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ABSTRACT

The Ethighlands recsoifve ahingfal a moamtgi ng bet ween
HoweverandsO®dr @ hi s rai nwatraurnaimdl Isedsunbacerfho
resuilnimagi sture stress in cropi ehrosucThenprasasnm
soi l |l ayers commonly komfoiwlne aiss ham @ paafo stsh we K Irivapnw o
flowabbwr atronnmnécicafiseme |layeatsedr®0 to 60 cm b
and tewtatieec and airflow in the soil profile.

| this study, the main objectivevasto assess the potential impactroéchanical breaking oéstrictive
soil layerson surfaceunoff, soil loss, crop performance, and soil water content (infiltration r&tee
experimental plots of size 12m by 3@wereselected for this experiment, each ofrtheere divided ito
three subplots of size 4m by 30irhe subplots were randoméassigned wito tillage (zero tillage),
conventionaltilage (ox driven Mareshalow, up to a depth of 15cm) and deep rippingthad# soil
restrictivelayers (deepill, up to a depth of 60cnt)llage treatmentsThesame crop (maize) was planted,
the same amousibf fertilizer appliedthe same plant spaciagd the same managemerdgiice(weeding
by manually pulling and choppingpplied for all the subplots, repetitions and topographic locafidres.
performance of each tillage treatment was measured in teramafnts osurfacerunoff and soil loss,
soil moisturecontentand cop performancémaizeplant heightmaizeyield and biomass).

Thesoil physical anghemical properties of the five péowere found to be differeriburing the growing
season, the penetration resistance of the subplots treated with the three diffemsntements as
measured and analyzed, and the resshbwthat the cone index of the subplots treated with deep tillage
were significantly lesthan that of subplots with no tillage and conventional tillage treatments. There was
no significant differene in cone index between no till acdnventional tillage subplot#&lso the bulk
density from deep tillagerassignificantly less from the rest of the two treatments. The post treatment
steady state infiltration rate of the subplots treated with deapgdillvas found to be significantly higher

followed by conventional tillage artienno tillage.

Among the thredillage treatments, thevent runoffresponse of deep tillageas significantly less,
followed by conventional tillage and nolaéije. Howeverthe event runoffdifference okerved between
conventional anao tillage treatmentsubplots werenot significantly differentEvent runoffbetween
upslope and downslope subplots was significantly different. Higlent runoffwas observed for
downslopesubplots than up slope subpldsil loss from thehree tillage treatmentsasnot significant

the deep tillagéhoughgaveless soil loss followed by conventional tillage and no tillage respectiviedy.

Vi



soil losswaslessby 42% for the deep tillageomparedd conventional tillage and &4 compared to the

no tillage, also the soil loss from the conventional tilleepuced by 1% compared to the no tillage.

Deep tillage gava non statistically significant 1& moremaizeyield than tle conventionatillage and

42% moremaizeyield than the no tillage. Also theaizeyield from the conventional tillageas21%

more than thafrom the no tillageThemaizeyield from the downslope subplots was significantly higher

than the upslope subplot®eep tillage gave a nostatistically significant 22% more biomass than the
conventional tillage and 46% more biomass than the no tillage. Also the biomass from the conventional
tillage was 31% mor¢han thatfrom the no tillage.The biomass from the downslope sudiplwas
significantly higher than the upslope subpldtke increase imaizeyield and dry biomass for the deep
tillage is attributed to the increase in water content and reduction of the cone index, so the plants were
able to take water and nutrientsrfraleeper portions of the soil horizon below the plow depth of the

conventional tillage.

Key words: Restrictive soil layergzvent runoff Sediment, Tillage
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1. INTRODUCTION

1.1. Background and justification

The Ethiopian highlands represent one of the maxluctive parts of the country, but have suffered from
extensive resaue degradation (Hurni, 1996turni, 1993 Nyssen et al., 2007; Tewodros et al., 2009,
Melesse et al., 2012)and degradation in the form of soil erosion and declining soil qualayserious
challenge to agricultural productivity and economic growth in these highlands (Mulugeta et al., 2005).
The northwestern highlands of the country suffer from such extreme land degradation due to repeatec
crossplowing of the steep lands (Gete, PQBezuayehu et al., 2002; Melesse et al., 200 .traditional

tillage adopted ithe northern highlant by using oxerdriven Maresha plow, which can till the soil up

to a depth of 15 cm. Before planting, tillage is conducted three to five timestatfifteen days interval,

the same deptlfor all crops planted.Repeated traditional tillage damages the soil structure through
excessive pulverization and increased rate of mineralization leading to reduction in soil organic matter
content and aggregaseability (Mwendera and Mohamet)97; Melesse et al., 2009hisresults in soil
compaction over the plowed layer, surface crust and plow pan formation that reduce infiltratezase

both soil erosion and loss of soil moisture (Lal, 1997).

Hard panalso known as plow pais a state of soil formation where sgéts compacted due to external
load and restrictingeration and water movement as well as plant root penetration resulting in poor top
soil quality, soil crusting and soil erosigRaper etal., 2001).Hardpans can form in two main ways:
firstly, if the soil is ploughed or hoed at the same depth season after season and secondly, if the soil i
clayey, hardpans can formatarally without any ploughingut by filling of the void spaces in theik

with fine particles of clayAs reported bylibebeu et al(2013, the formation of hardpan in the Ethiopian
soils is related tdahe infiltration of sediment ch water after the soils are tilled and the soil cover is
removed bylowing. Thehard pans limits deep percolation of rainfall and produces local saturation excess
runoff, resulting in sheet and rill erosion accelerating daapewater movement causing gully erosion

in the saturated valley bottoms. Furthermtre hard pan restrgtroot growth thus reducirige available

root zone for water uptake by plani$e location of the hardpan within the soil layer is highly rel&ted

the plant root penetration restriction zone. Root penetration decreases linearly with penetratinoggsista

with no roots penetrating into soil for penetration resistance of 30@nplsabovegDuiker, 2002).The



occurrence and the extent of hardpan withirstiiecan be detected indirectby (i) crop yields(ii) runoff

or infiltration rates(iii) ease for soil management and tilla@e), bulk density variability between similar
soil textures at differ soil depths, and directly (i) looking at the physical appearance of the plant root
growth pattern in the soi(ji) appearance of macrospotiashe soil layer, andii) direct measuremeén

using equipment like the sgenetrometer.



1.2. Statement of the Problem

The Ethiopian highlands receive a high ayoamt

Howe bd®rnd wmbdbr ¢ hi s rainwatremamdu b sousrtf aacse siunrfflaocw
(FADQO0O3) resulting in moisture stress in crop p
of restrictive soil | aydrhse ccommo mplry fk rreaval ssdrssnhe

mor e over lsaantdu rfaltorwomboye klc @ FBe e alreydrocated 10 t

the soil surface falnadwriesttrhet smowadtepg @advdl l&,lre Ime.\
dept h, t her elisy craepdaucciitnyg tpol aenxtt r act water and n
moi sture and nutrient reserves in the upper pro
resulting in reducedadf caoparytiied wlsar Thorsc arsrs uien |
soils have become er odedc hamdygredeigngdédonchuentoe:
pressur e, | eadi ng resaltingih rggtionnog e st r isot il.v gPorseavigd n tl
hardpafher hoglorme a&kx ingt i ng hardpans wi | | all ow pl a
zone, i ncrease watruno frrffeislutl nt @ thnigon narhd grheduovat e

green water). Thobghi baedpano b pnspiletsionand grauddwatee r t i
recharges, little information is known for the Ethiopian highlands. Due to the intensive agricultural
practices in the areathe selected study areRpbit-Bata is one of those areas subjected to hardpans; a
potential hardpan was identified using penetromefenerefore, in this study the main objective was
assessinthepotentialimpact ofmechanical breaking oéstrictivesoil layerson surfacerunoff, soil loss,

crop performance, and soil water content.



1.3. Research Question

Which method of ploughing/cultivating the labceaksor prohibits hard pan formation resulting in higher

crop productivity and inproved plant water availability?

1.4. Objective of the study

1.4.1. General objective
The general objective of this thesis reseasth evaluate th@otential impact of mechanichiteakingof

restrictivesoil layers inimproving crop productivity andub-surface recharge on agricultural land

1.4.2. Specificobjectives
V To quahempfaytt vari ous omehveaganpnadflil c d
from agricultural fields
V To evahasigne soi Iduneoitsot utrhee tthidwagheowtr
cropping season
V Taetse eftilerett ioff|l agecpobpcprodsctivity



2. LITRATURE REVIEW

2.1. Formations of hard pans and factors responsible for its

formation

A restrictive soil layefhard panis a stée of soil formation wherthe soilgets compacted due to external

load restricting aeration and water movement as well as plant root penetration resulting in poor top soil
quality, soil crusting and soil erosi¢Raper et al., 2001Yhe hardo an 6 s p er mewhbnithei t vy
soil is compactethe natural porosity is markedly reduced so it preveaterfrom infiltrating andfrom

draining off. Factors that are responsitite formationof restrictive soil layers includdield operations

carried out when the soil isawet, heavy equipmenteducing the number and extent of tillage operations
ploughing at the same depth season aasorfMohamed et al., 1997)ivestock traffic or over grazing

andrainfall-dropletimpaco n s o i (Hasmeraf actg .al ., 2005

2.2. Some of the solutions to soil compaction

Among t he msafjaocri npgr oniol deenmsoni | a geroi ncpual cttuihoern i(sHaoz e a
20DSol utisemadmpaptobhems as men#ti(@mddn cbldwe dHraenz ai n
the bulk density of t he i stoheel nfaijsarr eafefi dhagtc b me a
decreasing the porosity of the soil. Other soluwu
content of the soidt wgmcbkrtaeduogswabek aonhpahu:
against compabtatnbnoal | oosemigngors udcere past iddeapger,
compacted | ayers rbogvd otolsee nd migp hpotcees ii ovgp; ahnadv eu s i
deeper roots and are abl bethoebceakt ehbaecnumominp ®@d il k

traffic and reduced grazing, as both vehicle at

2.3. Merits and demerits of Tillage

Tillage refers to mechanical manipulations of soil to keep it loose for plant growth and free fros weed
during the growth of plant (FAO, 1993®roduction of all types of crops involves use of some type of
tillage system. The tillage system may be very simpigluing either digging or punching holes to sow

seed or it may be a complex system comprised of primary tillage and several secondary tillage operation:



with different machines and equipmeftllage operations and methods of land preparation vary from

place to place and even in the same place, depending on the climate and crops cultivated.

