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CHAPTER 1
INTRODUCTION

Human intervention and manipulation of soil hasdlda an increased
amount of erosion, known as accelerated erosiohe&ision is one form of soil
degradation similar to soil compaction, low orgamatter, loss of soil structure,
poor internal drainage, salinisation and soil dgigiroblems. Soil erosion is a
naturally occurring process on all lands. The ageitsoil erosion are water and
wind, each contributing a significant amount ofl $o0§s. Soil erosion may be a
slow process that continues relatively unnoticedt onay occur at an alarming
rate causing serious loss of topsoil. The lossodffeom cultivated land may be
reflected in reduced crop production, lower surfa@der quality and damaged

drainage networks.

Laterite is highly weathered material, rich in sedary oxides of iron,
aluminum or both. It is nearly void of bases andnpary silicates but it may
contain large amount of quartz and kaolinite. Iteither hard or capable of
hardening on exposure to wetting and drying. Then téaterite’ was originally
used for highly ferruginous deposits first obseruedlalabar Region of coastal
Kerala and parts of Karnataka. In Kerala, latesag#s are the most important soll
group covering the largest area. The lateriticaiarrof Kerala occupies the
midland region and the economy of the state depepds this terrain which

produces most of its cash crops.

The measurement of soil erosion could be done reiththe field or in the
laboratory. The use of these two techniques depepds the objectives of data
collection on soil erosion. In laboratory experimetihe measurement can be
carried out under simulated conditions, to assess the influence of one or more
related parameters on the rate of soil erosion. 3iuely is carried out by
repeating the experiment for different slope stespnin brief, the experimental
techniques are employed for studying the mechasfiesosion, where the effect

of related factors can be controlled.



Rainfall simulators are used in most of the labmwatstudies, which is
designed to produce a storm of energy, intensitiydaop size characteristics that
can be repeated on demand. Rainfall simulatorsvajienerating rainfall with a
known intensity and duration on an erosion ploaicontrolled manner and thus
make it possible to quantify runoff and soil loksallows very detailed erosion
predictions. Thus simulators have widely contribiute the understanding of soil
erosion process. It is possible to find good catiehs between the values of soil

loss measured in an erosion plot under simulatefaih

Rainfall simulators are classified according to thiep formers used. The
most common are hanging yarn type, tubing tipsh wither hypodermic needles
or capillary tubes and nozzles. None of the sinouaaccurately recreates all the
properties of natural rain. But rainfall simulatassing sprinkler nozzles are

capable of recreating the desired characters afalatinfall.

Field measurements may be classified into two ggagpthose designed to
determine soil loss from relatively small areagiasion plots and those designed
to assess erosion over a larger area, such asragiabasin. Runoff plots are
isolated areas of known size used to measure #sedoof soil and water due to
erosion. The rainfall simulators used for such kafidainfall simulation should
be capable of achieving fairly uniform, continugagnfall intensity application
over the study area. The simulators should alsedpable of applying almost

vertical impacts for most raindrops and applyingeatable simulated rainstorms.

Runoff is generated by rainstorms and its occugeand quantity are
dependent on the characteristics of the rainfadinéVike intensity, duration and
distribution. When rain falls, the first drops o&ter are intercepted by the leaves
and stems of the vegetation. This is usually retéto as interception storage. As
the rain continues, water reaching the ground sarfafiltrates into the soil until
it reaches a stage where the rate of rainfall sitgnexceeds the infiltration
capacity of the soil. Thereafter, surface puddtéshes, and other depressions

are filled, after which runoff is generated.



Soil erosion models are used to predict soil erosisk or rates of erosion
for a specified area. There are many erosion piedienodels in existence but
some notable ones include the Universal Soil Logsakon (USLE), Water
Erosion Prediction Project (WEPP), European Sailsttm Model (EUROSEM)
and the Morgan-Morgan-Finney model (MMF). All emrsimodels require input
data which may include rainfall erosivity, volumedaintensity, soil parameters
of erodibility, properties such as moisture contebtlk density, cohesion
strength, depth and surface depression storagee stteepness and length,
cropping regimes, land management, and land col&th any model it is
important that it should be validated using measaiaa.

Field size plots and relatively small rectangulitgare commonly used in
erosion studies. The runoff plots could be utilizedstudy the effects of rainfall
on runoff and soil erosion from bare soils and shefaces with mulches. The
data which are obtained can be used to construcalatate a model or can be

used to develop equations to predict runoff antiess.

The present study has been taken on a lateritiaiterat Tavanur,
Malappuram District of Kerala State. The soils lme tarea were identified as
belonging to the Naduvattom series. A rainfall demion study was taken on

natural soil demarcated in to micro soil erosiardgtplots of size 2 x1.5 m.

The objectives of the thesis work are listed as,

1. To develop a rainfall simulator.

2. To study the performance of the developed rHisifaaulator.
3. To study the effect of rainfall on soil loss.

4. To study the effect of rainfall on runoff.

5. To develop a soil erosion model.
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CHAPER 2
REVIEW OF LITERATURE
The use of artificial rainfall is a common methmdstudy the runoff and
soil loss. Micro soil erosion plots demarcated byders under simulated rainfall
were made use in several erosion studies. Expetsmerder natural rainfall had
drawbacks such as variation in intensity and donatif rainfall, initial soil water
status, too long observations for several yearterdjits to reproduce the rain
under controlled conditions, both in field and leddory, were therefore designed
to overcome these disadvantages. The previousestudievant to the topics of
soil erosion, runoff and rainfall simulators areebly reviewed in following
sections.
2.1 Laterite soil
The term ‘laterite’ was introduced by Buchanan (4)88s a name for a soft
ferruginous rock that was quarried in southerndnfdr building blocks and has
close genetic association with bauxite. The tematefite’ was originally used for
highly ferruginous deposits first observed in Maakegion of coastal Kerala and
Dakshin Kannad and other parts of Karnataka.
Lake (1980) used the following simple descriptivassification for the

laterites in Malabar, India.

Groups | Nature of the laterite Origin
Plateau Vesicular Nondetrital
laterite

Terrace Pellety Detrital
Laterite

Valley Partly vesicular Partly nondetrital
Laterite

Valley Partly pellety Partly detrital
Laterite




Bayewuet al (2012) studied the petrographic and geotechpicaerties of
lateritic soils developed over different parentk®cA total of five bulk samples
of laterite soils developed over five different gmair rock materials were collected.
These rock types are porphyroblastic gneiss, bagdeds, quartz schist, gneiss
and biotite gneiss. He concluded that biotite gheisd granite gneiss have the
highest feldspar content and are likely to weathiato soils with higher
percentage of clay minerals which controls tpeotechnical properties. The
differences in the engineering properties of thiéssis related to the variation in
mineralogy of the parent rock from which tkeils were derived, resulting
in differences in plastic index, grain size disition, CBR (California Bearing
Ratio) characteristics, liquid limit, plastic limi&nd unconfined compressive
strength.

From the distribution of the laterite soil it cha seen that this vast region
have a large portion of favourable topography fgrialture and adequate
temperature for the plant growth. The physical t@amsts for laterite soils in crop
production include susceptibility to erosion, lowater holding capacity and
drought stress. In Kerala, laterite soils are geaumto different series according
to their locality and profile features (Soil Survegpartment, Kerala).

2.2 Soil erosion

Soil erosion may be defined as the detachment emdval of soil material
from the soil surface of the ground, either by wateby wind. Several distinctive
processes are involved in erosion of surface nadselby water. They are raindrop
splash, unconcentrated wash including sheet flossien, concentrated wash
including rill, gully, stream bank, and channel om, and a mixed process in
which erosion takes place by raindrop splash atsport (Finkel, 1986).

Onyandoet al (2000) reported that soil erosion and surfaceoffumwas
higher in the deforested, agriculture and grazargl$ than in the forested lands.
He also suggested that soil erosion and surfaceffraepend on rainfall and
several watershed characteristics and managenestiqes.

Soil erosion describes the detachment, transpait deposition of soil

particles by wind or water. It is a biophysical pess that also occurs naturally,



but is highly accelerated by human interferencest thre linked to social,
economic, political and institutional factors (L2001).

Bernard and Eric (2002) reported that the evaduabif soil susceptibility to
runoff and water erosion is often expensive andetimonsuming. Soll
susceptibility is linked to aggregate stability wkaletermination is far easier.

Soil erosion plots of different types and sizeswidely used to investigate
the geo morphological processes related to sofli@no The relation between soil
loss at land surface and the values obtained Ity filwts depends on how good
the methodology performs over a set of ecosysteapguties, such as those
related with temporal and spatial scale issuesurtiance and representation of
natural conditions, and the ability to account foe complexity of ecosystem
interactions (Boiet al,, 2006).

Geologic and accelerated are the two main type®rosion. Geologic
erosion is a normal process of weathering that igélgeoccurs at low rates in all
soil as part of the natural soil forming processesontrast soil erosion becomes
a major concern when the rate of erosion exceeckrtain threshold level and
becomes rapid, known as accelerated erosion (Bleinaly 2010)

2.2.1 Soll erosion process

There are four primary types of erosion that ocasra direct result of
rainfall such as splash erosion, sheet erosidrerokion and gully erosion. Splash
erosion is generally seen as the first and |leagtreestage in the soil erosion
process, which is followed by sheet erosion, th#érerosion and finally gully
erosion ( Zachar and Dusan, 1982).

Erosion is a three step process involving the det@nt, transportation, and
deposition of soil particles. Detachment occursmitiee erosive forces of rainfall
drop impact or when flowing water exceeds the soiksistance to erosion.
Detached particles are transported by the splagHlaw of raindrop. Deposition
occurs when the sediment load of eroded particieseasls its corresponding
transport capacity. The relative importance of ¢hdandamental processes
depends on whether the processes are occurringerrrill or rill areas and in the

levels of the controlling variables (Foster, 1985).



All the erosion processes take place through a umedwhich may be
water, wind, snowmelt etc. The most commonly havesoil erosion is driven
by rainfall erosivity i.e. the potential of rainféb cause erosion (Mark, 2005).

Rill erosion refers to the development of smallh@peral concentrated
flow paths which function as both sediment soure sediment delivery systems
for erosion on hill slopes. Generally, where wateosion rates on disturbed
upland areas are greatest, rills are active. Fleptlts in rills are typically of the
order of a few centimetres or less and slopes neaguite steep. This means that
rills exhibit hydraulic physics very different frowater flowing through the
deeper, wider channels of streams and rivers (@eal) 2007).

Gully erosion occurs when runoff water accumulaed rapidly flows in
narrow channels during or immediately after heaaing or melting snow,
removing soil to a considerable depth (Detal, 2008).

In splash erosion, the impact of a falling raindaspates a small crater in
the soil, ejecting soil particles. The ejected paitticles can travel in as much as
0.6 m vertically and 1.5 m horizontally on levebgnd (Obreschkow, 2011).

A field experiment using rare earth elements asetsawas conducted to
investigate soil erosion processes on slope swgfdagang rainfall events. A plot
of 10 m x 2 m x 0.16 m with a gradient of 36.4% watablished and the plot was
divided into two layers and four segments. Varicare earth element tracers were
applied to the different layers and segments terdehe sediment dynamics
under natural rainfall. Results indicated that sleeesion accounted for more than
90% of total erosion when the rainfall amount aedgity was not large enough to
generate concentrated flows. Sediment source cdang#fferent sections on the
slope surface, and the primary sediment source tareded to move upslope as
erosion progressed. In rill erosion, sediment disglh mainly originated from the
down slope and moved upwards as erosion intensifibd results obtained from
this study suggest that multi rare earth tracerhrigue is valuable in
understanding the erosion processes and deternsatigient sources (Mingyong
et al, 2012).



2.2.2 Erosion measurement

Agriculture can result in soil erosion when impropgnagement is applied
on arable land. The frequent use of heavy machiwéigh is often not adapted to
the land favours soil compaction. Different tillageethods disturb the soil, alter
the bulk density and hydraulic conductivity of theill and damage its physical
and chemical properties (Oldeman, 1997).

The near to complete removal of natural vegetatiiom large stretches of
land or by “converting forest into agricultural thnlarge scale commercial
forestry, road construction or urban developmef@idéman,1997) might be the
most severe cause of soil erosion. The study &éreit models by Kirschket al.
(1999) confirms that deforestation, especially ombination with population
pressure, is clearly very relevant for erosion.

