.02ug/L) and TN (1.80+0.26mg/L)
levels while Teremi had the lowest mean TP (0.05+0.01mg/L), Kapkateny had lowest SRP
(15.37+3.24 ug/L) and Kimurio had theWest TN (1.13+0.69).

Table4 The mean values and standard deviation for TP, SRP, and TN in water at the upstream sites

Stream Land use n TPmg/L Stdev SRPug/L  Stdev TNmg/L  Stdev

Teremi Forest n=12 0.05 0.01 19.44 317 1.16 0.71
Kibisi Forest =9 0.09 0.02 34.75 11.27 1.80 0.26
Kapkateny Forest n=12 0.08 0.01 15.37 3.24 117 078
Kimurio Forest n= 2 0.08 0.01 20.18 3.19 1.13 0.69

There was no significamlifference(ANOVA, p<0.05, n=4%in the mean \P, andC: N across all
theup-streansites (Table 5). C:P differddNOVA, p<0.05, n=45pcross all theip-streansites.
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The mean N:P was highest at Kapkaten®.8413.7) whereas the rest of the streams had an

average of about 8.1. Teremi had the highest G®9+69)while Kapkateny had the highest

C:P(110.2+39.3)

Table5 The mean values and standard deviation for N:P, C:N and C:P in water atdineaup sites

Stream Land use n N:P stdev C:N stdev C:P stdev

Teremi Forest n=12 722  5.93 56.97 69.% 84.73  19.03
Kibisi Forest n=9 811 270 36.91 177 55.24 5.87
Kapkateny Forest n=12 1288 1373 28.03 23.39 110.24 39.31
Kimurio Forest n=12 8.76 7.09 2118 17.85 9035 17.36

3.1.1 (b)Soil and stream sediment P, QiRC

The meani**C and C/N in the soils differed significantffANOVA, p<0.05, n=24)across the up

stream sites whereas no significant differe(88OVA, p<0.05, n=24) was observed foi'®N
Ki

(Tabl e 6).

except for Kbisi (15%).

Table6T he mean

bi si

val ues

h aléfC (+17.26+0109),°N(2007+0.20)aachC/No f
(10.83+0.40) while Kapkateny had the low&S{C (-20.73+ 0.11) and C/N(8.99+0.65).The mean
percentage Particulate organic matter(POM) in soils across the steeaged fron23% to 29%

a n &C s'N{#CNchadrPdrcentame ROM tofisailhat thestnpam U
sites. The superscripts letters denote the Tukey HSD analysis for sites with significant (p<0.05) differences:

a=Teremi, b= Kbisi, c= Kapkateny and d= Kimurio

Stream Land use n i stdev N stdev  CIN stdev POM(n) %POM stdev

Teremt? Forest 6 1985 124 9.27 1.02 10.25 0.27°¢ 30 2014 10410
Kibisi® Forest 6 1726 009 10.07 0.20 10.83 0.40¢ 30 1523 10.17%
Kapkaten§  Forest 6 2073 0.11% 9.83 0.39 8.99 0.652 30 2349 1126
Kimurio® Forest 6 1822 237 8.65 1.62 9.77 0.41 30 2458  10.31°

There was no significant differenCANOVA, p<0.05,n=24ga cr 0 S S

Porg_tot fractions (Table 7). The mean soiktPand mean Ry were highest at Kimurio

(1672.75£363.63 and355.83157.94 respectively).

(1080.23+301.11mg/kg) while Kapkateny had the lowesiyPThe Rrgabie differed significantly
(ANOVA, p<0.05, n=24)cross the ugtream sites. It ranged from 37.5 mg/kg at Kibisi to 511

mgkg at TeremiThe Riq totwas approximately triple higher thBrorgacross all the forest sites

18

Kibisi

had

the

S

O

St hotePaogend Soi |

lowest

meaf

P



Table7 The mean values and standard deviation for Total phosphorgysiiBrganic phosphorous (Pinorg), Total
organic phosphorous {g ) and Labile organic phosphorousgRuie) of soils at the upstream sites. The
superscripts letters on the stdeandte the Tukey HSD analysis for streams with significant (p<0.05) differences:
a=Teremi, b= Kibisi, c= Kapkateny and d= Kimurio

Stream Land use I P Stdev Pinorz stdev Parg ot stdev Porg tabile Stdev

Teremi® Forest n=6 166745  564.20° 31139 80.02 1356.06 508.63 51116 202.19%
Kibisi® Forest n=6 108023  301.11 323.09 113.19 757.14 369.08 3753 11.90°¢
Kapkateny® Forest n=0 148740  353.58 262.88 9.30 1224.52 348.35 270.58  60.20°
Kimurio? Forest =6 167275 363.63 355.83 57.94 1316.92 318.51 35193 5394

From thestreamsedimentsnalysis (Table 8)j*°C differed significantlf ANOVA, p<0.05, n=12)
acrosghe up-streamsites. It ranged from-20.36+0.07) at Kapkateny tel@.17+0.31)at Kibisi.

A significant difference in C/N was observed acrossujretreamsites. It wa highest at Teremi
13.26+1.00 and lowest at Kimurio (9.73%0.16). Kimurio had the highest %POM (14+9%) in the
streamsedimentsvhile Kapkateny had the lowest (4%).