Some of he fundamental purposes of tillage inclugeeparing suitable seed bed for plgnowth (for

bette seed emergence and anchorageytroying competitive wesdand destruction opests (tillage
exposes pests to predators andalan bring weeds to the surfaegposing them repeated action of sun

and rain thereby killing themimproving the physical condition of sdiillage can loosen the soil thereby
redudng thebulk density and hence improvitige porosity anéhfiltration rate of the soil)soil and water
conservation(by loosening oimproving the infiltration rate, tillagenay reduce the surfacanoff and

hence reduces soil lossinprovement of soistructure soil permeadity, soil aeration root penetration

(due to loosening action, tillage can reduce the penetration resistance of the soil or cone index hence
making it easierfor plant roots to penetratbe soil) (SadeghZzadeh et al., 2091 and soil inversion

(tillage causes partial or complete inversion of the soil and mixingf crop residuswith the soil).

There are someighdvantages of tillag®o which include:modification of the soienvironment (tillage

can modify the soil physical and biological environment such as bringing soil biological organisms to the
surface thus exposing them to predators and hence redbeimymbers o$oil bidogical organisms);
repeated tillage operatioaspecially at the same depth season after season over longer panicdsise

plow pans at that depth; soil inversion due to tillaggey hasterthe oxidation of organic matter from the

soil ( hence reducing the ongia matter content of the soiljeary equipments used for tillagend to

break down the soil aggregates amlaav panmay formbelow the tilled layemeducing deep percolation

of water thus increasingunoff; tillage facilitatesspread colonies of soil born pests and parastesalso

loosening of soil due to tillage practices makes the soil more prone to be carried away by agents of erosion

2.4. Comparing effect of various tillage systems on soil properties

There are various types of tillage treatments adopted throughout the world, thist tinesis specific
emphasis is giveto a fewtillage types and their effects on soil physical and chemical propeftes.

tillage (or no till) is a method of crop production that involveslaed cultivationother than opening the

soil for the purpos of placing seed at the desired deptB3&, 1982). This tillage is an extreme form of
minimum tillage, in which primary tillage is completely avoided and secondary tillage is restricted to seed
planting inthe row zone only. This type of tillage is ret®al to where soils are subjected to wind and
water erosion, timing of tillage operation is too diffigalhd when time and labor requirensiat tillage

are too high(Sharma et al., 2008)n this type of tillage systen®0-100% of thesoil surface hasotbe
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covered.Doing so will conserve soil moisture and the soil will remain stalolehe no till system weed
control is accomplished by using herbicides, but the herlsi@dplied should not cause injury to the
crops.In addition weedcontrol can be done by manuyallling or chopping especially in developing
countries When the weed control is done by manugtlling or by choppingthe weed cannot be
completely removed as only the part of the wdeat isabove ground is removed thusetweed can
develop again in a short tim&he limitations of thigype of tillage system includétuge population of
weeds and build of pests, increase in soil density which causes reductidtratiorf rate and pore space.
Advantages fzero tillagesystems includdess soildisturbanceseduced cost of production such as saving
time in seed bed preparatidass use of diesel fuahd animal draught poweand improved utilization

of pastures.

Deep tillage is a practice thlareaks up soil, usualB0-45cm, to allow increased water movement, better
aeration and access to minerals and nutrients required for the growth of the plant. The saiitesn

tillage is to reduce soil compaction, break hard pan, reduce the soil bulk density and soil strength thereby
encouragingdeeper rootingf plants, and improvingoil infiltration rates, p | a adcedssto water and
minerak. While conventional tithge canbreak up the soil from 16m to 2 cm, in areaswith soil

compaction problenrthis tillage practice may not la@equateNlohamed eal., 1997).

2.4.1. Effect onbulk density angborosity
Tillage loosens the solil, thus changing particle to particle contact and porosity of the soil. Bulk density of
the soil is affected by tillage. A decrease in bulk density results in an inangas®sity. When the soll
is loosened, the soil volume inases without affecting the weight on the soil, hence the bulk density of
tilled soil is less than that of untilled sohange in porosity of the soil returnaffects the water and
heat transmission characteristics of the soil directlghange in porsity and particle to particle contact
affects all the physical state variables of sod (Gajri and Majumdar2002. Deep tillage system can
improve soil physical properties such as decreased bulk density; improve infiltattoand hydraulic
conductivity;increases soil moisture and yield under dry land production (Busscher et al.,260Q)y
conducted in western Iran to see the effect of tillage treatments and manure application to a coarse texture
soil on corn root length density andlgahysical properties showed that moldboard plow resutieg
higherroot length density, lower bulk density and cone index. illagé treatments compared wens
till (NT); chisel plow ( CR, up to a depth of 1&m,and moldboard plow(MR up to a épth of 30cm and
involving complete invision of soil and crop residu®&osaddeghi et 312009. Other studies suclas
SadegkZadeh et al.(2011) showedhat deep tillage reduces the soil bdéasity. Accordindo the report



by Burayuet al (2006 the bulk densities of ntllage at 015 cm and 15cm-30 cm were significantly

higher than that of the conventional tillage for both soil depths.

2.4.2. Effect onsoil cone indexand root length density
Soil compaction is determined by measuring its resistance with a penetrometer and the value obtained i
referred to as soil cone indeSincetillage operations loosen the soll, it facilitageroot penetration and
results in better anchoragedbettersal mineral and water exploitation by the plaktosaddeghi et al.,
(2009)showed that the cone indexmbldboard plowed soil was smaller than that of chisel @od no
till systems The same study shows that the plant root lengtid densitiesere higler for the moldboard
tillage. A studyby SadeghZadeh et al.(2011) showed thatleep tillage with mulch additiamadresulted

a lower cone index than other treatments.

2.4.3. Effect on soil moisture
Tillage affects the soil water status or moisture contentt@dapacity of the crop to utilize water from
the soil. Tilage alters the surface and sulface soil conditions that govern infiltration, evaporation of
water,runoff, weed growth, crop establishment and growth of the roots of thel@mogening of the soil

through tillage increases the porosity by decreasing the bulk density.

2.4.4. Effect on biological and chemical properties
Stirring of the soil and redistribution of residuat the surfaceor into the soi] influence the soaill
environment B modifying temperature, moisture, and aeration status of the soil. The effect of tillage on
chemical and biological properties of the soil depends on climate, quantity of residue produced, solil type,
soil management history, time of the year and timeesthe tillage system was initiatédllage affects
the physical and chemical soil environment by which diffecemt g a n i s thiss @ffedtingvhe soll

microbial and other biologicalctivities(Kladivko et al., 200

2.4.5. Effect oninfiltration rate,hydraulicconductivityand groundater recharge
Infiltration rate is the flux or volume of water entering the soil per unit area per unitTilage can
improve the infiltration rates of the soil by loosening or decreasing the bulk density or incrbasing

macro pores.

Scanlon et al(2008 reported thalow permeabilitysoils arewidespread in crop land areas globally, and
deep plowig could greatly increase groumdter recharge in such areas. According to the report if deep
plowing were applied to 10% of the Pullman soils, it could increase the regional volumetric recharge by
0.1km¥ha, and which is similar to thexistingvolumetric recharge of the regiofllso, the same report

showedthat deep tillage increased the yield by reducing water logging



2.4.6. Effect of tillageon runoff andsoil loss
Runoffis an impetant water balance component&in fed agricultureRunoff from a particular storm is
a function of the infiltration rate of the soil, surfasterage and rainfall intensiffpescheemaeker et al.
2006).As reported bysadeghzadeh et al.(2017) therunoff and soil losslecreased with increase in depth
of tillage. Also, the study showethatrunoff and soil loss were reduced by application of mulchirige
authors suggestithat the reduction irunoff and soil loss were due to the improvement of the infiltration

rates @the soils.

2.4.7. Effect of tillage on crop yieldnd biomass
Crop performance under different tillage treatments depends on site specific soil and climatic conditions
as well as management practices. Tillage affectsrveate air dynamics in the satmosphereystem,
which influences the growth and yield of cro@oarse textured soils which are characterized by low
water holding capacity and high permeability exhibit a sharp increase in soil strength when dugh
types of soils because tife low availability of water storage and high potential of leaching of mobile
nutrients,soil compaction would subject plarits water and nutrient stress therelayigng reduction in
crop yield. On suchtypes of soils deep tillage would minimizéhe water ad nutrient stress by
encouraging deeper rooting which would enhance uptake of water and nitaente lover profiles
of the soil horizon.

2.4.8. Effect of tillage orrunoff water quality and nutrient leaching
Contaminants leave fields in the form of both water and sediment portiomsodf (Danielet al., 200%.
The greater the wat lossfrom a field,the highe the loss of water borcontaminanténcluding nutrients,
pesticides and sedimerithe amount of nutrientunoff and leaching depends on the tillage practices.
According to the repoitby Daniel et al.(2009, phosphorus exisin one of the followng four forms in
moist soils: (j associatewith soil particles(ii) in mineral form as alumum, iron or calcium compounds;

(iii) soluble compounds dissolved in soil wat@r) incorporated in organic matter.