Toy et al. (2002) described the benefits of erosion measurnesraes,

1. Determination of the environmental impact of eposand conservation
practices
Scientific erosion research
Development and evaluation of erosion control tetiay

Development of erosion prediction technology

a M 0D

Allocation of conservation resources and develognnconservation
regulations, policies and programs.
Leo (2005) reported that erosion measurement tqabsi for scientific
erosion research are more accurate and aim atcandeeffects of erosion. When
expressed in an equation this implies a dependerdhble which can be estimated
from values of one or more independent variablas.efosion inventory often
uses a mix of two technologies: direct measuremants the use of erosion
prediction technology. Characteristics of measurégntechniques for erosion
inventory are,
1. They are not so accurate.
2. They are cheap and fast so that many spots (@igg alansects) can be

measured.



The choice of tillage practice also influences tbeghness of the surface,
thus the resistance to soil detachment and trapspat the direction of the runoff
channels (Morgan, 2005).

Schindler (2008) reported that the suitability ofgs “to the capacity of the
soil and wider environment” is crucial in maintaigithe conditions of the soil,
preventing degradation and minimising the risk wfductivity losses. Especially
mono cropping can harm soils but also the intradunadf less suitable cash crops
can eventually lead to a decline of soil fertility.

2.2.3 Factors affecting soil erosion

The major factors affecting the soil erosion aimate, soil, vegetation and
topography. Climatic factors affecting erosion eaifall, temperature, and wind.
The plant cover can be regarded as protection sigainsion since it reduces the
force of the rainfall and the velocity of the ruh@organ, 2005).
2.2.3.1 Precipitation and wind speed

Climatic factors include the amount and intensify ppecipitation, the
average temperature, as well as the typical temyperaange, seasonality, wind
speed, and storm frequency. Generally in similgeta&tion and ecosystems, areas
with high-intensity precipitation, more frequentinfall, more wind, or more
storms are expected to have more erosion.

Since erosion starts with the process of soil detemnt by raindrop impact,
the basic unit of raindrop erosivity can be repnése by the stress, momentum or
kinetic energy of a single raindrop (Sharma, 199)ich are all functions of the
drop size, drop shape and the terminal velocity.

Jayawardena (2000) introduced a relatively inexpendevice that uses a
piezoelectric force transducer for sensing raindnopact response which is used
to find the drop size distribution, momentum andekic energy of rainfall. The
instrument continuously and automatically reconfsa time-scale, the amplitude
of electrical pulses produced by the impact of deaps on the surface of the
transducer. The size distribution of the raindr@psl their respective kinetic
energy are calculated by analysing the number angliade of pulses recorded,

and from the measured volume of total rainfall gsia calibration curve.



Simultaneous measurements of the instrument, a gauge and a dye-stain
method were used to assess the performance afdtrament.

The impact of rainfall and its related parametessbest described as
erosivity, which is determined by the raindrop sizenfall intensity, amount and
frequency of the rain as well as runoff amount aetbcity. The erosivity is
further influenced by the terrain characteristicehs as slope gradient, length,
aspect, shape and ground cover (Lal, 2001).

The quantity of soil lost during a rainfall evaeata function of the kinetic
energy of the rain that impacts the soil. Largén drops have both greater mass
and vertical terminal velocity such that a dispmijpmate amount of erosion
results from the action of a small number of ladgaps (Neil, 2004).

The soil loss is related to the rainfall through tletachment of soil particles
by the power of raindrops hitting the soil surface through the contribution of
rain to the runoff which determines the transpbthe material (Morgan, 2005).
2.2.3.2 Soil structure and composition

Soil containing high levels of organic materiale aften more resistant to
erosion, because the organic materials coaguldteddloids and create a stronger
and more stable soil structure. Chow and Rees {1€8died the effect of content
and size of soil coarse fragments on soil erodttereported that the runoff and
soil loss were found to decrease with increasimmg €ind content of coarse
fragments. Bradford and Foster (1996) reported skdiment size will influence
on sediment yield and the splash process.

The amount of water present in the soil beforepifeeipitation also plays
an important role, because it sets limits on theowmh of water that can be
absorbed by the soil. Wet, saturated soils will m®table to absorb as much rain
water, leading to higher levels of surface runoftl ahus higher erosivity for a
given volume of rainfall (Torri, 1996).

The term soil structure means the grouping or gearent of soil particles.
Over cultivation and compaction cause the soilo&gelits structure and cohesion
and it erodes more easily (National Departmentgficdilture, 1999).



Very small and coarse particles results in the tgstaresistance to
detachment, due to strong adhesive or chemicalibgria small particles and the
affect of increased weight of coarser particles (dém 2005).

The composition, moisture, and compaction of sl @l major factors in
determining the erosivity of rainfall. Sedimentsitaoning more clay tend to be
more resistant to erosion than those with sandltpibecause the clay helps bind
soil particles together (Mirsai al, 2008).

Soil compaction also affects the permeability & soil to water, and hence
the amount of water that flows away as runoff. Mocoenpacted soils will have a
larger amount of surface runoff than less compastédBlancoet al, 2010).
2.2.3.3 Slope

Some studies looked into the effects of differdaps or rainfall intensities
on the dynamics of erosion (Huang, (1998); Fox Bnghn, (1999) and Romkens
et al, (2001)).

Fox and Bryan (1999) found that for a constant furaie, erosion by rain-
impacted flow increased roughly with the squard wilope gradient, as for the
runoff velocity.

Kinnell (2000) reported that sediment concentrationflow from side
slopes increased with slope gradient, particuldrlthis exceeded 10 per cent.
After studying erosion from small plots with slogedients of four per cent and
eight per cent in tilled fields, Chaplot and Bissais (2003) reported that
sediment concentration in runoff was not correlat@ti slope gradient.

The velocity and volume of the surface runoff irmse with the slope
steepness and its slope length. The soil lossagagptional to the product of the
slope length and the tangent of the slope anglen@u2004).

Tony et al. (2005) conducted a full scale field study to irigege the
effects of rainfall infiltration on a natural grassexpansive slope. A 16 m wide x
20 m long area was selected for instrumentatioe. imstrumentation included jet-
filled tensiometers, moisture probes, a tippingKeticain gauges and a v-notch
flow meter. An artificial rainfall of 370 mm was pled to the slope. The results

showed that the depth of influence of rainfall degieg upon the elevation of the



slope ranged from 2.8 to 3.5 m. Positive pore pressere measured within the
influence depth, and there existed a significabsadace down water flow at the
end of the simulated rainfall, particularly neag tbwer part of the slope.

For the mild slopes of five per cent and nine pentcthe sediment
concentration is stable, which could characteriileee a transport limited or a
detachment limited process. For the intermediatpesiof 15 per cent, the
concentration continued to increase mildly, asé transport limiting situation of
the first stage was still occurring. Finally, ftwetsteeper slopes 20 per cent and 25
per cent, the sediment concentration reached a peahle before declining,
indicating that erosion shifted from transport bied to detachment limited regime
(Ben-Hur, 2006).

The topography of the land determines the velaaitwhich surface runoff
will flow, which in turn determines the erosivity the runoff (Whisenant, 2008).

Suhua Fu (2009) conducted a study to investigate dffiect of slope
gradient on soil erosion. Simulated rainfall wasiducted above a series of soll
trays with nine different slopes on sandy loamssdilhe results revealed that the
total soil loss was increased with slope, and tHeareased after a maximum
value was reached. He also indicated that the gjogdient has greatest effect on
down slope soil erosion and least impact on latn@gion.

Longer, steeper slopes especially those withoutzte vegetative cover
are more susceptible to very high rates of erodimmg heavy rains than shorter,
less steep slopes. Steeper terrain is also moree goomudslides, landslides, and
other forms of gravitational erosion processes r{Bteet al., 2010; Wainwright,
2011).
2.2.3.4 Vegetative cover

Vegetation acts as an interface between the atreospind the soil. It
increases the permeability of the soil to rainwataus decreasing runoff. It
shelters the soil from winds, which results in @ased wind erosion, as well as
advantageous changes in microclimate. The rootthefplants bind the soill
together, and interweave with other roots forming@e solid mass that is less



susceptible to both water and wind erosion. Theokarhof vegetation increases
the rate of surface erosion (Styczen and Morga@5)19

Siepelet al. (2002) expanded use of Manning’s roughness iardehing
erosion rates under grass vegetated surface aomlidand show that a certain
minimal cover is required to trap suspended sedimen

Xinxiao et al. (2006) conducted a study on the effects of vemgetat
cover and precipitation on the process of sedimpesduced by erosion in a small
watershed of Loess region. The conclusions showat with the increase of
precipitation indexes and the decrease of planexad and the amount of
sediment produced by erosion in the study areadvbetome larger. In order to
distinguish the influences of erosion due to humetivity and natural factors, the
paper introduced multi-variable regression methgdstandardization data to
determine the relative contributing ratio to saibgons in the study area. The
conclusions showed that the contributing ratio ofgetation cover and
precipitation changes were 45.7 per cent and 5&r.&¢nt. It was obvious that the
influences of precipitation were larger than thoseegetation for the soil erosion
in the study area.

Veena and Devidas (2010) conducted an experimentsionselected
experimental fields of 2 x 2m within the catchmewith distinct variations in
surface characteristics such as grass-covered witbagentle slope, recently
ploughed gently sloping area, area covered by cesmue, bare badland with
steep slope, gravelly surface with near flat slapé steep slope with grass cover.
The results indicated that each variation amongplbes depend on their slope
angle and surface characteristics. An importardifig that emerged from the
study was that the grass cover is the most effectiveasure in inducing
infiltration and in turn minimizing runoff and sedent yield. Sediment yields
were lowest in gently sloping grass covered sudfael highest in bare badlands
surfaces with steep slopes.

2.3 Rainfall simulators
The most important design requirements of a siroulate that it should

reproduce the drop size distribution, drop veloatyimpact and intensity of



natural rainfall with a uniform spatial distributi@and that these conditions should
be repeatable. The need to reproduce the enerdglyeohatural rainfall for the

intensity being simulated is generally regardedless important (Bubenzer,
1979).

The major accessories related to the rainfall saouwl is pipe work,
windshield, frame, wheels, guttering for collectimi sediment and runoff
generated, pump, electrical generator, water tankisso on add significant costs
over and above that spent on the drop forming @evicaddition to the material
costs and maintenance requirements, operating ¢ugpraent needs human
labour. Meyer and Harmon (1979) stated that thesmple are needed to assemble
and dissemble a fairly straightforward rainfall slator, plus all its accessories.

One of the biggest problems in soil erosion rese@dhe need to rely on
natural rainfall to observe soil erosion. It istually impossible to predict where
and when rainfall events are going to take plac@nfall simulators are used in
most of the laboratory studies, which is desigregroduce a storm of energy,
intensity and drop size characteristics that camelpeated on demand. Rainfall
simulators have been used to accelerate reseamabilinrosion and runoff from
agricultural lands, high ways etc (Meyer, 1980).

Meyer (1988) suggested that the goal of raindafiulator research is to
collect accurate and useful data, not optimizenaukitor. Generally, one square
meter and smaller plots may be sufficient for stagyraindrop impact erosion.
The rainfall simulators used for such kind of ralhtimulation should be capable
of achieving fairly uniform, continuous rainfall tansity application over the
study area. The simulators should also be capabkpplying almost vertical
impacts for most raindrops, and applying repeatsiohellated rainstorms.

Simanton and Emmerich (1994) developed a rotatiognb rainfall

simulator for doing experiment on a 3 x 10 m plotlee USDAARS Walnut



Gulch Experimental Watershed in South eastern Aazd he plot has a gravely

sandy loam surface texture and a g@d@sinated vegetation community, and the

data are for very wet initial soil moisture conalits. The rainfall rates were 60

and 126 mm 1. The observed steadyate infiltration rates were computed as the

difference between the rainfall rate and the olestisteadystate runoff rate. The

predicted infiltration and runoff rates were comgautising the IRS model (Stone

et al., 1992), which couples the Gretampt Mein Larsen model equation (Mein

and Larsen, 1973) with a method of characteristidstion of the kinematic wave
model. Finally he noted that the observed infiltmatrate is larger for the higher
rainfall rate.

Kim and Miller (1996) concluded that the presentsaits in water used for
rainfall simulator studies may cause serious emwdrere the intent is to simulate
rainwater of low electrical conductivity.

Valmiset al.(2001) conducted a soil loss experiment in theratory using
a rain simulator where soil loss was measured hadsoils attitude was studied

under the conditions of simulated rainfall. It wiaind that the instability of



aggregates is negatively correlated with cationharge capacity and the total
specific surface of soils. Also the calcium carkden@ontent affects positively the
aggregates instability.