TableBThe mean val ues an &C sNirMNdhadrPdrceatage drgaricites {POM) of the
stream sediments at the-gfseam sites. The superscripts letters on the stdev denote the Tukey HSD analysi:
with significant (p<0.05) differences: a=Teremi, b= Kibisi, c= Kapkateny and d= Kimurio

Stream Land use n uc Stdev N stdev C/IN  stdev  %POM(n) %POM Stdev
Teremf Forest 3 2021 012 748 1.06% 1326 1.00¢ 15 858 276
Kibisi® Forest 3 -20.36  0.07% 981 00% 990 0.06 15 11.04 312
Kapkaten§  Forest 3 -19.87  0.07 9.34 04F 10.03 04¢ 15 414 1.14°
Kimurio® Forest 3 -18.17  0.31 965 047 973 016 15 1427 917

As illustrated in Table 9, no significant differenG®NOVA, p<0.05, nd2) across all thaip-
streamsites in the mean levels of theiavie and Rrg_tot fractions of thestreamsedimentsThe
Porg_totwas higher than thedgy across all the site3he Rrgiavie average levels ranged from 0.00
at Teremi to 74.58+69.64 Kiapkateny. The meandPwas highest at Kimurio (2098.33+343.92)
and lowest at Kapkateny (1300.951+206.71. &lerageli*>C differed significantly(ANOVA,
p<0.05, n=12) acrosshe streams. It ranged from2(0.36+0.07) at Kapkateny to Kibist (
18.17+0.31).
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Table9 The mean values and standard deviation farfnorg, By wtand Brgianie Of instream sediments at the
upstream sites. The superscripts letters on the stdev denote the Tukey HSD analysis for sites with significant
(p<0.05) differences: a=Teremi, b= Kibisi, c= Kapkateny and d= Kimurio

Stream Land use n P Stdev  Piaory stdev  Pyrg stdev  Porguanic  Stdev

Teem®  Forest n=3 16147 2516 12888 728% o250 27588 000 040
Kibis? Forest N=3 13363 15060 3079 414 102384 645 8B 1
Kapkateny® ~ Forest n=) TS T 4074 f0B4T 02 195 TR 60
Kimurio® Forest n=3 209833 34392 58171 3581° 151661  308.41 56.81 20.64

3.1.2Downstream

3.1.2 (a) Physicehemi@l and nutrients properties of water
As illustrated in Table 10, the mean levels of water E.C differed significeNVA, p<0.05,

n=54) acrossall the downstream sites except for Kibisi and Kapkasobei. Kibingei had the highest
mean EC (196.23+6.32uS/cm) and pH range (B.49) while Kapkateny had the lowest mean
E.C(100.60£29.39S/cm) and Teremi had the lowest pH range (74.0959). The meabO range

from 6.2+0.1mg/L at Kapkasobei to 6.81+3%L at Kibisi. Kapkasobei had the highest mean
temperatures (21.98+0.98) whereas Kapkateny had the lowest (18.73+2.62). The mean discharge

was highest at Teremi (3.64+0.78mM), two times higher tharhe rest of the downstream sites

Tablel0 The mean values and standard deviation (stdev) for phghemical properties of water at the
downstream sites.

Stream Landuse n  Temp'C stdev  pH ECpS/em  stdev  DOmg/l  stdev  TSSmg/l.  stdev  OM stdev
Teremi Agriculture 0=9 1944  0.78 7.09-7.53 10393 483 6.56 (.12 248.89 5446 2030 339
Kibisi Agriculure =12 1877 203 751-828 14131 754 6.81 035 11792 3572 30.38 15.19

Kapkateny  Agriculture  p=12 1873  2.62 7.27-840 10060 29.39 6.75 027 196.67  67.53 2829 0.62
Kapkasobei ~ Agriculture  n=9 2199 098 7.25-8.03 14190 29.07 6.28 0.11 80.56 2455 2749 6.63
Kibingei Agriculture  n=12 1928 222 745844 19623 632 678 041 185.28 4401 2772 5.21

The mean levels of NlHand NQ, were highest at Kapkasobei amounting to 30.55+25.11ug/L
and 1.24+0.37mg/L respectively (Table 11.) Teréaul the lowest NH(23.71+15.16ug/L) and

NOz (0.37+0.06mg/L). The mean DOC was highest at Teremi (1.82+0.23mg/L) and lowest at
Kapkasobei (1.45+0.22). No significant differeff@dOVA, p<0.05, n=54)was observed in the
mean levels of NHacross all the denstream sites unlike those of BIONO,;, and DOC

Kapkasobei had double level of N@compared to the rest of downstream sites.
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Table11 The mean values and standard deviation fog, NMiD;, NO, and DOC of water at the downstream sites

The mean levels of TP, SRP and TN differed significa(dMOVA, p<0.05, n=54)across the
downstream sites (Table 12.). TP was highest at Teremi (0.20+0.03mg/L) and lowest at
Kapkasobei (0.09+0.02mg/L) while TNas highest at Kapkasobei (2.20+0.49mg/L) and lowest

at Kibisi (1.29+0.62mg/L). The mean SRP ranged from 16.29ug/L at Kapkateny to
38.33+7.64ug/L at Kibingei.

Table12 The mean values and standard deviation for TP, SRP, and TN in water at the upstream sites

As illustrated on Table 13 he mean levels of N:P, C:N and C:P differed significantly (ANOVA,
p<0.05, n=54) across the downstream skegkasobei had the higsteN:P(147.1£94.9) andthe

lowestC:N (0.49t0.6).The mean C:P levels at Kapkateny were double those of other streams.

Table13 The mean values and standard deviation for N:P,a80dNC:P in water at the downstream sites
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