Generally,soluble phosphorus losses dmigher in no till treatments than tilled syste(@aniel et al.,
2009.



3. MATERIALS AND METHODDS

3.1. Study Area

This study was conduad at an experimental waterstealled RobitBata, which is located at the south
eastern edge of Lake Tana, Amhara Region, Bahirdar Zuria woreda;BddiKebeleadministration.

The watershed is located about 20km north of Bahirdar town, along the Bahirdar_Gonder asphalt road.
The watershed area is about 1034hhas asuli r opi c al (AWoi naDegaodo) cli
rainfall of 1500mm, temperature rangérom 11.6 to 271°C, and average sunshine hours of 8.0fiise

area is one oAgricultural Growth Program (AGPand Feed the Future Woredas in the regiime
livelihood system is based on both crop and livestock production. Crop production mairdgshoéueal

(mainly maize, teff, nilet, barley); fruits like mango and avocado, legumes like beans, high value
irrigated crop prodction like tomato, onionpotato, pepper and cabbage. Groundwater experience in
smallholder irrigationwith khat is reléively high. Motor pumps together with manual water lifting
devices, mainly bucket mounted pulley system are widely used in the kShallow groundwater, river
diversion and lake pumping are the main water sources used for irrigation. Land preparation and
management in the area is by using ox driven Maresha plow, which can till up to a deptimoBESore
planting, the tillage freagency ranges from three to five times depending on the type of crop sowed. This
repeated tillaggreatlycontributes to the formation of restrictive soil layers as the dominant soil type in

the area is clay. Since, for clay salsdwith repeated tillagdjne clay particles infiltrate and can fill soil

pores thus causing hardpan formations. Weed management ismdooelly bypulling, choppingusing

ox driven Maresap | ow bet ween plantds row, and sometbi mes
thenext plantingfree animal grazing is a common practice. Thus this free grazing of animals would also

contribute greatly for soil compaction.
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Figure 3.1 Location map of Robit and Yigashu watershed. Yigashu is the main river in the kebele.

3.2. Experimental design

3.2.1. Hardpan reasurement and plot selection
Beforethe start of the tillage experiments prefield study was performed to assess the presence of the
hard pan using a cone penetrometer. A soil penetromateists of a 30° steel cone at the end of a steel
shaft with a pressure gauge on the other end whiatsiegpounds per square inchip3he higher the
reading, the more the soil is compactBdper et al., 2001Puringthesummer 02014 24 hours aftea
heavyrainfall (i.e. when thesoil profile wasconsidered to bat field capacity, the penetration resistance
of various plots was measured to see the existence of restsiaililaeyers hardpans) using penetrometer.
The penetrometerod was driven in the soil at a rate of approximately 1 inch per se&bois. of
penetratio resistance greater th&@30psi (2 Mpa) were selected for the experimenheTlplot selection
also considered similar pletopes, topographigosition,soil depthand uniform presence of boulders and

rocks
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Table 3.1: Some of the plot characteristics considered for plot selection

Average Pre- Average
pre- treatment pre- Average
Plot | Topographic  Soil treatment IR treatment | Slope Elevation
code location depth | BD (g/cnd) | (mm/hr) PR (Psi) (%) (masl)
P1 Downslope | 0.6m 1.24 171 310 6 1850
P2 Downslope | >3.5m 1.32 80 288 9.4 1958
P3 Downslope | >3.5m 1.12 192 326 10 1873
P4 Upslope >3.5m 1.05 40 200 8.3 1871
P5 Upslope 0.8m 1.2 240 372 8 1976

3.2.2. Baseline surveyinfiltration testand bulk densityneasurements
To support the measured penetration resistances of the plots, baseline surveys and infiltration tests wer
conducted on various plots to conform to the existence of hardpans. The baseline survey questions aske
included for how long the farmer has been gdime plot for agriculture, if they use the plot for only
rainfed or irrigated agriculture too, how many cropping seasons do they have in a year, if they use the plot
for grazing, what method of ploughing/ cultivating they use, how often they ploughnitiébédore
cropping, and if they face any difficulty while ploughing the land. If so, what they think the problem might
be. If the farmers use any organic or inorganic fertilizers on the plot, if there were any reduction of yield
in the previous years. Ibswhy do they think it happened. Is it due to productivity ofsihi€? And how
goodist he productivity of their field compared to
conducted, the infiltration rates of the plots were also conductiedy single ring infiltrometer. The
infiltration rates were conducted by using a ring of 30 cm height and 30aneter The infitrometer
was driven up 15 cm fa the soil The sides of the infiltrometer wereept verticalwith a level Little
disturbane was ensured to the soil inside and outside of theAimgnitial amount of water was poured
into the ring and let to drain out. The ring was then filled with water and the depth measured and recorded.
The water depth was measured with a float and ex.r@ubsequent water depths inside the ring with
corresponding time lapses were recorded. The time interval varied from 1 minute to 10 minute depending
on the infiltration rate of the soil. When the depth of water in the ring was low, additional water was

poured into the ring antthe depth recorded. The process continued until a constant rate of infiltration was
12



obtained. The process of determination of pl ot

times in three different spots in egulot.

Undisturbed soil samples were taken from the plots at a depth of 20cm interval up to 1 m by using a core
samplerin a 1 m dug pit. The ring was drivertarthe soil with a small mallet (plastic hammand block

of wood. The ring was removed by cutting around the outside edge with a small, flat bladed knife. The
excess soil from the bottom of the ring was removed with the knife. The sample was placesgatehle

plastic bag and the bag was labelBlde sample including the bag was weighed and the weight recorded.
The weight of the empty bag and the ring was also measured and recorded. The sample was oven drie
for 24 hours at a temperatuse 1059°C. Then the weight of the dry soil sample with ringasered. The

dry weight of the soil sample was obtained by subtracting the dry sample plus core ring weight from the
wet sample plus ring weight. Finally, the bulk density was obtained by dividing the dry soil sample weight

by the volume of the core ring.

3.2.3. Experimental layout
This study was conducted using -Baparwakrtat athed a
eaphot was mf bynme.@ O@itf fl1e2r ent ti |l |l age treat ments w
t heir e f f eholding capacity,ewemtt renoff sediment transport and crop yield responses
evaluated. The experimental plots were classified based on topographic features and land use pattern:
They were three replications of the 1i2* 30 m plot at lower slope and tweplications of 12n * 30 m
plot at the upper slope. Each plot was divided into three subplots with dimensions of 4*30 m. The different
treatments within the subplots were no tillagenventionatillage (up to a depth of 1&m) and 60 cm
deep ripping ofhe impermeable layer.
The subplots was separatedr@d@catefiusing sheet metals oi®m thickness and 56m widthto protect
surface and subsurfacenoff and rurnon between the subplots and also from the surrounding area as

shown below in the figure.3. The metal sheetgere driven up to 35 cmtio the soil.
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Figure 3.2 Subplot demarcation

3.3. Plot preparation and performing tillage

After the final selection of the plots, the spibts were randomly assigned with the different tillage
treatmentsStarting fromMay 14 2015 subplots subjected to conventiotibhge were dugup to a depth
of 15 cm, using ox driven Maresha plowhree timeswith fifteen days intervalThe sub plots with
treatment of deefillage; the breaking of the restrictivamil layers was conducted by manualigging up

to a depth of 6@m using a mattockFor the no tillagereatment,only manually removing theveeds
(pulling by hand)during planing was conducted Finally after the plots were prepargdanting of the
seeds took placen June26, 2015.
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Figure 3.3: Conducting tillage operations: left, deep tillage by manual digging using a mattock and right,

conventional tillage by ox-driven Maresha plow.
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GPS coordinates dhe plots, slope of plots, size of experimeraata;soil samples fophysiochemical
propertiesanalysis werecollected. Infiltration rates of theubplotswere measuredusing single ring

infiltrometerbefore and after thidlage treatmers
Importantpoints about the experimental design are lidbetbw:

T Five exper,t went al tfhleotupps!l ope and thr eweerien t
selected
All the expweaedenmnx.aBO0Oml ot s
Hybrid maize sesthdwds hsbmveerd siom s@ Ihle eHearsttmel ri z
was applied ,twot tpilanenstioipniga s shiat asapPRe dw r at e
200 kgdmaysAafter planting bUREA waats a prpdtiee do
T The crop mymsagemerftr emovi ng weeds )by llstpdnoatas
were similar.

The plantdfng2Gplyxic,hy cm for mai ze was used f

15 Soi l moi so &l Paecrcoefsisl eerubpe st avledr e ld pif mtt e & ¢ A
treatmemeasure soil moi sture two times a we:¢
T Manual r aiinn sgtaaul glee divaastmeeaascuhr ep lroati nf al | r ecei

3.4. Installation of runoff barrels and access tubes

After planting runoff collectionbarrels were installedt the ouet of each subploffwo barrelswere
installed at the outlet of each subpBigure 3.4) One main barrel with diameter of 661 and height of

50 cm (140 literg which directly collectedunoff from a subplotthrougha PVCpipe. The main barrel

had10 outletswith 2.5cm diameter pipes. Wheavent runofiin the main barrel filled up to these outlets,

any more incomingunoff would flow out through those 10 outleEvent runofffrom one of the outlets
flowed into a second barrel of diameter 60 cm and height 40 cm (110 liters); implying that the second
barrel receives one tenth of the water from the main barhal.top of thebarrels was covered with

corrugated iron sheet roofs to prevent rairffalin falling into therunoff collectionbarrels(Figure 3.4)

One moisture access tube was installed at each subplot in the lower thirdsolfploés to measure the
soil moisturecontentgwo times a weekevery Monday and Aurdayup to a depth of one metexiso,

one manual rain gauge was installed at each plot to measofia! (Figure 3.4)
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Figure 3.4: Runoff barrels (left) and manual rain gauge (right) installed to collect surface runoff and daily

rainfall respectively

3.5. Data Collection and Methodology

3.5.1. Soil physi@hemical properties
The soil samples were collected from each fotoh 20cm depth up to a depth ohdby manually digging
a pitfor those plotsn which the parent rock wsalocated at a deptielow 1 m. For the plots where the
parent rock was shallowesoil samples were taken up 8 cm (depthup towhich deep tillage wa
conducted) Soil samples from each plot wereotbughly mixed and00-1000 gram othe composite
analyzedfor soil texture,electrical conductivity (EC), availablerganic matter(OM), and pHof saill
sample,cationexchange capacityCEC), total nitrogen (), plant availablgophosphorus (R potassium
(K) and iron statusSoil texture of the field was deterneithin the laboratory using thgdrometer method.
Electrometric method with the suspension of-saiter ratio of 1 to 2 5stirred for 30 minute was used to
deternine the pH of soilKjeldahl method was used to deténe total N.Plant available phosphorus was
obtained from extraction of acgbluble and adsorbed phosphorus with flueddataining solution
according Bray | test (acid soilelectrical conductivity hdge was used to determine the EC of the 60
min stired suspended soil (1%oil:waterratio). Available organic matter was determined by using
titration with ammonium sul phate. Raluticn.sGfion m w

exchange capacity was determined by using flame photometer method.