Shekl et al. (2003) used a portable rainfall simulator and 4 ptots to
determine the relative soil erodibility of geologidormations and to find its
relation with physical and chemical characterisb€soils in the Golabad basin,
Isfahan. The results showed that using a rainfadukator not only decreases the
required research period while giving reasonabseilte and precision, but also
makes changing the intensity, duration and frequefcainfall possible.

Sheridanet al (2008) used a simulator to obtain a modified gt/
index which could be used to predict annual erosates for forest roads. They
used a rainfall simulator on 1.5 x 2.0 m plots, aadied out simulations for 30
min with an intensity of 100 mm“hand an estimated kinetic energy of 0.295 MJ

ha'mm ™, which is similar to the kinetic energy of highensity rainfall.

Stoneet al. (2008) used a variablatensity rainfall simulator to generate

steadystate infiltration rates at multiple rainfall inhes on 2 x 6.1 m natural

vegetation rangeland plots. He has shown from tlo¢ qgata observed from
rainfall simulator experiments and natural rainilents that infiltration rates can
increase with increasing rainfall rate instead e¢réasing with time or infiltrated
depth.

Shiet al (2012) conducted 12 rainfall simulation experitseim a 1 m x
5m box with varying steep slopes such as 10°, 2B® and 25° and the

simulated rainfall lasted for 1 h at a rate of 9 m'. For each simulated event,



runoff and sediment were sampled at three minutgésrvals, which were
performed to study in detail the temporal changsize distribution of the eroded
materials. Total soil loss is the sum of suspendatiating and contact loads. He
reported that suspension-saltation transports ther fthan 0.054 mm size
sediment was the most important erosion mechanianngl interrill erosion
processes. However, after rill development on lbgiss, bed-load transport by
rolling of medium to large-sized sediment particleparser than 0.152 mm)
became an increasingly important transport mechaaisd it were also enhanced
by increased slope.
2.3.1 Advantages and disadvantages of rainfall simulator

Renard (1985) examined the advantages and disadyemtof rainfall
simulators. A significant advantage is cost efficig The cost of a rainfall
simulator is relatively less when compared to tbst ©f a long-term hydrologic
experiment that relies solely on natural rain eserRainfall simulators also
provide utmost control of an experiment, particylawith respect to data
collection. The plot conditions can be readily aiechfor experiments with regard
to instrumentation used. Antecedent moisture cawditcan be varied prior to
testing, and additional water can be added rathekly. Rainfall intensity can be
varied with ease to replicate certain storms obmcHowever, he noted the
disadvantages of rainfall simulators, including ligh cost of labour to conduct a

rainfall simulation.

Most rainfall simulators are relatively small, litnig most experiments to a
small plot scale. In addition, simulated rainfaitensities often do not mimic
natural rainfall intensities with the same tempovariations and drop-size
distributions (Renard, 1985). The biggest inadegwdenost rainfall simulators is
the inability to produce water droplets that applodghe terminal velocity of

natural raindrops.

Meyer (1988) mentioned that the major advantagesawifall simulator
research are fourfold: it is more rapid, more &ffit, more controlled and more
adaptable than natural rainfall research. Meyeo @lsinted out that the ideal



rainfall simulator should be inexpensive to buddsy to operate, simple to move,
and could be used whenever and wherever neededndsieimportant is that the
rainfall can also be adequately generated.

Agassi and Bradford (1999) suggested that the d¢dek uniform coverage
across a large area and the lack of a continuousrage at low rainfall intensity
were two of the main problems of rainfall simulatiexperiments under large
areas; however, this is precisely the advantageranfi fall simulating
experiments, that by keeping rain fall intensity amop sizes constant, the task of
discovering relationships between rainfall and ftioo erosion can be simplify
(Lascelleset al, 2000).

Iserlohet al. (2013) suggested that rainfall simulation on nmiglat scale is
a method used worldwide to assess the generatiomesfand flow, soil erosion,
and interrelated processes such as soil sealingtimg, splash and redistribution
of solids and solutes. The so produced data ageeatt significance not only for
the analysis of the simulated processes, but asosource of input data for soil
erosion modelling.

2.3.2 Types of rainfall simulator

The rainfall simulators are classified accordingthe drop formers used.
The most common are pressure droppers or nozzles &nd non-pressure
dropper type including tubing tip type, either hgpamic needles or capillary
tubes and hanging yarn type (De Plegwal, 1976).

In terms of size, rainfall simulators range fronsimple, small, portable
rainfall simulator with a 0.15 m diameter rainfatea (Bhardwaj and Singh, 1992)
to the complex Kentucky rainfall simulator, whichvers a plot 4.5 m x 22 m.
Generally all rainfall simulators are constructedarder to simulate rain fall
intensities of 10 to 200 mm per hour and drop siaze$.1 to 6 mm (Mark
Grismer, 2012).
2.3.2.1 Tubing tip type

Capillary tubing made of glass or brass has beed asthe larger drop size
ranges. Hypodermic needles are good at producingllesmdrops, although
surface tension is a problem for these smaller dipgs. This can be overcome by



blowing a constant airstream over the drops toatlethem from the needle, but
this can be very complex to set up for most resepurposes.

Capillary tubing and hypodermic needles are susgudepto clogging,
especially where the quality of the water usedoisrpThis can lead to deposits of
calcium, lime scale, salt and dust to block updagillaries so that no drops can
be formed.

Studies by Munn (1974) evaluated the erosion piateaf seven different
soil types in the Lake Tahoe Basin, under both naatand disturbed conditions.
Munn built and used a highly portable drop-formegnfall simulator design. Rain
occurred over a square plot of area 0.71 m x 0.7émploying catheter tubing to
form drops with a fall height of 2.5 m; water wagplied by gravity from a 20
litre jug mounted at the top of the simulator. Bogare runoff collection frame of
size 0.61 m x 0.61 m channelled runoff into coltattars during the 15 minute
duration storms. He also reported that greater amsoaf erosion from steeper
slopes and estimated erosion from several soilesefound in the Basin,
identifying those most likely to present erosionlgems.

Onstadet al. (1981) built a trailer mounted rainfall simulatdihe simulator
has four identical modules, and each module comerarea of 0.61 m by 0.91 m.
The drop formers are stainless steel capillary sulgh inside diameter of 0.69
mm. Water is applied through these drop-formingetyland air is forced to flow
around the tubes. Increasing air pressure incrahsesir velocity passing, which
resulting in smaller drops. The drop size distitnutiis narrower than the natural
rainfall with the same intensity. The simulator cgenerate rainfall intensity
ranging from zero to 200 mm/h. The height of droprfers from soil surface is 2
m.

Bowyer-Bower and Burt (1989) used 15 mm length3ygon tubing, with
an internal diameter of 0.7 mm, and external diamet 2 - 3 mm. The former
determines the rates of water drop formation, #itel the size of drop created.
These tubes gave median drop sizes of between 3 amoh. Small drops were
created by inserting 25 mm lengths of 0.55 mm n¥isimng line into each tube.



Kurien and George (1998) developed an oscillatudgniy tip type rainfall
simulator to study the soil loss and runoff at KOAETavanur. Hypodermic
needles were used as the drop formers. The unifpeuogefficient varied from 82
to 88 per cent corresponding to intensity variagicemging from 4.77 to 8.8 cm/h.
The solil loss increased with intensity of rainfalt all the slopes. A relationship

between supply pressure and intensity of the fatigviorm was obtained,

| =6.0386 — 31.9152 P + 177.36 P
Where,
| - intensity in cm/h,
P - supply pressure, kdicm

Roshni (1998) developed a rainfall simulator ansb#é trough to conduct
the soil hydraulic study at KCAET, Tavanur, KeralBhe portable rainfall
simulator comprised of a drop forming mechanism med on a supporting
frame. The drop forming mechanism consisted ofné taith perforated bottom.
Copper wire loops of 20 gauges were suspended ghrthese perforations. A
float valve ensured a constant head of water inahk to get the desired intensity
of rainfall. The moisture content, tension, surfacmoff and outflow were
monitored at different rainfall intensities.

Fernandezt al. (2008) reported that the standard small or lalboyascale
rainfall simulator is a drip tank. The rainfall @msity ranged from 0 to 120 mm/h
with an intentionally heterogeneous distributiorheTdrop size and rainfall
intensity in drip tank rainfall simulators are cated by the diameter of the holes
and the pressure in the tank.

Sajeenaet al. (2013) modified the existing rainfall simulatorvééoped by
Kurien and George (1998) at KCAET, Tavanur for &eperformance and to
study the erodibility and runoff potential of thelected series of laterite soils of
Mannamkulam, Naduvattom and Vellanikkara under &ed rainfall
conditions. A relationship between supply pressun@ intensity of rainfall of the
following form was obtained.

=-87.205P+108.61 P-10.786 (R =0.99)



Where,
| - intensity of néll in cm/h,
P - Pressure in kafic
R - Coefficient @gression.
2.3.2.2 Pressurized rainfall simulators

The first rainfall simulators for erosion studiesed pressurised water,
flowing through single or multiple nozzles. The nmiple behind the use of
pressurised water is that drops sprayed out ofzzleainder pressure have an
initial velocity imparted to them which should héfgcient for the drops to reach
their terminal velocity at considerably less fadlight than for drops falling from
the skies. This reduction in necessary fall heigtd notable advantage for these
simulators over those which rely on gravity andefriall of drops to attain
terminal velocity.

Pall et al. (1983) developed a rainfall simulator involvindaage-capacity
wide angle spray nozzle and a spray interceptioficdenas been developed for
the soil erosion research program at Guelph. Atirgadisk with multiple
variable aperture openings has been used for spi@ygeption. Calibration tests
show that the simulated rainfall intensity and threformity of application are
affected by the aperture angle, nozzle pressusk angular velocity and the
interaction of nozzle pressure and aperture aglerture angle has the greatest
effect on intensity. Nozzle pressure demonstratesntost significant effect on
uniformity of simulated rainfall. The uniformity afistribution for a small plot is
also affected by the size of the collector unitesidered in the determination of
the uniformity coefficient. For selected combinasoof nozzle pressure, aperture
angle, and disk angular velocity, the simulatednfedi intensity and the
uniformity of distribution can be represented bynaar model involving the plot
dimensions of length and width.

Miller (1987) introduced a portable, variable-indéy, low-cost, and
nozzle-typed rainfall simulator. This simulator tie used both in small pan
runoff-erosion studies and field studies. Electhcaperated solenoid valves

control intensity. The opening and closing of tieéesoid valves, controlled by a



rotating cam or microcomputer, varies the intensftyainfall from approximately
1.44 to 86.4 mm/h, at 29 kPa water pressure. Kinetiergy of the rainfall is
within the range for natural rainfall. The probleof varying intensity was
addressed by oscillating the nozzles, diverting pathe spray from the plot, or
injecting air into the water stream.

Lima et al. (2002) developed a three-dimensional numericaleghfsdm the
movement of individual drops after their releasmrfrthe nozzle of a downward-
spraying rainfall simulator. He reported that dfagces, wind and gravity affect
the original momentum of a single drop. Water aggtion and kinetic energy
were estimated from the coupling of a hydrodynamexiel for drop movement, a
drop generator representing a single full-cone yspi@zzle, and an appropriate
interception algorithm at the soil surface.

Misty et al. (2003) developed a pressurized nozzle type simulatth a
cam-operated oscillating boom for vegetative anasien control research. It
emits uniform rainfall on a plot 1 m wide by 3.56 long. The nozzles at 0.5
kg/cnf, Spraying Systems Company’s Floodjet 3/8K SS45ttethan average
drop size of 1.7 mm and a range of drop sizes &6 than 1 mm to 7 mm
correlating well to storms less than 50 nmimfthe structure of the simulator was
built from aluminum, supporting the four-nozzle boorhe nozzles are spaced 99
cm apart. The computer-driven set up creates repiblé storm patterns that can
be varied over a range of intensities.

Corneliset al (2004) constructed a wind tunnel and a rainfatiutator to
study the effect of wind and rainfall charactedston soil erosion. The simulator
consisted of three pipes covering a 12 x 1.2 mi@eatith sprinklers working
with pressurized water.

Sepaskhalet al. (2006) conducted to determine the effects of chffie rates
of polyacrylamide (PAM) such as 0, 1, 2, 4, andgéhl* applied with sprinkler
irrigation water followed by two sprinkler irrigatns with no PAM application on
runoff, soil loss, and improving infiltration onftérent soil surface slopes such as
2.5, 5.0 and 7.5 per cents under rainfall simulatdaboratory. It was found that



at steep slopes, higher PAM application rates ageliired to enhance the final
infiltration rate, to reduce the runoff and soibgion.