3.5.2. Rainfall
The 24 hour cumulativeainfall data during the experimental period was collected from the manual rain
gauges installed at each plot frdiy 1, 2015 to October 1,2015.

17



3.5.3. Event runoff

The totalevent runofffrom the different subplots was measured using theoff collection barrels
installed at the outlets of each subplblhe 24 hour cumulativevent runoffvas measured each day at
8:00an. The totalevent runoffdepth in the barrels (depth e¥ent runoffwater in cm) was measured
using ruler. The totavent runofidepth is the sum @vent runoffdepth in the main barrel plus ten times
the depth ofevent runoffin the overflow (secondparrel. This depth ofevent runoffin the barrels is
converted to corresponding depth in subplots by dividing the vobfreeent runoffin the barrels by
cross sectional area of the subpldise event runoffcoefficient which is the quotient of the totlent
runoff to the totarainfall was determined for each subdimt eachrunoff event.Therunoff coefficient is

a dimensionless coefficient relating the amountuoioff to the amount of precipitation received. It is a
larger value for areas with low infiltration and higlnoff. Also, the percenevent runoff(i.e. the
percentage of rainfall that turned indwent runoff for the various subplots and tillage treatments was

determined to see how much of the received rainfall was lost as sunfedé

3.5.4. Soil moisture changtroughout the soil profileSP)
The soil moisture profilenppbe (SMPP) measures soil moisture content at different depths within the soil
profile. It consists of a sealed polycarbonate rodn#bdiameter, with electronic sensors attached at fixed
intervds along its length. The tubes are specially constructedswiihtubes which maximize the
electromagnetic field into the surrounding soil. The probe is inserted into an access tube while taking a

reading.

The installation bsoil moisture pofiler access tube took place for eastlplot, treatment and topographic

position up to a depth of 1m.

Measurements were taken regularly from planting to harvest two times in a week, every Monday and
Thursday. The device records volumetric water content at the def0, 20, 30, 40, 60, and 1661.

3.5.5. Agronomic performance andaizeyield
The agronomic performance was collected from eatplot during thevariousgrowth stages.e. initial,
development, migtage, and final stag®&laize Plant heights weraneasured fronthe average of six
randomly selectechaizeplarts for subplot ofeach treatmeniMaize gants were selected based on their
relative growthtwo smaler maizeplants, two mediumrmaizeplants and two bigermaizeplants.Finally
at harvesthe total maizeyield from each sytiot was measuredn addition the totabry biomassat
harvestwasalsomeasuredAfter harvest the biomass was left for three weeks to dry before measuring.

The biomass was harvested at some heights above the surfagerageda 0 cm. During measuring: the
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biomass which was cut 10 cm above the surface and also the one remaining was uprooted and bot

measured.

3.5.6. Soil Loss

The soil loss from each treatment was measured by taking safmmie therunoff water. One ter of
runoff water samples were taken framnoff barrelsof subplottreatment aftestirring it well for at least
for one minuteThe frequency of taking samples was baseéwaent runoffoccurrencesSamples were
taken every timeunoff was collected in théarels. The water samples wetkenfiltered using filter
paper of sizd00umof known weight. The filter paper and the sediment trapped on itaveredried for
24 hoursat 105C. After oven dryingthe weight of sedimeratnd filter papewas measurednd the weight
of sediment determined he total sediment from thhanoff water equals the sedimerdncentrationd/l)

multiplied by the totatunoff water.

3.5.7. Water Quality
The quality of theunoff water sampleBom each subplot were analyzed kKgrP andN using Photometer

method.Samples were takesnceevery week for analysis.

3.5.8. Infiltration rate
The infiltration rate of the plots selected for the experiment was measured two times by using single ring
infiltrometer. First during plot selectiothe nfiltration rates of the plots &e measured to confirm with
the existence of restrictive soil layers. And agaifter harvestthe infiltration rate of the subplots was
measured usinthe same method to see the effect of the tillage treatments on ttratiofi ratesof the
sulplots.

3.5.9. Bulk density and penetration resistance
During plot selectionthe penetratiomesistance of the plots waseasured to see if theneere restrictive
soil layers Those plots which have an average penetration resistance of great2MPRan and which
satisfies other selection criteria were selected for the experiment. After the tillage treatererdpplied
at theplanting the penetrationesistances of theubplots wereneasured to see the effect of the different
tillage treatmerg on the penetration resistangé.the measurements were taken 24 hour after an intensive

rainfall had occurredyhenthe sulplots wereassumedt field capacity.

Also, the bulk eknsity of the plots was measured two timEge first time was beforthe tillagetreatments
were applied to the subplotsylk density measurements were conducted at different soil depths up to 1m
at 20cm intervas. Undisturbed samples were takenusyng core samplers ranging in diameter from 4.5

cm up to 5cm and height ranging fromdém to 9cm. The second bulk density measurement was done
19



after harvest. Blk density measurements were conducted to see the effect of the tillage treatments on the
bulk density ofthe soil. Samples were taken framach subplotUndisturbedsoil samples up to a depth of

60 cm at 20cm interval by using core samplers of diamé&t@3cm (2inch) and height m.

3.6. Data analysis

At the end of cropping season, the collected data sueveas runoff soil loss (sediment), crop yield and
biomass was checked by @ plot for normalitytest (Appendix J)Those data whiclwere not normal
weretransformed ito log normal ly using Log (déa+1). Forthose data whickverenormal a one way
analysis of variance (ANOVA) using the least significant differences (LSD) test at the 5% probability
level (p<005) was performetbr the original dataFor those data whickerenormal after transformatn,

one way analysis of variance (ANOVA) using the least significant differences (LSD) test at the 5%
probability level (p<@5) was performed for the transformed d#&iar those data whictverenot normal

even after transformatio@ norparametric tesKruskal Wallis test wasused. All statisticalanalyses
performedin this study were done using SPSS 16.0 version software.
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contents of plots P1 and R&s due to the use of organic amendments in those plots beforelibatipp

of the tillage treatments as obtained from the baseline survey information.

Table 4.1: Soil physio-chemical properties of all plots.

Plant CEC Ec

Plot | Topographi OM | TN | available Fe (cmol+)/ K (ds/m

code | location Soil texture| pH | (%) | (%) | P (ppm)| (ppm) kg) (ppm) )
M D |

P1 Downslope| heavy clay | 5.51 0.06 2.67 18.32 25.13 8.95 | 0.05
n oy

P2 Downslope| heavy clay | 4.98 0.03 3.48 4.24 19.88 6.92 | 0.02
n e

P3 Downslope| heavy clay | 5.44 0.03 4.88 7.77 17.72 7.46 | 0.04

sandy clay

n oy

P4 Upslope loam 4.98 0.04 54 11.73 39.73 8.33 | 0.02
M @ ¢

P5 Upslope heavy clay | 5.34 0.08| 16.15 17.24 17.1 16.78 | 0.04
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Averag
n o
e 5.25 0.05 6.52 11.86 23.91 9.69 | 0.03
StDev 0.25 nel 0.02| 5.49 6.03 9.39 4.04 | 0.01
Table 4.2: Soil chemical properties across plots and up to 1 m soil profile
LJI 9/ Y /191 h a ¢b t CcS
tf20a
t m pdPpm nodhp y Pthp Hp PlM@D M PM P N Ph 6| Hedt My d@o
t H neodgyl 0.02 6.90 | 19.88 6| n®pn 0.03F 3.48 4.2%5%
t o 5.44 0.04 744 0| 17.7% nodcp nodno| 4.88 7.770
tn 498% O nodnH 833F 6| 39.7D noéyn ndnn 540 11.73 o
t p 534 O nonn 1670 | 17.10 M®dcp 008 | 16.1% | 17.24
{2Af ¢
nmen OY nddpt| ndnp PPHY HHPp| MmOd®mn ndnp ndnn mpdn
Hmn OY pdon ndno ydyd Hodm nddmM ndnp ¢cdPvM Mmmdd
nmecn OY pdod ndno pdnn mpdPol ndTM ndnn ndto mndp
ciyn OY p®on nodno ydtTo HMPH| ndyo ndnn nPHT| mMnaPH
ymnn O podnn ndnol T dhpc] mT Pc| ndpp| nPno/516 | |804 |

* Means that share a letter down a columnnaresignificantly different at a probability level of 5%.

4.2.

Infiltration rate

There were significantdifferences in infiltration rates of the plots before application of the tillage

treatments. Before application of the tillage treatmehésinfiltration rate of plot P5 was higher followed

by plots P3 and P1. The lowest infiltration rate observed was for plot P4. The difeeirenddtration

rates of the plotsweremainly because of the difference in the soil properties. On averagdilination

rates of the plots located in thewehslope was slightly highehan that of the upslope plotsafile 4.3.
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But the average infiltration values does not represent the actual infiltration rates of the two portions of the
watershed, as only the were two upslope plots and the infiltration rate of plot P4 was very small
compared to plot PS.herewas a significandifference in the infiltration rates of the plots due to the three
different tillage treatments (p=0.01ZAppendix K). The infiltration rate of the deep tillagsubplots
significantly improved due to the breakage of the restricrdayeror loosening of the compacted layer
(more pores createdlror the two topographic locatiorend after treatment applications, the average
infilt ration ratefor the downslope subplots was again higher than that of the upslope subplots. Due to
breakage of the restrictive soil layer in the deep tillage subplots, the infiltration rates for the downslope
subplots improved from an average of 148 to about 172 mmia.iffiltration rate of the upslope
subplots only improved slightly after treatments were applied; average before was 140 mm/hr to an
average of 141 mm/fafter treatments were appliethe irfiltration data sheet for the various plots and
treatments is provided in appendix B.

Table 4.3: Pre- and post-treatment infiltration rate

Plot IR Before tillage IR after harvest
code| application (mm/hr) (mm/hr)
DT 240
CT 210
P1 171 NT 120
DT 270
CT 120
P2 80 NT 108
DT 240
CT 60
P3 192 NT 180
DT 150
CT 120
P4 40 NT 60
DT 216
CT 180
P5 240 NT 120
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Figure 4.1: Post treatment mean steady state infiltration rate
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Figure 4.2: Post treatment mean steady state infiltration rates across topographic locations

4.3. Bulk density and penetration resistance

The pretreatment bulk densitiesf the plots at differensoil depths vere not statstically significant
(p=0.087). There were 1.21, 1.14, and 1.14 §/an®-20, 2040 and 4660 cm depths respectively. Pre
treatment bulk densities weln@ghest for plot P2t 1.32 g/crhiand lowest for P3 at 1.03 g/énf\gain the
difference in bulk density was due to the differenicethe soil propertiesOn average fotopographic
locations, the upper slope plots had lower bulk densities (1.11%)gtmmpared to 1.2 g/chof the

downslope plots.
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The bulk density of the splots after harvest were not significantly different for the various soil depths
(p=0.789). Thergvere 1.37, 1.36, and 1.40 g/¢at depths €0, 2640, and 4650 cm respectively. Bulk
density differences across tillage treatments after harvest were significantly diffpren001),
(Appendix K) The bulk density of the subplotseated with deep tdige was significantly smalker
compared to those sub plots treated with both conventional and (kogiille 4.3). his wasbecause the
compactedsoil layers have been broken during tillagethe soil becomes looser due to tillagelk
densities at harvest among plots weignificantly different (p=0.001 Plot P1 had the highest bulk
density of 1.47 g/cfy and plot P4 had the lowest average bulk density of 1.18gldra bulk densities

of the plots located upslope were less ttimse plots located downsloffeégure 4.4.

Table 4.4: Bulk density before and after tillage treatment

BD Before tillage BD after harvest
Plot code | application (g/crm) (g/cn?)
DT 1.31
CT 15
P1 1.24 NT 1.6
DT 1.25
CT 1.49
P2 1.32 NT 1.62
DT 1.2
CT 1.46
P3 1.12 NT 1.43
DT 1.03
CT 1.21
P4 1.05 NT 1.29
DT 1.17
CT 1.46
P5 1.2 NT 1.55
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Figure 4.3: Post treatment bulk density for the different tillage treatments
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Figure 4.4: Post treatment bulk density for the different topographic locations

The penetration resistance (cone index) of the sub plots after the tillage treatreentsppliedvas
significantly different (p<0.001). The penetration resistance of the subplots treated with deepvéilage
significantly smallercompared to those subplots treated with both conventional and (fdilre 4.5).

This was because the compacted layers were broken during tillage which makes the penetration by crop
roots easier. The penetration resistance of the plots located upsispless than those plots located

downslopgFigure 4.6.
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Table 4.5: Cone index before and after tillage treatment

Plot Cone index Before | Cone index after harvest
code | tillage application (Psi) (Psi)
DT 124
CT 226
P1 310 NT 306
DT 118
CT 282
P2 288 NT 334
DT 104
CT 227
P3 326 NT 287
DT 46
CT 148
P4 200 NT 229
DT 112
CT 287
P5 372 NT 326

Post treatment penetration resistance
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Figure 4.5: post treatment penetration resistance for the different tillage treatments
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Figure 4.6: post treatment penetration resistance for the two topographic locations

4.4. Rainfall

The amount of rainfall received during the styayiod (1st July 208" November 2015), at each plot

were different Among the five plotsthe highest rainfall amount received was for plot P1 (1200mm),
located at the downslope near the outlet of the watershed. And the lowest rainfall amount received was
for plot P3 (877mm), located at the down slope but upstream of both plots P1 and B Eoo
topographic locations higher averagamount of rainfall was received at the upslope of the watershed
than the downslope.

Total rainfall recieved for the different plots
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Figure 4.7: Total rainfall received for the different plots
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4.5. Soil moisture

The soilvolumetricmoisturecontentat differentsoil depttsfor the different tillage treatments are plotted

with the date of recordingnd corresponding rainfglAppendix E) The results show that those subplots
treated with deep tillage hateghersoil water content as compared to dobptreated with conventional
andnotillage (Table 4.6 and Figure 4.80his is because in the deep tillage restrictivesoil layers were

broken so that the infiltration rates of the soil were improved, hence more raiagable to infiltrae

into the groundThe soil moisture data for the differgibtsand treatments at the various depths is given

in AppendixD and additional graphs (plaif soil moisture content versuscording datéswith the
corresponding rainfall data are givenappendixE. Between the two topographic locations, the saill
moisture for the downslope subplots was higher than that of the upslope subpétsoil moisture
content in deep tillage subplot of P1 was significantly higher than all the rest since the bedrock was
shallower in plot 1 than any other plot; it caused the higher water content measured as the water is
restricted on how deep it can flow due to the shallow bed rock.

Table 4.6: Average soil moisture content throughout the growing season for the three tillage treatments at

various soil depths

Soil depth (cm)

10 20 30 40 60 100
Plot | Tillage
code | treatment | Average soil moisture content ( % volume)
P1 DT 21.04 16.03 33.5/ - 50.81 -
P2 DT 27.13 12.93 15.5/ 9.67 15.83 16.99
P3 DT 27.8 18.86 16.79 14.48 7.77 16.48
P4 DT 34.41 12.5% 11.2 11.% 7.71 18.83
P5 DT 3290 13.£ 10.76 7.56 1030 -
Average 2850 14.76 17.58 10.83 1850 17.43
P1 CT 13.50 9.62 3.40 - 19.42 -
P2 CT 18.25 14.9 11.% 6.62 14.12 1420
P3 CT 18.10 16.43 12.10 9.70 8.80 15.43
P4 CT 31.04 18.78 7.05 9.13 8.50 14.65
P5 CT 2250 12.15 10.78 9.56 9.72 -
Average 20.67 14340 | 9.05 8.75 12.11 14.75
P1 NT 20.62 1790 15.02 - 15.57 -
P2 NT 20.24 13.4 9.60 17.10 11.71 11.52
P3 NT 11.943 6.92 10.4 11.4 8.24 13.01
P4 NT 22.59 9.00 14.84 9.70 10.36 12.07
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P5 | NT 18.57 13.2 10.41 11.% 8.26 -
Average 18.80 12.27 12.02 12.3% 10.83 12.20
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Figure 4.8: Average soil moisture content values for the different plots and tillage treatments
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Figure 4.9: Average soil moisture content for the two topographic locations



4.6. Event runoff

Summary of allevent runoffresultsfor all the subplots is presented imle4.7. The data setvasnot
normally distributed avadancg@sfAppandixl).Bvanafierdrangforrhatian,o g e n
the data set was neither normally distributed nor did it have equal variances. Hengea@meiric

KruskalWallis testwasused for the analysis.

Table 4.7: Summary of event runoff results

Totalevent runoff
Plot code Tillage treatment (mm)

P1 DT 0.12
P2 DT 46.82
P3 DT 65.27
P4 DT 36.64
P5 DT 33.03

Average 36.38
P1 CT 1.04
P2 CT 207.35
P3 CT 99.76
P4 CT 54.45
P5 CT 64.98

Average 85.%
P1 NT 1.7
P2 NT 229.14
P3 NT 93.23
P4 NT 101.27
P5 NT 32.42

Average 91.55
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4.6.1. Differences between thbree treatments
The KruskalWallis testwasappliedto see if there is a significant difference between the three different
tillage treatments for all plotsLhe result shows that thenas a significandifference (p=0.005) ievent

runoff betweerdeeptill, and the other treatments ainventional till and no till.