Verbistet al (2009) used a rainfall simulator documented talgthydric
erosion and compare distinct methods of measuroiglgss. The simulator
consists of a straight line of seven sprinklerdwveitl m space between sprinklers
that work with pressurized water and cover an ak® x 2 m . Verbiset
al. (2009) obtained soil loss values in 10 plots watdre soil in the Coquimbo
Region. Each experimental simulation lasted 20 raystem pressure was 100
000 Pa, and rainfall reached a mean intensity 6frhf h'.

Moussouniet al. (2012) conducted an experimental investigatiorthie
laboratory of the water erosion using a rainfathgliator. They have focused on
the influence of rainfall intensity on some hydraulharacteristics. The simulator
which is used is an EID 340 ORSTOM type, with aagpnozzle fixed on a
platform at a height of about four meters. Driven & pendulum, the nozzle
sprays a surface test of 2xirThe variation of the displacement angle alloves th
change of the rainfall intensity. The results aiedi allowed to conclude that
there is a significant correlation between rainfaltensity and hydraulic
characteristics of runoff (Reynolds number, Froud@mber) and sediment
concentration.

2.3.3 Testing of rainfall simulators
2.3.3.1 Intensity

There are a number of techniques used to meaderssity. Rain gauges are
often used in the field, but usually the constramtregarding the number
available. Alternatively, rainfall is collected watch cans over a set period of
time. Catch cans with the same diameter as Ellisplash cups of seven
centimetre diameter would serve as a practical comise for plots up to 3 x 3
metres. The catch cans can be placed in a grid endreneath the simulator, or
randomly placed, using random numbers to identdyngle coordinates. The
amount of water collected in each catch can ovéma can be converted into
intensity by using the following formula (Estevasak, 2000):

Intensity (mm/h) =



Amount of rainfall collected (cmi) 60

X
Area of catch can (cm?) Time of test (minutes)

Arnaezet al. (2004) developed a nozzle type rainfall simulatée. noted
that the rainfall intensity was increased with ease in nozzle pressure.

Martinez-zavalaet al. (2008) used small diameter nozzles for rainfall
generation and experienced a drop in rainfall isitgh mean drop size and KE
with increase in applied pressure. The effect edtizwas due to decreased drop
sizes and intensity.

Aidin et al. (2012) developed a portable single nozzle rairgatiulator.
Rainfall intensity was calibrated by pressure gawgel five rain gauges
distributed uniformly over the plot of area 0.48rfhis procedure was repeated
twice at nozzle pressures varying from 0.7 to 0.&if to ensure rate stability
during simulations. Water in rain gauges was meabavery 5 min.
2.3.3.2 Uniformity

Uniformity of rainfall application, often referredo as uniformity
coefficient, was determined by the following Chiassen (1942) equation:

e
fu=100(1 ——

T

Where,
Cu - Uniformity coefficierger cent
m - Average value of all ebstions, mm
n - Number of observations
X - Numerical deviationind@lividual observations from the
average applicatiorerat
Keller and Bliesner (1990) reported that the caoedfit of uniformity
depends on the design variables of the system asithe size and type of nozzle,
pressure, sprinkler spacing and the height of tzzle above the plot surface.
In a study to evaluate the uniformity of centergtigystems with fixed plate
and rotator nozzles, Hanson and Orloff (1996) fodhat under both windy
conditions with a speed of 2.2 to 4.5 m/s and madvwconditions that rotating

X
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plate sprinklers resulted in more uniform water lmapion than grooved plate
spray sprinklers. In addition, they found that undeindy conditions the

application uniformity of grooved plate spray n@=zlwas higher than rotating
plate nozzles.

Tarjuelo et al. (1999) determined for a solid set sprinkler systdrat
coefficient of uniformity decreased as wind speectéased and that uniformity
remained nearly constant beyond 6 m/s. They alsweth that there is a linear
relationship between coefficient of uniformity agidtribution uniformity.

Esteves et al. (2000) developed a rainfall simulatbich has a base unit
that irrigates a 5m x 5m area with mean intensitiesn 60 to 76mmHand a
mean uniformity coefficient of 80.2 %.

Clark et al. (2003) found that application unifotyniof grooved plate
sprinkler nozzles tended to decrease as operategsyre decreased from 138 to
41 kPa.

Li et al. (2005) reported that sprinkler uniformity has besmwn to
influence nutrient concentrations in the soil amddiso reported that a system
with a coefficient of uniformity ranging from 72%o t84% did not result in
differences in yield of winter wheat.

Christiansen’s uniformity coefficient seems to blee tmost popular
coefficient of uniformity used by researchers oe ghobal scale (Maroufpoor et
al., 2010).

Moazedet al. (2010) reported that simulated rainfall can be stered

uniform when uniformity is higher than 80 per cent.

2.3.3.3 Drop size

Hall (1970) reported that in a network of nozzles, increase in working
pressure increases the average intensity but deselae drop sizes. Kohl (1974)
also reported that low intensity rainfall simulaaperating at low pressure result
in large drop sizes, while drop size decreases kvgher pressures.



The drops can then be measured with a microscapphatographs are
taken of the captured drops. The photographs dexge and measurement of
drop diameter can be made directly from the phaioigs after allowing for scale
effects. If the drops are caught in a transparessel or a glass bottomed dish,
then an overhead projector can be used to prdjecdit and drops onto a screen,
where again, direct measurements and correction bearmade (Elwell and
Makwanga, 1980).

Sheltonet al (1985) reported that as pressure is increaseetitece the drop
size, the application rate generally increaseshéncase of natural rainfall, mean
drop size increases with increasing rainfall intgndue to high drop mass and
fall velocity.

Cerdaet al (1997) used small diameter nozzles for rainfatheration and
experienced a drop in rainfall intensity, mean dsge and KE with increase in
applied pressure. The effect noticed was due taedsed drop sizes. The
uniformity increased to a maximum at approximatély mm/h intensity of
rainfall and then decreased.

Paige et al. (2003) reported that veejet nozzlekiwg from a drop height
of 2.44 m and at a nozzle operating pressure d{RH results in a median drop
size of 2.985 mm, while increasing that pressurggd&Pa increasing the breadth
of the drop-size distribution to a range of 0.29.2 mm while decreasing the
median drop size slightly to 2.857 mm.

In a study of Dukes (2006) two types of low presssprinkler nozzles were
tested under field conditions, stationary groovddtep (LDN) and off-center
wobbling diffuser sprinklers (IWOB). Replicated forimity measurements were
conducted along the axis of a linear move irrigasystem at low speed of <1.7
m/s, medium speed of 3.3-3.9 m/s and high spe&d0e6.6 m/s wind speeds and
at two pressure levels of at least 200 kPa, whielk i excess of the pressure
regulator discharge pressure and less than 97 &Ragessure below nominal
regulator discharge pressure. He reported thatW@B sprinklers coefficient of
uniformity (CU) was consistently 10% to 16% highban the LDN sprinklers

over all conditions and ranged from 87% to 93% a0%h to 85%, respectively. It



was hypothesized that this improvement was dubaddrmation of larger drops
falling in a more random pattern due to inadeqpagssure.

Fernandez-Galveet al. (2008) used a simulator with a range of 0 to
120mmh* with an intentionally heterogeneous distributidie drop size and
rainfall intensity in drip tank rainfall simulatoeze controlled by the diameter of
the holes and the pressure in the tank.

But Hafzullah (2012) showed an opposite resulthes mean diameter of
rainfall was increased with increase of rainfaltemsity. Because he used a
periodically oscillating bar attached with nozzlies constructing the rainfall
simulator. Therefore the drop size depends onrdwuency of oscillations also.
2.4 Runoff and soil loss

Rai and Singh (1986) studied the runoff and saklon steep hill slopes
varying from 0 to 100per cent in Meghalaya. Thdae runoff varied between
68 mm on 10per cent slope to 268 mm on 21per depesThe runoff values
showed increasing trend up to 21lper cent, beyonathwvthe runoff amount
decreased with the increase in slope. The soil wass found to vary between 7
t/ha at zero per cent slope to 891 t/ha at 21parr slepe and beyond this the soil
loss decreased steadily with increase in steepokes$ise slope for the present
study.

Blough et al. (1990) conducted a study to evaluate the effettesidue
cover and surface configuration on runoff and enosiesponses of Letort silt
loam reconstructed in the laboratory under simdlatainfall. Four field
conditions were simulated by producing surface igométion and residue covers
comparable to field situations. Infiltration andfsge storage created as a result
of slit tillage nearly eliminated surface runoffdatherefore erosion, until the slit
overflowed. After the slit overflowed, the erositates were approximately equal
to the other conservation tillage treatment. Swfaesidue decreased surface
runoff and erosion and increased the amount ofviage infiltrated into the soil.
The surface storage provided by the slit treatmimther increased the
opportunity for infiltration.



Mclsaac and Mitchell (1992) studied the temporaiateon in runoff and
soil loss from simulated rainfall on corn and s Soil loss per hectare from
soybeans and soil loss per ha - mm of runoff framoaried by as much as a
factor of four from one year to another. Much oe thariations in soil loss
appeared to be related to variations in runoffpsisteepness and antecedent
rainfall.

Grosh and Jarret (1994) studied the interill enosaad runoff from a 504
mm square box filled with disturbed Hagerstownysitlay loam under a
simulated 20 min., 92 mm/h rainfall at six slopaaging from 5 to 85 percent.
Steady state wash soil loss increased linearly witipe, with measuring rates
ranging from 3.34 g/famin, at 5per cent slope to 22.47 §/min, at 85per cent
slope. Total splash detachment increased with slbjieety nine per cent of
splash moved down slope at the 85 per cent slopereTwere no differences
between steady state runoff rates for slopes fréno185 per cent, with a mean
runoff rate of 66.5 mm/h.

Myers and Wagger (1996) studied runoff and sedinfess from a Pacolet
sand clay loam soil in a two year field experiméwnventional tillage (CT), no
tilage grain production with surface residue (NT@hd no tillage silage
production without surface residue (NTS) were comgainder simulated rainfall
of 12.7 and 50.8 mm/h. residue cover was greater 80 per cent in NTG plots,
41 per cent in NTS and less than 10 per cent in &&diment loss
(NTG<NTS<CT) was associated with residue cover.rage first event runoff in
both years was 40 per cent for NTG, 44 per cenNfb® and 22 per cent for CT.
Runoff doubled with CT on the second event eachr gaggesting soil surface
seal development.

The effect of dead roots on runoff, soil erodiilisplash detachment, and
aggregate stability were studied in laboratory lhyd8y and Alberts (1997). Dead
roots had no effect on runoff but significantlylirdnced (P<0.05) soil loss and
sediment concentrations. Soil loss and sedimentesdrations from annual row
crops were significantly higher than those fromepeial crops; however, the

differences in soil loss among the crops were snedditive to the differences in



root mass and root length. The effect of dead ra@s not observed on splash
detachment as they were on soil strength, aggregdéex and dispersion ratio.

Splash detachment was highest during the initiaml® of simulation and then

decreased approximately.

Humphryet al. (2002) conducted a plot scale runoff study usimpdable
rainfall simulator over a 1.5 x 2 m plot area watltoefficient of uniformity of 93
per cent. He reported that by utilizing a plot & % 2 m, this simulator is capable
of producing a continuous flow rain event with atensity of 70 mm . He also
suggested that a plot size of 1.5 x 2 m may noay@opriate for all research
applications and is not intended to represent exfgeeld values from a large
watershed, but this approach does allow relativaparisons and was sufficient
in preliminary runoff studies for relating soil band runoff.

Benito et al. (2003) reported that erosion studies on agricaltsoils have
shown that when surface soils are at moisture ottgreater than field capacity,
soil losses increase considerably over that fromparably dry soils by as much
as five times or much greater sediment concentrsitio

Kinnell (2005) attempted to attack the kinetic gyeerosion rate question
directly using two drop former type rainfall simtdrs generating average drop
sizes of 2.7 and 5.1 mm from fall heights of 1.0§ @and 11.2 m to generate
erosion of the same 0.2 mm repacked sand usecbpsdyiat flow depths of 3-14
mm. He reported that sediment discharge rates Wezarly related to rainfall
power at each flow depth considered such thatHer27 mm raindrop size and
flow depth of 3 mm, average sediment dischargecaszd by 3.2 times and 5.5
times when increasing the fall height from 1.0 t@ & and 1.0 to 11.2 m,
respectively.

Parsons and Stone (2006) suggested that the presedetstanding of the
processes of soil detachment and transport is quade to predict runoff and
erosion rates associated with the temporal vaiiahil drop sizes and intensities
found in natural rain.