Table 4.8: p-values from post hoc analysis for comparison of event runoff among tillage treatments

Tillage treatments | Sample size(N Event ruroff (P Value)
compared
DT vs. CT 300 .002
CT va\T 300 .703
DT vs. NT 300 .009

From theMann Whitneytest,event runofffrom deeptillage subplots waasignificantlylower than that

from both conventional and no tilThere was no significawlifferencein event runoffrom conventional

and no tillsulplots. The event runofffrom the deep tillage signdantly reducedecause the infiltrated
water had room to move further down in the soil profile as in the changes in the soil moisture in the soll

profile above(Figure 4.8)

4.6.2. Difference betweetopographic locations for the same tilladgeatment
For the same tillage treatment, thevas no significandifference inevent runoffbetween the two
topographic locationgupslope and dowslope), i.e the tillaget r e at me rbehave difi@rendlyt
between positiongTable 4.10. Overall, across the two topographic locations, the amouwsesit runoff
observed in the downslope subplots was significantly higher than observed in the upslope subplots
(p=0.022). This is because in the upper slopes, once rainfall infiltrates into the solil, it flows laterally under
the soil surface to lower slope areas creating more room for more water to infiltrate, tewstesanoff
is produced. On top of the raaif that falls on the downslope subplots, they also receive interflow from
the upper slopes making their moisture content levels high. As a residequent rainfallurns to
saturation excess overland flow in the downslope subplots when there is ndoroormare water to

infiltrate in to the soil.
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Table 4.9: Summary of event runoff results for the two topographic locations

Tillage
Topographic location treatment Totalevent runoff(mm)

DT 112.21

CT 308.15

Downslope NT 324.07
Average 248.14

DT 69.67

CT 119.43

Upslope NT 133.69
Average 107.59

Table 4.10: p-values for comparison of effect of location

Tillage treatments compared Sample size(l Run off (P V
DT down slope vs. DT up slope 180 .077
CT down slope vs CT up slope 180 .350
NT down slope vs. NT up slope 180 .250

4.6.3. Difference inevent runofffor each plots
The tillage treatments ga variableevent runoffdepths in the variouglots (Figure4.10). The easons
are explained as followsoff plot P1,there is a big-icus vastatree near the plot, whicls assumed to
extract from the solil significant amountsvediter.For thisplot (P1), event runoffwas received from only
four rainfall events inhenotill and conventional tillagsubplotsandfrom onlyone rainfall evenfor the
deep tillagesubplotthroughout the cropping seasdrhis alsolimited the magnitude of the impacif the
different treatmenten event runoffin this plot.This plot also had the lowest slope of 6%, which can also

be the reason for the reduction of the surfacmff.

For plotP2,the three differentillage treatments gavsignificantly differentevent runoffresponseln
Figure4.10it can be seen thatifthis plot,the deep tillage gives significantly lessent runoftompared
to both conventional and no tillageibplots. And even thoughe conventional tillageubplot gavdess

event runoffthan the no tillagsubplot,the difference irevent runoffresponsevasnot significant. This
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is because for the deep tillage, the restrictioi layerswere broken thekg/ reducing the bulk density

and ncreasing the infiltration rateoFthe conventional tillageubplot the restrictivesoil layers were not

completely brokenPlot P2 gave the highesvent runofffor conventional tillage and no till subplots

because those

subplotsdéd penetration

for those two treatments in the other pl@tkso this plot had the highest slope.

resi

stance

For plotP3,the deep tillage subplot gave the leastnt runoff No till treatments gave lowewvent runoff

than that from conventional tillage becausedhieplot randomly selected for the conventional tillage

some portion of it usedsa path for cattlebefore the study. éhce due to animataffic, the soilwas

muchmorecompacted which results a higreaent runofthanthe no tillage.

For plotP4,theevent runofresponse frorthe differentillage treatmeng wassignificantly differentwith

the deep tillage subplot giving the leastnt runoff followed by conventional tillage and lastly, the no

tillage subplot giving mostvent runoffasexpected Figure4.10).

For plotP5,the event runoffresponses arenot significantly differentacross the tillage treatmentst

this plot the event runoffirom the no tillage was relatively less thimat forconventional and the deep

tillage although the post treatment infiltratioate of the no tilsubplotwas lesghan both conventional

till and deep tillsubplot. Also the no tillage subplot hagjher bulk density and penetration resistance as

well as less soil moistutban the conventional tillage and deep tillage subplots as shgwres4.8. The

reason for the lessvent runofffrom the no till subplot is not clear.

250
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Figure 4.10: Event runoff values for the different plots and tillage treatments
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Table 4.11: Comparison of effect tillage on event runoff all plots

Plot All three treatments DTcCT DTNT CENT
1 .337 163 .165 .981
2 .007 .014 .003 .850
3 124 .043 .282 319
4 .046 .078 .020 .357
5 715 .565 .827 430

4.6.4. Event runoffCoefficient and percemvent runoff
The event runoffcoefficient which is thequotientof the totaleventrunoff to the totalrainfall for the
various tillage treatments & shown in the tabke 14. Also,the percenevent runoff(i.e. the percentage
of rainfall that turned int@vent runoff for the varioussulplotsand tillage treatmenis shown isshown
in the table4.12 and 4.14Results show thathe no tillage treatment produced the nea&nt runoff 10%
of the received rainfall followed by conventional tillage which produced 9.1% of the received rainfall.
The deep tillage produced the leasgent runoff, 3.9% of the received rainfalkmong the two topographic
locations, higher event runoffwas observedrom the down slopesubplots 9.2% of the total rainfall
received while in the upslomibplotsthe event runoffproduced was 5.2% of the total rainfall received
(Table4.13.

Table 4.12: Event runoff coefficient and percent event runoff for the various tillage treatments

Tillage Average percengvent
treatment runoff (%)
DT 3.9
CT 9.1
NT 9.9

Table 4.13: Average percentage event runoff values for the two topographic locations

Topographic Average Percergvent

location Tillage treatment runoff (%)
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DT 4.21

CT 11.46

Downslope NT 12.03
Average 9.2

DT 3.32

CT 5.64

Upslope NT 6.62
Average 52

Table 4.14: Event runoff coefficient and percent event runoff for the various plots

Total Tillage Totalevent Event runoff Percentevent
Plot Codel RF(mm) | Treatment RO(mm) coefficient runoff
DT 0.12 1E04 0.01
CT 1.04 9E04 0.09
P1 1200.9 NT 1.7 0.001 0.14
Average 0.95 8E04 0.08
DT 46.8 0.05 5.18
CT 2074 0.23 22.9
P2 904.5 NT 229.1 0.25 25.3
Average 161.1 0.2 17.8
DT 65.27 0.07 7.44
CT 998 0.12 114
P3 877.1 NT 93.2 0.11 10.6
Average 86.1 0.1 9.81
DT 36.6 0.04 3.8
CT 545 0.06 5.6
P4 972.45 NT 1013 0.11 104
Average 64.1 0.07 6.59
DT 33.0 0.03 2.89
CT 65 0.06 5.68
P5 1143.24 NT 324 0.03 2.84
Average 435 0.4 3.8
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4.7. Soil loss or sediment

4.7.1. Sediment due to tillaggeatment@and topographic position
The datasevas not nor mal and didnodét satisfy the ass
data was transformed by using the transformation function Log (data + 1). After transformation the data
was normal andlso satisfied thassumption of homogeneity of varianceao-way analysi®f variances
was useadn the transformed data.

Therewas no significan interaction between tillage treatments and topographic location for sediment
from the subplots (3824, appendixN. Thisimpliesthat thetillage treatmentsind topographic positien

hadno combined effect on soil loss.

4.7.2. Effect of tillage on sediment
Therewas no significan differenceamongthe three differentillage treatmentqp=0.36) in sediment
Eventhough statisticallynonsignificant the soil losswas 42% higher for conventional tillagevhen
compared to deep tillage, aBd% higher for no till when compared mwmpared tadeep tillage.The
reduction in soil loss for the deep tillag@sdue to the reduction in surfangnoff whichwasresponsible

for thedetachment and transport of the gtticles
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Figure 4.11: Sediment losses for the three different tillage treatments
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4.7.3. Effect of location on sediment
The difference in thesoil loss betweerthe two topographic locationsas not statistically significant
(p=0.874) Even though statistically not significarihe soil losgrom the upslope subplots was relatively
lower than that from dovstopesubplots. This wasdue totheless surfaceunoff for thesulplots located

upslope

Soil loss for the two topographic locations
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Figure 4.12: Average sediment losses for the two topographic locations

4.7.4. Sediment ield differences in plots
The average sediment yield from the different plots, for the ttifage treatments is as showrelow
(Figure4.13). Therewas a significantlifference in theail loss between the five plotdlso plotsP1and
P5 weresignificantly different from thestherthree plots Therewas no significandifference between
plots P2, P3 and P4The soil loss from plotBland P5 wassignificantly less than the rest of the three
plots; this wasbecaus theevent runofffrom those plots walewer due to thereasonsxplained above.

Plot P2 had the highest soil loss because it also gave thestegbat runoffas seen in Figure 4.10
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Soil loss from the five plots
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Figure 4.13: Total soil loss for the different plots (all treatments)

4.8. Runoff water quality

The runoff water quality was tested in terms of potassium, phosphorus and nitrogen. The data set
normally distributedand satisfiedhissumption of equity of variance Hencetwo-way analysis of variance

was usedo testdifferences in water quality

Among the three tillage treatments the concentration of potassiumamgherunofffrom the deep tillage
treatment sulpts was significantly less than that of the conventional and no tillage treasuigpiots
(p=0.034), Apendix OBut thedifferences in phosphorus and nitrogen concentrations between the tillage
treatments were not significant, withvplues of 0.585 an@l.222respectivelyEven if statistically not
significant the concentrations of both phosphorus and nitrogen Wwigfeer for the no tillagéreatment
subplotgfollowed by the conventional tillageeatment subplot§ he higher concentration of nutrient loss

from the no tillage treatment subplots was due to the fact that, as the fertilizer were placed near the surfac
it was exposed tbe transportefly therunoff water.
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Figure 4.14: Average concentration of potassium for the three tillage treatments
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Figure 4.15: Average concentration of phosphorus for the three tillage treatments
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Figure 4.16: Average concentration of nitrogen for the three tillage treatments

4.9. Agronomic Performance

4.9.1. Plant leightof maize
The height of maize at various days after planting (DAP) was measured and shown in.Tallae

tillage treatmentsignificantly influencedlant heights in the variowmibplotsasseen inTable4.16 A
more detailed statistical analysis can be seen in Appéhdix

Table 4.15: p-values at various development stages the three tillage treatments

Development Stage DAP p-value
Initial 30 0.001
Development 73 0.092
Mid 120 0.007
Late 150 0.000
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Table 4.16: Average maize plant height for the three tillage treatments at various stages

Tillage treatment

Deep Tithge | Conventional Tilge No Tilage

Plant
Day After Planting | height(an) Plant height(m) Plant height(m)

30 35.37a 38.47b 36.97b
73 73.07a 76.87a 64.17 a
120 175.3a 172.5a 164.03b
150 258.5a 251.58a 22533 0

* Means across a row withe same letter are not statistically different at 5% confidence level
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Figure 4.17: Day after planting versus maize height for the various treatments

4.9.2. Grain yeld of maize

4.9.2.1. Combined effect of tillage and topographic posittarmaizegrainyield
The data set was normal and the assumption of homogeneity of variances was satisfiedtenes a
analysis of variances was usedsee if theravas a combinedffect oftillage treatment and topographic
location of the sulplots on maize grain yield. From the analysishe interaction between tillage and
topographic locatiorwas not significant £=0849), i.e therewas no combined effect of tillage and
topographic location omaizegrainyield.
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4.9.2.2. Effect of tillage ongrainyield of maize
There was no significardifference inmaizegrain yield amonghe three differentillage treatments
(p=0.52). Even thougtthe difference irmaizegrainyield due to the three different tillage treatments
wasnot statistically ginificant, the deep tillage gaeehighemaizegrainyield: 17.74% greater thafor
conventional tillage andi2.44% greater thafor no tillage. Alsgthe conventional tillage ga% greater
maizegrainyield than the no tillagegeatmentThe increase imaizegrainyield for the deep tillagaas
duethe restrictivesoil layers havindbeen brokerandthe plantsbeingable to tak water and nutrients
from a bigger portion of the soil profiléfhe ease for root penetration can be seen fronother soll
penetration resistan¢eone indexyalues of the deep tillage subplots compared to conventional tillage or
no tillage subplotsAlso, the availability of more water for the deep tillag@as due to the improved
infiltration rate of the soil due to the breakage of the restristidayers and the reduction in bulk density
of the soil. The improvement of soil water availability for the deep tillage can be seen from the soil
moisture resultshown in thelTable 4.6andFigure4.8. The full maizegrainyield results are provideih

appendix G.

Maize Yield Difference by Treatment
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Figure 4.18: Mean maize grain yield in (kg/ha) from all plots for the three tillage treatments
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Figure 4.19: leaf plot of maize grain yield for the three tillage treatments

4.9.2.3. Effectof topographidocation onmaizegrainyield
There was significant difference between upslope and dslapesulplots (p<0.001). Thisis due to the
differences in climatic conditionsat the uglope plots at two different occasions there weneavyrain
with hailstonesso the plants were stronglgmagedy the hailstones.

Maize yield difference due to topographic location
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Figure 4.20: Average maize grain yield for all treatments, different topographic locations
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Figure 4.21: Grain yield difference due to topographic locations

Maize gain yield differencedbetweerplots

competes for the water and nutrients

Maize yield difference in the different plots
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Figure 4.22: Average maize grain yield for the various plots

There wasa statistically significant difference maizegrainyield between the five experimental plots
(p<0.001)As can be seen frorigure4.22 the high variability inmaizegrainyield at the various plots
is largely attributed to the topographic locations of the plots as explained ahuthe deviation of plot
P1 from plotsP2 and P3ocateddownslopes soil depth being shallower in plot Rian in plots P2 and
P3. The deph of the soil at ploP1 is less,.e. there is a parent rock at a degtghtly greatethan 60 cm
There isalsoa largeFicus vastatree at plotP1 hindering the growth and production of ttr@psas it
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4.9.3. Biomass

4.9.3.1. Combined effect ofillage andtopographidocation on biomass
The data set was normal and the assumption of homogeneity of variances was satisfiedtwenes a

analysis of variances was used.

The interaction between tillageeatmentsand topographic locatieon biomasswas not statistically
significant (P=0.930)AppendixR.

4.9.3.2. Effect of tillage on bbmass

The differencan biomass between the three differéifiage treatmentsvas statistically not significant
(p=0.19. However,the deep tillagsubplots gae a highebiomass22% greater than the conventional
tillage subplotsand46% greatethan the ndillage subplotsAlso conventional tillage gav&l% greater
biomasghan theno tillagetreatment The increase ibiomasdor the deep tillagéreatmenis due to the
restrictivesoil layershavingbeen brokerand the plants werable to take water and nutrients fran
biggerportion of the soiprofile. Thedeep tillage subplsthad less soil penetration resistardso the
availability of more water for the deep tillagasdue to the improved infiltration rate of the soil due to
the breakage of the restrictigeil layers and the reduction in bulk density of the soil. Theravgment

of soil water availability for the deep tillage can be seen from the soil morgtsmés(Table 4.6and

Figure 48). The full biomass data sheet is provided in appendix G.

Difference in biomass due to tillage
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Figure 4.23: Average biomass for the three different tillage treatments
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Figure 4.24: Difference in biomass for different tillage treatments

4.9.3.3. Effect of location orbiomass
There was statisticallysignificant difference between upslope and dslape suplots (p=0.005)The
analysis result is presentedAppendixN. The difference in biomass due to the topographic locations is

as explained imaizegrainyield section above.

Difference in biomass due to topographic location

9000

[0}
o
o
o

000

o

I—‘I\)OO%U'IO)\I
o O O O O
o O O O O

o

o

o

Average biomass (Kg/ha)

000

Down Slope Up Slope
Topographic Position

Figure 4.25: Average biomass for the two topographic locations
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Figure 4.26: Effect of topographic location on biomass

4.9.3.4. Biomasddifferences in plots
The variability of biomass in the various pletasstatstically significant (p=0.029)Thereasons for the
variation of biomass for the various plots similar to what wass explainedh portion 4.92.4 formaize
grain yield.
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Figure 4.27: Average biomass values for the different plots (all treatments)
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4.10. Discussion

Soil degradation is a major environmental problearidwide and there is strong evidence that soill
degradation has immediate impact or threat to biomass and econelugcas well as long term negative
effects to future crop yield. So it is absolutely necessary that soil degradation must be put under control
(Pagliai et al., 2004Repeated traditional tillage damages the soil structure through excessive pulverizatio
and increased rate of mineralization leading to reduction in soil organic matter content and aggregate
stability (Mwendera and Mohamed, 1997; Melesse et al., 2009)aBusesults in soil compactionnder

the ploweddepth causinglow pan formation that redusefiltration, increase soil erosion ameducing

ground water rechardgéal, 1997).

The averagerganic matter content tfie plots selected for this study was generally sm@lerragevalue

of 0.97%) thanthat was obtaied byEwnete2015averageralue of3.58%), Mulugeta 2015 (average value

of 5.2%)for the same watershed and that obtalime@orralNufiez, G., et a{2014)in Tigray regionwhich

ranged between 2.1% to 2.9% and after 20 years of recovery the soil organic matter contents ranged fron
2.6% to 5.66 which still was considered smallhe lower organic matter content for the subplots may be
due to the presence of hardpan, as thémelected fothis study were plots which showed signs of soll
compaction, but the plots for the previousiied authors: both Ewne{@015 andMulugeta(2015, was
selected without considering soil compactama selection criteridhe low organianatter content in the

plots was due to reduced inputs of organic amendments and effect of high frequency tillage, which enhance

soil organic matter decompositiggorralNufiez, G., et ak014).

Results of this study show thaemerally thehighestinfiltration rateswas measuredt theupslope than

those at the lower portionghich is consistent with the findings of Bayabil et al. (2010) and Tilahun et al.
(2015) Though, the average was lower for the upper portions. The average for the uppenmstiower

as only there were two plots and the tnition rate of plot P4 was smallhe lower infiltration at P4vas

not clear as this plot had the lowest bulk density and penetration residtaroé.runoffthereforewas

higher in the downslopsubplots than that from the upslope subplots due to higher soil moisture contents
in the lower subplots that limited infiltratiofhis is becausm the upslope areagubsurface lateral flow is
higher and the soil hardly saturated, tthere is room fomorewaterto infiltrate in to the soil(steenhuis

et al 2009) The downslope areas became saturated faster from rainfall and also subsurface flow from the
upper or hill slopegTilahun 2012, and thus will generate momnoff. The maximumevent runoff
coefficients observed for sfppesubplotswas 0.04 for deep tillag®,06 for conventional tillage and 0.1

for no tillage while for dowslope the maximumevent runoffcoefficient observed was 0.075 for deep
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tillage, 0.23 for conventional ltage and 0.25 for no tillag&Among the three tillage treatmentke event
runoff coefficientwasless for the deep tillage th&or both the conventional and no tillage treatmenitss

is consistent with the findings Inan (SadegkZadeh et al., 20)1

The deep tillage treatment significantly reduced the surfaceff compared to the no tillage and
conventional tillage treatmentBhereduction in surfaceunoff wasdue to the breaking up of the restrictive

soil layers, hence reducing the bulk density and improving the pores spaces so that more water were abls
to infiltrate and be storeth to thesoil profile (SadeghZzadeh et al., 20)1The concentration of nutrient

loss in therunoff water was lesser for thesep tillage treatment subplots followed by the conventional
tillage treatments. The nutrient loss concentration in the no till subplots was higher. The higher nutrient loss
in the no till subplots was because as the fertilizer was placed near the surtheenb till subplots it was

exposed tdoe transportetly therunoff water.