As forest dirt roads and trails are some of thag® sources of sediment

loadings to streams per unit land area, Flal. (2009) and Copeland and Folz



(2009) measured runoff and sediment concentratiamng simulated rainfall
events for a variety of forest dirt road surfaceddaho and around the Tahoe
Basin. Road slopes were generally on mild gradesppfoximately 10% or less
and from both volcanic and granitic parent matsri8imulated rainfall intensities
of 80-100 mm/h were used for 30-minute duratiomsnfra single Veejet 80100
nozzle located 3 m above the soil surface. Thegrteg that recently opened or
used roads generated greater sediment losses dibibties as compared to
abandoned roads (Folz et al., 2009), Copeland atzl (2009) found no soil
dependence for bare disturbed soils on steepegslop

Ekwue and Harrilal (2010) reported that soil losgsveonsistently highest
and runoff was consistently lowest in the sandyriail. The larger size of the
sandy loam soil led to greater presence of largegp@hich enhanced infiltration.
Hence the result showed low surface runoff. Howevdecreased soil
cohesiveness and the presence of more loose ddtaahd particles ensured that
the soil had greater soil loss.

Hany (2013) conducted a field experiment in therghan Country using
33 small erosion plots of 7Tin size was carried out to determine and compare
the soil loss and surface runoff from five vegetattovers and the slope gradients
ranged from 10° to 30°. Results showed that theesgpadient has an impact on
the runoff and soil loss. Thus greater the slope higher will be the potential for
runoff and soil loss.
2.4.1 Soil erosion from micro plots

The size of micro plot can vary from 0.05 to ab8ut?. These plots are
frequently used in laboratory experiments under ufated conditions to

manipulate and understand principles of soil erogimcesses and factors.

One of the best uses for runoff plots is demonisttabf known facts.
Another valid use is in comparative studies, faaraple to test, or demonstrate, or
get an approximate indication of the effect on flrer erosion of a simple
comparison such as with or without a surface mubchthe amount of runoff at
the top and at the bottom of a slopethird possible use is to obtain data which

are to be used to construct or to validate a modelquation to predict runoff or



soil loss.Micro plots of one or two square meters may be @gmpate if the

objective is a simple comparison of two treatméHisdson, 1993).

Goff et al (1993) found that soil loss increased linearlyhwunoff plot at
down slope length for bare soils. The length - iditio of the erosion plot is
important and it can be suggested up to 1, or dnsiderable plot width is at least
approximately 1 m (Agassi and Bradford, 1999).

Hamedet al. (2002) reported that erosion rates from small pénfall
simulation studies are assumed to reflect integritision processes and potentially
miss the erosion produced in gullies at largerescal

Yanget al (2006) showed that simulated rainfall on smadkpbf size 1.5 x
3 m, at an intensity of 73 mm/h can cause twicgpa Df erosion after only 13
min of runoff.

Vahabi and Nikkami (2008) developed a 89 x 120 amfall simulator
producing 24.5 and 32 mm/h rainfall intensities &waluating the effects of
physical soil factors such as texture and anted¢extehmoisture, along with land
slope and vegetation cover over 144 soil erosiatsplvith dimensions of 95 x
125 cm. He reported that small erosion plots wilbva the control of most
influences, such as slope, soil texture, and m@stontent, and thus the impact
of one specific factor can be investigated.

Rieset al. (2013) reported that rainfall simulation on migiot scale is a
method used worldwide to assess the generatiorverfamd flow, soil erosion,
infiltration and interrelated processes such a$ ssaling, crusting, splash and
redistribution of solids and solutes. The produdath are of great significance
not only for the analysis of the simulated procesbet also as a source of input-

data for soil erosion modelling.

2.5 Modelling of soil erosion

Many empirical and theoretical formulas have beewetbped to predict or

estimate soil erosion. Although many researcheve lpainted out the limitations



they inherited, USLE and its modifications arelstile most important soil
erosion prediction tools ever been developed fdresosion prediction.

Fosteret al. (1981) reported that the relationship betweendraip diameter
and velocity data to determine the kinetic enerigramfall is:

E =0.119 + 0.0878llo
Where,

E = kinetic energy (MJ/ha.mm),

| = rainfall intensity (mm/h).

Multiplication of E by total amount of rainfall (mmgives total kinetic
energy. Also, they found that, Bl the product of kinetic energy (E) and the
maximum 30 minute intensity (), was the best single rainfall parameter for
prediction of soil loss.

Nearing (1997) claimed that erosion prediction textbgy needed to move
towards development of process-based simulationefaodhis thinking was
reflected in development of the “physically-basedfipugh continued semi-
empirical erosion equations known as WEPP modekldped as something of a
replacement for the empirically-derived USLE.

Siepelet al. (2002) expanded use of Manning’s roughness inruaateng
erosion rates under grass vegetated surface comgliind show that a certain
minimal cover is required to trap suspended sedimen

Soil erosion and sediment yield models therefoiey @ critical role in
addressing problems associated with land manageraedt conservation,
particularly in selecting appropriate conservatiopasures for a given field or
watershed (Sadeght al, 2008).

Monitoring and modelling of erosion processes caglp hus better
understand the causes, make predictions, and plartdhimplement preventative
and restorative strategies. The complexity of emgirocesses and the number of
areas that must be studied to understand and ntbdet like climatology,
hydrology and, geology makes accurate modellingeqcinallenging (Blancet
al., 2010). Erosion models are also non-linear, whitdkes them difficult to

work with numerically, and makes it difficult or possible to scale up to making



predictions about large areas from data collectgdséampling smaller plots
(Brazieret al.,2011)
2.5.1 Universal soil loss equation (USLE)

The most widely used method of predicting soil Enogs the Universal
Soil Loss Equation. The USLE was derived from statal analysis of 10,000
plot-years of natural runoff plots data and theieajent of 1000 to 2000 plot-
years of rainfall simulators' data. The authors leasjfzed that the USLE is an
erosion model designed to predict the longtime ayesoil losses from sheet and
rill erosion, and from specific field areas in sified cropping and management
systems. Many variables and interactions influesiceet and rill erosion. The
USLE groups these variables under six major eromtors, the product of
which, for a particular set of conditions, reprdsetme average annual soil loss
(Wischmeier, 1976). The USLE (Wischmeier and Snii§V8) is expressed as

A=K-L-S-C-P

Where ,

A = the estimated soil loss (ton/acre-year),

R = the rainfall and runoff factor (hundreds ofdt-in/acre-year),

K = the soil erodibility factor (ton-acre-h/hundeedf acre-ft-ton-in),

L = the slope length factor,

S = the slope steepness factor,

C = the cover and management factor,

P = the supporting practice factor.

Modified Universal Soil Loss Equation (MUSLE) andhet Revised
Universal Soil Loss Equation (RUSLE) are the maaifions of USLE.

Renardet al (1991) and Renarét al. (1994) introduced the Revised

Universal Soil loss equation. The RUSLE uses tmeestundamental structure of

USLE to link those thousands of plot years of dataler both natural and



simulated rainfalls that derived the USLE, and fthetors of RUSLE have been
broken down further to allow better definition ambre accuracy of prediction.

The equation is as

A=R-LS-C P,

Where,

A = the estimated soil loss (ton/acre-year),

R = the rainfall and runoff factor (hundreds ofdtf-in/acre-yr),

K = the soil erodibility factor (ton-acre-h/hundeedf acre-ft-tonf-in),

L = the slope length factor,

S = the slope steepness factor,

C = the cover and management factor,

P = the supporting practice factor.

2.5.2 Regression analysis and models

In the multiple regression analysis, each predietsiable is weighted, the
weights denoting their relative contribution to theverall prediction. In
calculating the weights, the regression analysiscguture ensures maximal
prediction from the set of independent variableghe variate. The computer
software, SAS, a statistical data analysis package applied to conduct the
regression analysis in this research.

Kurien and George (1998) developed an oscillatudgniy tip type rainfall
simulator to study the soil loss and runoff at KCAETavanur. Empirical
equation between soil loss and intensity, runoffl amensity was obtained for
different land slopes as,

E =-982.384 + 2834.63 S + 225.239 | &%)
Q=-216.174 + 1104.65 S + 79.375 | (B82)
Where,
| - Intensity of rainfaltri/h) ranging from 4.77 to 8.8 cm/h,



S - Soil slope (per cent)giauig from 5 to 20 per cent,
E - Soil loss (kg/ha/h),
Q - Runoff (m3/ha/h),
R - Coefficient of multiptegression.

Hu Liu (1999) reported that the linear least-squagression analysis was
performed to examine how variations in soil erosaomount can be explained by
various soil and rainfall properties. The lineaadesquare regression utilizes the
relation between two or more quantitative varialdesthat one variable can be
predicted from the other or others with minimum swmsquared errors of
prediction.

In statistics, linear regression is a type of regi@n analysis used for
predicting the outcome of a dependent variablegdbas one or more predictor
variables. Regression analysis measures the medaijp between a dependent
variable and, usually, one or several continuoudependent variables by
converting the dependent variable to probabilitgres. Then, a logistic regression
is formed, which predicts success or failure ofivaely binary variable (e.g. 1 =
“presence of erosion” and 0 = “no erosion”) for arslue of the independent
variables (Todd, 2006).

Sajeenat al. (2013) studied the runoff and soil loss on slogaying from
5 to 25 per cent in KCAET, Tavanur using oscillgtitubing tip type rainfall
simulator. Tests were conducted at the selectedsities of rainfall ranging from
7.41 to 23 cm/h to study the effect of intensityramhfall on runoff and soil loss.
The tests were done on three series of lateritessyi; Mannamkulam series,
Naduvattom and Vellanikkara series of soil. A rielaship between intensity and
soil loss; intensity and runoff of the followingrfo was obtained at different land
slopes.

Mannamkulam series,

E=1167.797 | + 109 S — 21686.07 =(®90)

Q =65.016 1 +16.747 S — 235.923 =(®99)
Naduvattom series,

E =324.766 | + 112.799 S — 3912.219 ®RsY)



Q=74.542 1+ 19.434 S — 394.323 R =(0.99)
Vellanikkara series,
E =1115.662 | + 431.064 S — 11512.284 (R98D
Q =58.742 |+ 26.837 S — 310.019 R =(0.99)
Where,

| - intensity of rainfall (cm/h) ranging from 7.4 23 cm/h,
S - land slope per cent, ranging frgrarxcent to 25 per cent,
E - soil loss (kg/ha/h),
Q - runoff (rfiha/h),
R - coefficient of multiple regression.
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CHAPTER 3
MATERIALS AND METHODS

The present study was carried out in KCAET camawvanur. A
laboratory study was conducted to evaluate theopednce of the developed
rainfall simulator. Micro soil loss plots were dstahed to study the erosion
process. The soil is reddish brown and belongbdddxtural class of sandy loam
of Naduvattom series. The experimental set up stetiof three units viz., the
runoff plot, the rainfall simulator and the runsidiment collection unit. Twelve
runoff plots with twelve different slopes of 1.5022.6, 3.0, 3.2, 4.0, 5.0, 6.0,
9.0, 10, 12 and 13 per cent and each with a si2exaf.5 m were prepared.

The rainfall simulator designed and fabricated dapply the desired flow
over the runoff plot. The runoff containing the ®eents was collected at the
outlet for analysis. The designed intensity of wat@s applied over the runoff
plot using the rainfall simulator developed usRginbird 12/15/18 Van Pop up
sprinklers. The materials used and methodology tedoduring the study are
described in this chapter.

3.1 Design and fabrication of rainfall simulator

A pressurized nozzle type rainfall simulator usigp-up sprinkler was
designed and fabricated@he simulator consisted &ainbird 12/15/18 Van Pop
up sprinkler heads with pressurized water supfe principle behind the use of
pressurized water is that drops sprayed out of zzlaaunder pressure have an
initial velocity imparted to them which should héfgcient for the drops to reach
their terminal velocity at considerably less fadlight than for drops falling from
the skies. This reduction in necessary fall heigtd notable advantage for these
simulators over those which rely on gravity andefri@all of drops to attain
terminal velocity.

Supply and discharge consisted of an elbow to cdrenevater supply pipe
to the sprinkler system, two fast closing cut afwes: one opening or closing the
interflow of water to the sprinklers and anothdowing the discharge of water
from the system when the sprinkler interflow wagsed. It also had a pressure

regulation valve for the functioning of the spriekd. The pressure of the supplied



water determined the rainfall characteristics sated. Most pressurised rainfall
simulators use a range of pressures between 0d35.48 kg/crh.
3.1.1 Selection of intensity of rainfall

Langsholt (1992) conducted studies on the wateanioal in the lateritic
terrain of Kerala. She reported that the maximutanisity of 10-minutes rainfall
recorded was 78.6 mm/h, the simulator was desigimedoroduce rainfall
intensities up to 88 mm/h.