The soil loss or sediment concentration (géds lower for the upper portion of the watershed than
dowrslope of the watersheilhis isbecauseunoff which is mainly responsibler thetransport of the soil
particles other thamvind was less in the gbope than the dovafope. Studies that were conducted at
watershed@ale confirm the same findinGteenhui®t al. (2009)Bayabilet al. (2010) andilahun(2012.
Among thethreetillage treatmentghe soil loss from deep tillage treatmardslessthan that foboth the
conventional and no tillage treatmgngéven thoul not statistically significanfThe reduction in soil loss
for deep tillage treatmentasmainly due to the wuction in surfaceunoff due toimproved infiltration.
The trend of the soil loss wasnilar to the trend of thevent runoffamongtillage treatmentsThis result

is in agreement witkthe findings ofSadeghZadeh et al(2011).

The agronomic performance of the crdpmizeplantheight,maizegrainyield and bionass), were higher
for the downslope subplotsan theupslope subplots. Thisasdue to the difference in soil characgtics
climatic conditiors and difference irlevationsn the twopartsof the watershed his result is in agreement
with the findings ofSilva et al (2008) The difference in climatic conditions at the two portions of the
watershed can be explained agwo occasions durindgpé growing seasoin the upslope of the watershed
a heavystorm withhailstonesvas observed, which highiamagedhe crops thereby hindering or reducing
the crop development and productiviyso the difference imaizeyield due to elevation can be explained
as aswater tends to accumulate in lower landscape positions, and higher water availability leads to higher
yields (Silva et al2008).Among the hreetillage treatments, the deep tillage géetter crop performance
(maizegrainyield and biomass) than thers@nional and no tillage treatmenftShe improvementwas
mainly duethe breakingup of the restrictivesoil layers, hencemproved infiltrationrates (morewater

availability to plants), reduction in bulk density and penetraggistance (eager rootpenetration by crop
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rooty (Duiker, 2002) so that the crops were able to take more water and nutrient®ifyger portions of

the soil profile

The finding from this study generally support th@bthesis of Tebebeu et al. (201Breventing hardpans
to form or ameliorate existing hardpans will allow plants sotwt growmore deeply, increase water
infiltration and reduceunoff, all resulting in greater amounts of water availability for the cBa this

kind of study should be repeated in the diffeqgantt of the Ethiopian highland for fir conclusion.
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5. CONCLUSIONS AND RECOMMEMDATIONS

5.1. Conclusions

Among the three tillage treatments investigated in this study, deep tillage had better results than
conventional and no tillaggeatments by reducing surfacenoff, reducing soil lossand improving
productivity (increasingnaizegrainyield and biomassBy breaking the restrictiveoil layers (hardpans)
throughmechanical meansnanuallydigging) up to a depth of 60¢rthe event runoff from all the plots
wassignificantlyreduced Theevent runofffrom the deep tillage treatment subpleis significantly less
than that from conventional and no tillage treatment subpfdsn not statistically significantthe
conventional tillagereatment subplotgave a lesser surfacenoff than the no tillagéreatment subplots

The reduction in surfaceinoff in the deep tillagé&reatment waargely attributed to the loosening of the
compacted soil layers (or formati of more macro pores) by reducing the bulk density and hence
improved infiltration rateEven thoughstatistically not significary the deep tillage treatment subplots
gave a lessesoil losscomparedo conventional tillage ando tillagetreatment sulpts, followed by
conventional tillage treatment subplot$ie reduction in soil loss for the deep tillageatmentvasdue

to the reduction in surfagenoff, which is mainly responsible for the detachment and transport of the soil
particles. By breakingthe restrictivesoil layers through mechanical means, the bulk density and
penetration resistance of the soil were reduced significamiligh resulédin improved infiltration rate,
more soil water storage and reduesent runoff

Themaizegrain yieldand the total dry biomagsom the deep tillage treatment subplatsrehigher than

that from conventional and no tillage treatment subplots, followed by conventional tillage treatment
subplotsThe improve maize grairyield from the deep tilgetreatment subplotsasdue to the loosening

of the compactedsoil layers during tillage, which resultedreduction in bulkdensity, penetration
resistance and improved infiltration rate, so more wasre availablefor the crops andhe cropswvere

ale to take water and nutrients fraanbiggerportion of the soiprofile. Also as deep tillage reducdue

cone index the plantsereable to penetrate the soil well, which helps to withstand well and resist wind

andrunoff forces which sometimes causes tilants to fall.
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5.2. Recommendation

As found in this studydeep tillage can be the solution to alleviate problems of soils associated with

compaction or soils with hard pans.
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Appendix-A: Physical and chemical property of soil (pre-treatment).

APPENDIXES

Sr dept Av. Av.
.| plot h EC | Textue K CEC OC|TN | P Fe
N | cod ds/ | % % % PP | cmol(+)/
o |e Cm pH [ m sand | Clay | Silt | Class m | Kg % PPm
4.6 | 0.04 7.6 0.3 (0.0
020 |4 2 10 78 12 | heavyclay |2 19 5 3 2.8 5.9
5.2 6.9 0.3 (0.0 4.0
2040 | 1 0.02 |4 82 14 | heavyclay |1 20 1 3 36 |2
5.0 6.7 0.3 (0.0 3.6
4060 | 1 0.02 |4 80 16 | heavyclay |5 19.8 1 3 3 6
49 (0.01 6.9 0.2 (0.0 3.8
60-80 | 4 9 10 74 16 | heavyclay |2 19.6 7 2 3818
80 5.0 | 0.01 6.4 0.2 (0.0 3.7
1 |P2 |100 |8 8 10 72 18 | heavyclay |1 21 3 2 42 | 4
4.7 | 0.03 7.8 05 (0.0 11.
0-20 |5 1 44 34 22 | clay loam 2 47.8 9 5 5 9
4.9 | 0.02 sandy clay 8.3 0.5]0.0 10.
2040 | 1 5 56 30 14 | loam 5 49 5 5 6.4 | 2
5.2 10.01 sandy clay 8.8 0.3 0.0 13.
2 | P4 4060 |8 7 48 32 20 | loam 2 22.4 5 3 (481
4.9 | 0.06 8.6 0.7 0.0 14.
020 |5 4 8 72 20 |heavyclay |1 20 4 6 4 5
5.4 | 0.03 7.3 0.2 0.0 7.6
2040 | 4 2 4 80 16 | heavyclay |6 19.6 3 2 5212
5.5 0.02 7.8 0.3 (0.0 5.9
40-60 | 8 8 2 82 16 | heavyclay |7 18.4 1 3 58 |8
5.6 | 0.02 6.7 0.4 (0.0
60-80 | 6 3 2 82 16 | heavyclay |4 17.6 3 |4 5 4.5
80 55 0.0 6.2
3 |P3 |100 |8 0.03|4 78 18 | heavyclay |6.7 |13 0.2 |2 44 |8
5.2 1 0.08 9.2 05 (0.0 18.
0-20 |1 4 12 68 20 | heavyclay |2 23.4 5 5 1.2 |3
5.6 | 0.02 8.7 1.0 | 0.0 19.
2040 | 2 6 12 66 22 | heavyclay |1 23 1 9 5 3
5.7 | 0.03 8.9 05 (0.0 17.
4 |P1 40601 2 22 64 14 | heavyclay |2 29 1 4 18 |3
0.05 15. 1.2 0.1 ]|25. | 26.
0-20 |53 |2 16 50 34 | Clay 8 18 9 1 8 7
5.3 |0.04 16. 1.0 | 0.0 | 14. | 18.
2040 | 4 2 10 68 22 | heavyclay |9 19.6 1 9 2 7
5.3 |0.03 0.0 | 15. | 12.
4060 | 5 9 4 78 18 | heavyclay |16 |13.4 0.7 |6 8 5
5.3 18. 0.8 0.0
5 |P5 | 60808 0.04 |2 78 20 | heavyclay |4 17.4 2 7 88|11
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Appendix B: Pre and post infiltration rate

Posttreatment IR.(mm/hr)

Plot Pretreatment IR.| Tillage Treatment

Code | (mm/hr) DT CT NT
P1 171 240 210 120
P2 80 270 120 108
P3 192 240 60 180
P4 40 150 120 60
P5 240 216 180 120

Appendix C: Bulk density and Penetration resistance data

Pre Pre
Treatment| Treatment |_Tillage treatmen{Post Treatment)
Plot BD Penetration| DT CcT NT
Code| Depth(Cm)| (g/cn?) (PSI) BD(g/cm3)| PR(PSI) BD(g/cm3)| PR(PSI] BD(g/c) | PR(PSI
0-20 1.08 200 1.27 44 1.45 110 1.53 204
20-40 1.34 350 1.32 130 1.52 234 1.63 352
P1 | 4060 1.31 380 1.33 200 1.54 334 1.66 362.5
0-20 1.58 200 1.23 34 1.57 204 1.55 304
20-40 1.16 280 1.26 116 1.38 300 1.67 352
P2 | 4060 1.23 320 1.27 206 1.54 342 1.64 348
0-20 1.03 200 1.15 30 1.45 110 1.45 180
20-40 1.07 300 1.19 72 1.44 240 1.42 316
P3 | 4060 0.99 350 1.27 210 1.5 332 1.44 366
0-20 1.08 100 1.05 12 1.22 32 1.33 174
20-40 1.07 200 1.01 50 1.23 156 1.23 214
P4 | 4060 0.99 300 1.02 76 1.19 256 1.3 300
0-20 1.28 320 1.28 70 1.46 220 15 300
20-40 1.07 380 1.15 106 1.41 284 1.58 310
P5 | 4060 1.17 390 1.22 160 1.52 356 1.56 368
Appendix D: Soil moisture data
D1: Soil moisture data for plot code P1
Treatment
Corventional Till ‘ No Tl ‘ DeepTill
Depth (Cm)
Date 10 20 30 60 10 20 30 60 10 20 30 60
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