Rainfall simulators should be able to simulate anber of design storms,
especially medium to high intensity events, asdha® likely to be associated
with measurable amounts of soil loss. Rainfall mhesuniform in space and time
during the course of experimental studies. So tivensity must be tested with
respect to space and time.

3.1.2 Design of the supporting frame work

Rainfall was simulated usingainbird 12/15/18 Van Pop up sprinkler
heads. In order to support the entire sprinklet, umiframe was fabricated. A
square frame work of 3m x 3m was fabricated wittCRpe of diameter 25 mm.
The pipes were joined at the corners using an elboade of PVC of diameter 32
mm. Each sprinkler was fitted at the centre poinglbsides of the square frame
using 20 mm diameter MTA to the PVC riser of 15 mliaameter to 50 cm height.

The frame work was supported by legs of heightraatthe four corners.



Plate 1. Installation of rainfall simulator on micro plot

3.1.3 Selection of sprinkler heads for rainfall simalator



The sprinklers used for the study are the Pop-unldprs with adjustable
nozzles. The Pop-up sprinklers used weenbird make to 12/15/18 Van type.
The sprinkler unit was connected to the risersrandnted onto the framework. It
can be operated at 0-2 kgftin adjustable spray pattern from 25 to 360he
maximum diameter of throw of the selected sprinkies 4 m. The simulated
rainfall could produce rainfall of intensities varg from 8.16 to 8.8 cm/h.

Four sprinkler heads were selected accordinglyeiongaximum intensity
and uniformity. Each sprinkler was connected toriker using female threaded
adaptor and mounted on the framework. The spacitgden the sprinklers was

fixed as 3m in order to get maximum intensity amifarmity within the study

area. The developed rainfall simulator has showd®late 2.




Plate 2. Rainfall
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Fig. 1. Top view of rainfall simulator

3.2 Installation of rainfall simulator

The rainfall simulator was tested in the Soil andt® Conservation
laboratory for intensity, uniformity and averageoplrsize of simulated rainfall.
Later it was transferred to the experimental sie the erosion study. The
experimental sites were located at the KCAET cangres. The installation of
rainfall simulator on micro plot has showed in Blat

3.2.1 Experimental set up

A framework was developed to support the sprinkl&rgank of 2000 litre
capacity was used to hold the water and an elegtotor was used to pump the
water from the tank. A PVC pipe was connected &ofilker unit before the inflow
and the framework for the rainfall simulation wattetl on this PVC pipe and
there were two inflows into the sprinklers to siatel the rainfall. The final set up

of rainfall simulator was placed over the micro tpilo order to get maximum



uniformity of rainfall to produce runoff and sodds. The experimental setup has

showed in Plate 3.



Plate 3. Experimental set up

3.2.2 Water supply to the rainfall simulator

The water supply to the sprinkler system was pmreyidsing a PVC elbow
attached from a filter unit. Two fast closing ctitwalves are fitted for opening or
closing the inflow of water to the sprinklers antbther allowing the discharge of

water from the system when the sprinkler interflmas closed (connected to an



evacuation hose); furthermore, it had a pressugulagon valve for the
functioning of the sprinklers as shown in PlateAddischarge cut off valve was
provided immediately before the frame work to operthe simulator water
supply without delay. An electrically operated ridungal pump was used to lift
water from a storage tank of 2000 litres capaaity & supply to the simulator.

The specifications of the motor pump as follows:

Size(mm) :25x 25
Head (m) : 20

Head range :17.0-23.0
Capacity range (Ips) :0.6-1.8
Rpm : 2200
Kw/Hp :0.75/ 1.02
Overall efficiency (%) +28.0

PH-1; 50 Hz; 210V; 5.5 A



Plate 4. Water supply to the rainfall simulator



3.2.3Testing of rainfall simulator
3.2.3.1 Intensity

The pressure of supply water was maintained ak@§/&mz2. The entrapped
air was removed and the simulator was operatedlyffee10 minutes. Catch cans
were placed at 50 cm grid spacing below the siroubatile raining as shown in
Plate 5. The catch cans were reasonably small aontleasurements were not
impractical. Catch cans with thirteen centimetranteter were used. The amount
of water collected over a time in each catch cas wanverted into intensity by

using the following formula,

Intensity (mm/h) =
Amount of rainfall collected [:cmg}] 60 10
[Area of catch can (cm32)] ® [Time of test (minutes)] 1

The unit was operated for 10 minutes. The volumavafer collected in
each can was recorded. The volume of water cotleatas converted into its
equivalent depth. The test was repeated for diftepeessure. The intensity was
calculated for each supply pressure of water.
3.2.3.2 Uniformity

The pressure of supply water was maintained ak@/é&mz2. The entrapped
air was removed. Catch cans were placed in theataan50 cm grid stations. The
unit was operated for 10 minutes. The volume ofewabllected in each can was
recorded and was converted into its equivalentideptrainfall. The uniformity

coefficient (Cu) percent was calculated using theisTiansen’s formula (1942);

Zx
Cu=100(1 ——
TR
Where,

Cu - Uniformity coefficierger cent

m - Average value of all ebstions, mm

n - Number of observations

X - Numerical deviation of imdiual observations from the

average application rate.



The uniformity coefficient was calculated for thener area of size 2 m x

1.5 m. The experiment was repeated for varioussities of rainfall.

Plate 5. Rainfall simulator testing



3.2.3.3 Average drop size

Elwell and Makwanga (1980) explained how raindropa be caught in a
heavy, dense liquid such as a high quality vacuumpoil or solvent, where the
drops are held without absorption by the oil oriEmfluid. The raindrops are
captured without deformation from their originabgle (Sheltort al, 1985). This
makes measurement of drop diameter much easiere &ne minimal evaporation
losses between drop formation and capture alsotivghmethod.

In this study petroleum jelly was used as the déluse and it was smeared
to a thin layer over a glass plate as shown inePéatThe drop diameters were

measured from the photographs and using graphssakset



Plate 6. Testing for average drop size of simulateginfall



3.3 Determination of soil properties

The soil in the study area could very preciselyigleged by knowing the
physical properties. A study was taken to work the physical properties in
terms of texture and consistency.

3.3.1 Texture analysis

Texture analysis of the soil was done by deternginihe particle size
distribution. The analysis was performed at tw@esa (1) sieve analysis and (2)
sedimentation analysis.

3.3.1.1 Sieve analysis

The soil sample was collected and dried in the ateh04°c for 24 hours.
From the dried soil 375g was taken for the analyble analysis consisted of
coarse and fine analysis. A set of 2mm, 1mm, 6@QOU, 212, 150u and 75u
sieves were used. The set of sieves were placedlooee the other on a hand
sieve shaker such that the 2mm sieve containingdiiesample was on the top
and the 75u sieve at the bottom, with a receivésvbé. The sieve shaker was
operated for 10 minutes and the portion retaine@amh sieve was weighed and
noted. The percentage of soil retained on eacte si&s worked out on the basis
of the total mass of soil sample taken and frors tksults, percentage passing
through each sieve was calculated. If the portiassng 75 size is substantial,
wet analysis has done for further sub-division aftigle size distribution (Punmia
et al, 2005).

3.3.1.2 Sedimentation analysis

The sedimentation analysis was done with the hélp bydrometer. The
hydrometer analysis is based on Stoke’s law, acegrid which the velocity, at
which grains settle out of suspension, all othetdiss being equal, is dependent
upon the shape, weight band size of the grain.gloDsoil was first treated with
hydrogen peroxide solution to remove organic makeNext, the soil was treated
with 0.2 N hydrochloric acid to remove calcium campds, or if any. After



washing the mixture with warm water till there wasacid reaction to litmus, the
oven dried soil was weighed and 100 ml dispersiggna (sodium hexa

metaphosphate) was added. The soil suspension assed through a 75 micron
IS sieve; the mass of those passing through tlve svas transferred to a 1000 ml
measuring cylinder making up the volume accurdi@l¥000 ml. The hydrometer
was immersed in it and the readings were takeriffgreht time intervals. The

percentage finer (N) was determined and a partide distribution curve was

plotted (Punmiaet al, 2005).

3.3.2 Consistency

Consistency limits which are most useful for engnmeg purposes are
liquid limit and plastic limit. These limits are gressed on a water content index
(Punmiaet al, 2005).

3.3.2.1 Liquid limit
The liquid limit was determined with the help oktktandard liquid limit

apparatus designed by Cassagrande. About 120hg apecimen passing through
425 sieve was mixed thoroughly with distilled wateform a uniform paste. A
portion of the paste was placed in the cup of tlss@grande apparatus and
spreading to position and a groove was made onpsbilising the Cassagrande
BS tool. The number of blows required for the twartp of the soil sample to
come to contact at the bottom of the groove wasdothe water content was
determined by taking soil sample from near theediogroove and subjecting it to
oven drying method. A graph was plotted betweenbemof blows as abscissa
on a logarithmic scale and the corresponding waiatent as ordinate. The water
content corresponding to 25 blows was taken adidgoé limit (Punmiaet al,
2005).
3.3.2.2 Plastic limit

The soil specimen, passing through 425u sieve wasdrihoroughly with
distilled water so that the soil mass could belgasoulded with fingers. A ball
was formed of 10 g of the soil mass and rolled betwfingers and a glass plate
into a thread of uniform diameter. When the diametas 3 mm, the soil was

remoulded again into ball. The process of rolling &moulding was repeated till



the thread starts just crumbling at a diameter afr8. The water content of the
crumble threads was determined. The test was mgpdatice with the fresh
samples. The plastic limit was taken as the aveodgbe three water contents
(Punmiaet al, 2005).
3.4 Soil Erosion Estimation
3.4.1 Establishment of micro plot

Erosion plots were established for monitoring rdireofd soil loss with the
size of 1.5 m wide and 2 m in length as shown atéPY. Twelve micro plots with
twelve different slopes were prepared. The ploesiwvere selected with the
agreement of Meyer (1988) that the plot area shbdaldof sufficient size for
satisfactory representation of treatments and @nosonditions. The plots were
delineated at its four sides by raising the soreleo form bunds with 10 cm
height. The bunds were raised to a level suchttietvater falling over the plot
does not over flow to the surrounding area. At tibye of the erosion plot, the
bunds were made at right angles for the cornershébottom edge of each plot
the bunds were angled across the slope towardsngutar tray made of 22 gauge
Gl sheet. The runoff generated in the plot wasctie to a collector using the
triangular tray. The tray had a cover made of thmes material to prevent the
simulated rain falling outside the test plot fronximg with the runoff. The outlet
of the tray was directed to a catch pit of sizexLiim x 1m. The rainfall simulator
was placed over the plot in order to get maximunfoamity over the plot. The
runoff was collected in collection bucket placedhe pit after 5 minute duration.



Plate 7. Erosion plot
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Fig. 2. Rainfall simulator and soil erosion plot



3.4.2 Study of runoff

The experimental plot was exposed to a simulatedathof intensity 8.16
cm/h by adjusting the pressure of water supply. fHi@all simulator in operation
on erosion plot has showed in Plate 8. A wet rua gigen until a steady state of
runoff generatedn the plot. The runoff with eroded soil was cotlgt in a
collection bucket placed in the catch pit below tha&row channel of the
triangular tray for a period of 5 minutes. The amtoof runoff was recorded. The
same procedure was repeated for rainfall of intexssB.28, 8.44 and 8.8 cm/h

and collected the corresponding runoff with erogei



Optimized by

Plate 8. Rainfall simulator in operation on erosiorplot



3.4.3 Computation of sediment load

The runoff sample was allowed to settle for a kb one week. Then the
clear water was removed and the sediment was d$egatay evaporation
technique. The weight of the sediment was recordiad. test was conducted for
rainfall of intensities 8.16, 8.28, 8.44 and 8.8/ltknThe same procedure was
repeated for other plots. The runoff and sedimefiection unit has showed in
Plate 9.



Plate 9. Runoff and sediment collection unit



3.5 Data analysis and model development
3.5.1 Regression Analysis

The linear least-square regression analysis wdsrperd to examine how
variations in soil erosion are influenced by vasalope and rainfall intensities.
The linear least square regression utilizes thatioel between two or more
quantitative variables so that one variable carpteglicted from the other, or
others with minimum sum of squared errors of prigaiic In the present study, the
dependent (criterion) variables are soil loss andoff and the independent
(prediction) variables are slope and intensityaohfiall. First, univariate tests are
performed to determine the correlation betweemgitg-pressure and uniformity-
pressure. Second, a multiple regression analyss peaformed to analyze the
relation between the slope, intensity and soil lassvell as slope, intensity and
runoff. In the multiple regression analysis, eastdpctor variable is weighted, the
weights denoting their relative contribution to treverall prediction. In
calculating the weights, the regression analysigcgnure ensures maximal
prediction from the set of independent variableghe variate. The computer
software, SPSS, a statistical data analysis package applied to conduct the
regression analysis in this research.
3.5.2 3D Surface plot Analysis

Computer software, MATLAB (a statistical data ars#dypackages) was
used as the surface fitting tool to develop the \B®ws for representing the
relation between slope, intensity and soil losswa#l as slope, intensity and
runoff. The erosion prediction equations were aleeeloped from the 3D surface

plot analysis.
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CHAPTER 4
RESULTS AND DISCUSSION

A rainfall simulator was developed and tested tieiaeine the intensity and
uniformity of application of the rainfall producedAfter the performance
evaluation of the simulator, it was used for ernsstudies. The results of the
study are presented in this chapter.
4.1 Testing of rainfall simulator
4.1.1 Intensity of rainfall

The simulator was tested under various intensdfesainfall produced by
changing the supply pressure of water to the sitould he intensity of rainfall
produced at each supply pressure was measurede3hies are given in Table 1.
It was found that the intensity of simulated ralihfiacreased with the increase in
supply pressure. A maximum intensity of 8.80 cmédswbtained for a pressure
of 2 kg/cnf. The intensity reduced to 8.16 cm/h for a suppigspure of 0.5
kg/cnf. The increase in intensity with pressure was du¢hé increase in the

application rate of water.

Sheltonet al (1985) experienced similar results using nozyfee trainfall
simulatorsCerdaet al (1997) used small diameter nozzles for rainfathgration
and experienced a drop in rainfall intensity, mdewp size and KE with increase
in applied pressure. The effect noticed was dueldoreased drop sizes. The
uniformity increased to a maximum at approximatély mm/h intensity of

rainfall and then decreased.

A graph was plotted with the supply pressure asigbs and intensity as
ordinate and is shown in Fig. 3. A relationshipwestn supply pressure and

intensity of rainfall of the following form was aihed.

|I= 0.24F - 0.184P + 8.2 (R2 = 0.994)
Where,
| - Intensity of rainfall (cm/h),

P - Supply pressure (kg/én



4.1.2 Uniformity of rainfall

The Christiansen’s uniformity coefficient was wadkeut at different
intensities of rainfall and the results are givenTiable 2. As per Keller and
Bliesner (1990) the coefficient of uniformity depksnon the design variables of
the system such as the size and type of nozzlesyre and sprinkler spacing. A
uniformity of 92.70 per cent was obtained at arensity of 8.8 cm/h. The
uniformity coefficient reduced to 89.01 per centaatintensity of 8.16 cm/h. At
higher pressures of application the variation & discharge from sprinkler heads
was less and this in turn gave higher values dbumity. Fisteret al. (2012) and
Lascancet al. (1997) could get uniformities ranging between t8®4 per cent
on a 1.25 rhplot with sprinkler nozzles.

According to Moazeckt al. (2010) simulated rainfall could be considered
uniform when uniformity is higher than 80 per cefite uniformities worked out
in the present study ranged from 89.01 to 92.70cpet. So from the results it
could be seen that the performance was satisfadtony the point of view of
uniformity. A graph plotted with the intensity a®saissa and uniformity as
ordinate is shown in Fig. 4. From the graph it doo¢ seen that the uniformity of
simulated rainfall increased with increase of istgnof simulated rainfall. A
relationship between intensity and uniformity oé flollowing form was obtained.

Cu =2.179F - 31.301 + 199.3 (R2 = 0.997)

Where,

Cu - uniformity coefficient (%),
| - intensity (cm/h)
4.1.3 Average diameter of rain drops

In the present study the diameter of rain drops maasured at different
intensities of rainfall and the results are givermable 3. An average diameter of
2.8 mm was obtained for an intensity of 8.16 critfe average diameter reduced
to 1.5 mm for a simulated intensity of 8.8 cm/h.céding to Kohl (1974) low
intensity rainfall simulators operating at low mese result in large drop sizes,
while drop size decreases with higher pressuresthéunore, as pressure is

increased to reduce the drop size, the applicatittngenerally increases (Shelton



et al.,, 1985). In the case of natural rainfall, medrop size increases with
increasing rainfall intensity due to high drop mass fall velocity. In a network

of nozzles, an increase in working pressure ineedke average intensity but
decreases the drop sizes (Munn, 1974).

As mentioned above, the result showed that at inigimsity of rainfall there
was a reduction in the droplet size as demonstrateBig. 5. This was in
agreement with the findings of Sheltenal (1985).

But Hafzullah (2012) reported an opposite resultressmean diameter of
rainfall was increased with increase of rainfalteimsity. Because he used a
periodically oscillating bar attached with nozzlies constructing the rainfall
simulator. This is a fact already mentioned by @edal. (1997) among others,
who stated that lower spraying velocity and incirega®scillation result in larger
drops.

A relationship between intensity and diameter @& tbllowing form was

obtained as shown in Table 3.



Table 1. Effect of supply pressure on intensity asimulated rainfall

Pressure (kg/cn? Intensity (cm/h)
0.5 8.16
1.0 8.28
1.5 8.44
2.0 8.80

Table 2. Effect of intensity of simulated rainfallon uniformity

Intensity (cm/h) Uniformity (%)
8.16 89.01
8.28 89.72
8.44 90.36
8.80 92.70

Table 3. Effect of intensity of rainfall on averag@ drop diameter

Intensity (cm/h) Average Drop diameter D (mm)
8.16 2.80
8.28 2.20
8.44 1.90
8.80 1.50
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4.2 Soil physical properties
4.2.1 Texture analysis

Soil texture analysis could help to understandtéx¢ural properties of the
soil. The sieve analysis and hydrometer analysi®whosen as the soil textural
analysis methods in this study. The relative prbpos of the different grain sizes
which make up the soil mass of each plot of soksendetermined. The result
showed that the soil belongs to the class sandy.loa

Finkel (1986) pointed out that the amount of solling at the bottom of
surface flow increases with the velocity of theeatn and decreases with the soil
particle size. Chow and Rees (1994) studied thecefif content and size of soill
coarse fragments on soil erosion. He reported ttieatrunoff and soil loss were
found to decrease with increasing size and corteobarse fragments. Bradford
and Foster (1996) reported that sediment sizeinfilience on sediment yield and
the splash process.

The particle size distribution curve of soils otkalot is given in Fig. 6.

The results of sieve and sedimentation analysiskawe/n in Appendix VII.
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4.2.2 Soil Consistency

Consistency limits which are most useful for engnreg purposes are
liquid limit and plastic limit. Consistency denotté®e firmness of the soil which
may be termed as soft, firm, stiff or hard. Romkehal. (2001) observed that the
total sediment yield for the initially smooth swés was generally appreciably
smaller than that for the initially medium-roughdarmmugh surface conditions for
corresponding slope steepness and rainstorm ityeegimes.

Experiments were conducted to evaluate the liqoa @astic limits of the
soils and the results are given in Table 4.

Table 4. Consistency of soils

Antecedent A o
Moisture Content Liquid limit (%) Plastic limit ( % )
(%)
21.24 22.27 26.86

4.3 Micro soil loss plots for erosion study

Twelve numbers of micro soil loss plots of size h% 2 m were prepared
on twelve different land slopes ranged from 1.83@er cent. The micro soil loss
plots were selected on the bare soils under naturadiition. Hence the results
showed a fast and higher runoff and soil loss at éand slope compared to the
previous studies (Sajeeeaal, 2013) which are carried out in disturbed sod an
covered with or without vegetation.

Humphry et al. (2002) conducted a similar study using a portablefall
simulator over a 1.5 m x 2 m plot area with a acedfht of uniformity of 93 per
cent. He stated that the selected micro plot sias sufficient for the detailed
study of runoff and soil loss under simulated ralinfonditions on different land
slopes.

With this agreement of Humphmt al. (2002), the selected plot size was
sufficient for uniform distribution of rainfall wht the rainfall intensities ranged



from 8.16 to 8.80 cm/h and detailed study of ruranffl soil loss under simulated
rainfall conditions on different land slopes.
4.4 Soil loss and runoff study

A rainfall simulator was developed in the studyeobsion from 12 micro
soil erosion plots selected in the lateritic texrdihe micro soil erosion plots were
of size 2 m x 1.5 m. Vahabi and Nikkami (2008) néed that small erosion plots
will allow the control of most influences, suchsispe, soil texture, and moisture
content, and thus the impact of one specific facéor be investigated.

The soil was found to be sandy loam and belongelatuvattomseries.
Ekwue and Harrilal (2010) reported that soil losasweonsistently highest and
runoff was consistently lowest in the sandy loarih Jdne larger size of the sandy
loam soil led to greater presence of large porasiwénhanced infiltration. Hence
the result showed low surface runoff. However, dased soil cohesiveness and
the presence of more loose detached sand pargcissred that the soil had
greater soil loss.

The soil loss and runoff were measured at diffenatensities of rainfall on
different slopes.
4.4.1Effect of intensity of rainfall on runoff

The effect of intensity of rainfall on runoff unddifferent land slopes was
studied. The simulated rainfall intensities at eliéint supply pressures were
measured to 8.16, 8.28, 8.44 and 8.8 cm/h. Tegsts eanducted at all intensities
on the twelve test plots identified on twelve diffiet slopes. The obtained results
are presented in Appendix .

The results were found that the maximum runoff 23@r/ha/h was
measured at the highest intensity of 8.8 cm/h aedunoff was found to be less
at the lowest intensity of rainfall on each slope.

Sajeenaet al. (2013) also showed the similar results that rumodfeased
with increase in intensity of rainfall under diféat slopes in all three series of
soils studied.

Graph plotted between runoff and intensity for esest plot is shown in
Fig. 7.



4.4.2 Effect of land slope on runoff

The effect of land slope on runoff was obtainednibgasuring the runoff
under twelve different land slopes on the testgldte slopes were selected on
bare soil surfaces and the slopes ranging fromp&5 cent to 13 per cent.
Simulation studies were conducted at intensitie8.06, 8.28, 8.44 and 8.8 cm/h
at each test plots. The results obtained are shovppendix II.

The result found that at 1.5 per cent slope theoffunbtained for an
intensity of 8.16 cm/h was 44%ha/h. On increasing the intensity to 8.28 cm/h,
the runoff increased to 52.4%hna/h and the runoff reached a value of 6%harh
at 8.8 cm/h intensity. It was observed that asslbpe increases the runoff also
increases. The maximum runoff was obtained fromptloé of 13 per cent at an
intensity of 8.8 cm/h and was 230.3/ha/h.

Romkens et al. (2001) noted the similar resultsnaofeased runoff with the
increased intensity of rainfall and slope steepngesna and Devidas (2010) also
found that the runoff was less at gentle slopesranck at steep slopes on bare
soil surfaces.

The graph plotted in between slope and runoff @aghin Fig.8. From the
graph also it is clear that the runoff increases wie slope. Furthermore it can be
noticed that at 4 to 6 per cent slope there waseatgr increase of runoff with
increase of intensity and at 6 to 10 per cent sliygge was no considerable
change in the runoff values and it did not show Imuariations at all intensities.
When the slope increased to 13 per cent, thereetba further increase of runoff

at all intensities simulated rainfall.
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4.4 .3 Effect of rainfall on soil loss

Experiments were conducted to studyetfiect of intensity of rainfall on
soil erosion. The field study was made at the isitess of 8.16, 8.28, 8.44 and 8.8
cm/h. Tests were conducted at the selected pldts warying land slopes. The
results obtained are presented in Appendix IV.

The result showed that the maximum soil loss 28&h was obtained at
an intensity of 8.8 cm/h on 13% slope and thelss# decreases with decrease in
intensity of simulated rainfall. Furthermore it ¢d@lso be found that the soil loss
decreased with decrease in intensity at every érpet conducted on each
twelve micro plot. This result is because of highanfall intensities have more
net kinetic energy to apply to the surface to ertite soil, and the increased
runoff volume will transport more eroded soil aweym the site (Hu Liu ,1999).

Kurien and George (1998) developed an oscillatudgnig tip type rainfall
simulator using hypodermic needles to study théless and runoff. They have
also observed the similar results that the soit Ioereased with intensity of
rainfall for all the slopes.

Romkenset al. (2001) also agreed that the sediment concentration
increased gradually with the data of the increasimgnsity sequence. These
increases are due to the development of rills @gsions in the soil bed following
the breakdown of the surface seal.

Graphs plotted between soil loss and intensityanifall for each plot is
shown in Fig.9.

4.4.4 Effect of land slope on soil loss

To study the effect of land slope on soil erositre experiments were
conducted at different slopes. The selected slemgs ranged from 1.5 to 13%.
As mentioned above the experiments were condudtedemsities of 8.16, 8.28,
8.44 and 8.8 cm/h on the selected test plots. Téwmilts are showed in
AppendixV.

It was found that at an intensity of 8.16 cm/h $lod loss from 1.5 per cent
slope was 10.8 kg/ha/h, whereas the value increasgd.3 kg/ha/h for 2 per cent
slope. At a higher intensity of 8.8 cm/h, the $ods from the plot of 1.5 per cent



slope was 40.8 kg/ha/h while it was 300 kg/ha/h whlbpe was increased to
13per cent. A general trend of increase in thelesg with the slope is seen from
whole observations.

Higaki et al (1999) reported the similar results in his stutihgt surface
erosion rate on laterite slopes was increasedingtiease of slope.

Kinnell (2000) reported that sediment concentrationflow from side
slopes increased with slope gradient, particul#rithis exceeded 1Oper cent.
However, studying erosion from small plots withpeogradients of 4per cent and
8 per cent in tilled fields, Chaplot and Bissonn@803) reported that sediment
concentration in runoff was not correlated withpgl@radient.

Suhua Fu (2009) reported that the total soil loas mcreased with slope,
and then decreased after a maximum value was reéadeealso indicated that the
slope gradient has greatest effect on down slopeesision and least impact on
lateral erosion.

A graph was plotted in between slope and soil Esshown in Fig. 10.
From the graph it can be seen that there was adayable increase of soil loss at
1.5 to 2 per cent slope at all intensity of simedhtainfall and then the solil loss
decreased at 3 to 5 per cent slopes. The soildb$sto 10 per cent slope was
found to be without any noticeable differences.sTimay be due to the fact that
the observed runoff at 6 to 10 per cent slope wasst similar. Ben-Hur, (2006)
also showed the same results that for the mildesiayf five per cent and nine per
cent, the sediment concentration is stable, whighldc characterize either a
transport limited or a detachment limited process.

And after that the graph showed that the soil lagain increased to its
maximum level at the maximum slope of 13 per ceneach application of

intensity of simulated rainfall.
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4.5 Data analysis and model development

Linear multiple regression equations showing thfeotfof land slope and
intensity of rainfall on runoff as well as soil fosvere worked out using SPSS
software. Theesults of regression analysis are described ireAgix Il and VI.
The results observed from the output tables amudsed below.
4.5.1 Regression analysis of runoff
Statistical significance

The F-ratio in theANOVA table tested whether the overall regression
model is a good fit for the data. The table shothed the independent variables
such as slope and intensity were statisticallyiBggmtly predicted the dependent
variable runoff, F (2, 45) = 41.58p,< .0005 (i.e., the regression model is a good
fit of the data).
Estimated model coefficients

The general form of the equation to predict ruriadm slope and intensity

was:

Q=38.9451-11.606 S~ - 126.391 R=0.649)
This relationship was developed from the Coeffitsaable.
Where,

Q = Runoff in ftha/h
| = Intensity of rainfall in cm/h,nriging from 8.16 to 8.8 cm/h
S = Land slope in per cent, rangnogf 1.5 to 13 per cent
R = Coefficient of multiple regression
Statistical significance of the independent variates
From the coefficient table it was found that slagpestatistically significant
at 0.01 levels and the intensity is statisticallyngficant at 0.1 levels to predict
runoft.
4.5.2 Regression analysis of soil loss
Statistical significance
The ANOVA table showed that the independent végbuch as slope and
intensity were statistically significantly predidt¢he dependent variable soil loss,
F (2, 45) = 9.507, p < .0005 (i.e., the regressnmalel is a good fit of the data).



Estimated model coefficients

The general form of the equation to predict sa@klérom slope and intensity was:

E =124.356 | *** - 0.807 S *-951.420 (R?=0.307)
This relationship was established from the Coedfits table.
Where,

E = Soil loss in kg/ha/h
| = Intensity of rainfall in cm/h, rgimg from 8.16 to 8.8 cm/h
S = Land slope in per cent, rangimgrrl.5 to 13 per cent
R = Coefficient of multiple regression
Statistical significance of the independent variatds

From the coefficient table it was found that slopestatistically significant
at 0.1 levels and the intensity is statisticallgngiicant at 0.01 levels to predict
runoft.

As the variants explained was satisfactorily enoiagéxplain the runoff and
soil loss, it may be concluded that the causatetors namely slope and intensity
are bearing directive impact on soil erosion.

*** denotes “significant at 1 per cent level”.

* denotes “significant at 10 per centei.
4.6 3D Surface plot Analysis

Exact relationship can be measured if responsartdce could be fitted for
runoff and soil loss based on slope and intenditye same was fitted using
MATLAB package. The results are as follows;

Q=130.8-28.72S +48.12 1+ 2.14-81.544 S |

E=-647.4—-49.261+86.94S —0.32066.296 S |

Where,
Q = Runoff in ftha/h
| = Intensity of rainfall in cm/h,nriging from 8.16 to 8.8 cm/h
S = Land slope in per cent, rangiogf 1.5 to 13 per cent
E = Solil loss in kg/ha/h
These equations are representing quadratic models.



In statistics, linear regression is a type of regi@n analysis used for
predicting the outcome of a dependent variablegdbas one or more predictor
variables. Regression analysis measures the mthijp between a dependent
variable and, usually, one or several continuoudependent variables by
converting the dependent variable to probabilitgres. Then, a logistic regression
is formed, which predicts success or failure ofivaelg binary variable (e.g. 1 =
“presence of erosion” and 0 = “no erosion”) for arglue of the independent
variables (Todd, 2006).

3D graph was plotted using MATLAB for representthg relation between
slope, intensity and soil loss as well as sloptenisity and runoff as shown in
Fig.11 and Fig.12.
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4.7 Canonical Analysis

The vector of parameters using slope and intertgtgrmine the effect on
runoff and soil loss. Since a vector of charactegswas involved together as a
cause and effect phenomenon, it was most apprept@tuse multivariate
correlation to measure the relationship betweenseaand effect. Canonical
correlation was found to be more suitable to exptlhe relationship.

Canonical R was computed and the same was 0.820B# ia significant at
1 per cent level. Hence it may be concluded thatvisctor of process including
slope and intensity as parameters together nagighee ultimate impact namely
runoff and soil loss.
4.8 Practical / Scientific Utility

Researchers studying runoff and soil loss fromfadlilmave recognized the
desirability of using rainfall simulators to supmplent and enhance their
investigations. The use of a rainfall simulatort@daa nearly immediate evaluation
of carefully controlled plot conditions as well apservations of the erosion
process involved. Knowledge of runoff and soil lesdues under varying field
conditions is predominant in the design of soilsEmation structures. In Kerala,
Laterite soils are the most important soil groupesong the largest area. The
lateritic terrain of Kerala occupies the midlangjiom of the state and this tract
can be considered as the backbone of the statdieSton soil erosion from
lateritic terrain are comparatively less. This stwdll provide useful information
in estimating soil erosion from laterite soil. Bms models are developed for
agricultural areas and are designed to comparageddannual rates of soil loss
from the field plots. The developed model will hétpquantifying the soil loss
from the test plots. This will help in the priométion of watersheds and design of
soil conservation structures.
4.9 Suggestions for future work

In this study the rainfall simulator was developesing Pop-up sprinklers
and the experiments were carried out with shoratilom of simulated rainfall on
1.5 x 2 m size micro plot. In future higher simuigt heads can be chosen for



developing rainfall simulator and the studies can darried out with longer
durations of rainfall and for larger sizes of figlibts.

The erosion experiments in this study were conduuatéhout considering
the influence of wind flow and the experimentaltplavere prepared on bare soil
only. So in future studies a detailed investigatisnsuggested for knowing
presumptive influence of wind flow, vegetative cowend other features on

erosion and runoff.
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CHAPTER 5
SUMMARY AND CONCLUSION

Research on erosion include the use of experimepkails for the
measurement of soil loss and surface runoff andofisainfall simulators using
which the characteristics of natural rains of daegan be reproduced at specific
time and place .Rainfall simulators are researolstdesigned to apply water in a
form similar to natural rainstorms. Rainfall simaes are widely used for
numerous soils agricultural and environmental ssidiparticularly for those
dealing with a phenomenon of soil erosion. The athge of using simulated
rainfall is the rapid data collection under relatiwuniform conditions.

Forty eight rainfall-induced soil erosion simulait$ were conducted to
assist in predicting soil loss during rainfall ezefrtificial rainfall was simulated
usingRainbird 12/15/18 Van Pop up sprinkler heads. A squamadr@ork made
of PVC pipe was fabricated, to support the entpen&ler unit. An electrically
operated centrifugal pump was used to lift watemfra storage tank of 2000 litres
capacity and to supply to the simulator. The rdirganulator was placed above
the micro plots of size 1.5 x 2 m. This experimésttup allowed to understand
the effects of rainfall characteristics on runaftizsoil los.

The performance of the rainfall simulator was eatdd by measuring the
intensity, depth and average drop diameter of stedlrainfall and uniformity of
simulated rainfall by changing the pressure of watgply in the laboratory.

The intensity of simulated rainfall was found smge between 8.16 to 8.8
cm/h, the depth ranged between 1.36 to 1.47 cmtlenéverage drop diameter
between 1.5 to 2.8 mm. The intensity and depthrofilated rainfall was found to
increase with the increase of supply pressure dcstimulator. The average drop
diameter of simulated rainfall was found to deceeagh the increase of intensity
of simulated rainfall and pressure of water supply.

From the test results a relationship was estaldidhetween intensity of
simulated rainfall and supply pressure of water as,

|= 0.24P 0.184P + 8.2 (R2 = 0.994)

Where,



| - intensity of rainfall (cm/h),
P - supply pressure (kg/én

Christiansen’s uniformity coefficients were workeout at different
intensities of rainfall. Higher values of uniformitoefficients were obtained at
higher intensities. The uniformity coefficients s from 89.01 to 92.07 per cent
corresponding to intensity variations ranging froBnlé to 8.8 cm/h. A
relationship between coefficient of uniformity aimdensity of simulated rainfall
was developed as,

Cu=2.179I2 - 31.301 + 199.8k2 = 0.997)

Where,

Cu - uniformity coefficient (%),
| - intensity (cm/h).

Twelve micro plots with twelve different slopes wasrepared. The area of
micro plots was taken as 2 x 1.5 m. Boundaries vpeepared by raising the
ground level to 10 cm height on each side of tlotaregular plot for preventing
the overflow from the test plot to the surroundingke collector was placed at
the down slope of the plot for directing the runiddfv to the collecting tank. The
rainfall simulator was placed over the plot in artleget maximum uniformity of
rainfall over the plot.

Physical properties of the soils were determin&te particle size
distribution curves when plotted showed that thiésseere sandy loam. The soil
belonged to Naduvattom series. The liquid limit gidstic limits of the soils
were 22.27 per cent and 26.86 per cent respectively

Tests were conducted to study soil loss and ruaioffinfall intensities of
8.16, 8.28, 8.44 and 8.8 cm/h. The runoff increasitd increase in the intensity
of rainfall for all runoff plots. A general trend mcrease in runoff with increase
in the land slope was observed for all the simdl@téensities of rainfall.

From the test results, it was found that the sxsklincreased with intensity
of rainfall and land slopes and there were no meariations on runoff and soil
loss at 6 to 10 per cent land slopes.



A linear multiple regression analysis was usedntmrporate slope and
rainfall intensities into a single prediction eqaatof soil loss and runoff.

The linear equations developed by the regressialysis are as follows:

Q=38.9451-11.606 S~ -126.391 = 0. 649)
E=124.3561 -0.807 S~ -951.420 (R= 0. 307)
Where,

Q = Runoff in ftha/h
| = Intensity of rainfall in cm/h,nriging from 8.16 to 8.8 cm/h
S = Land slope in per cent, rangnogf 1.5 to 13 per cent
R = Coefficient of multiple regression
E = Soil loss in kg/ha/h
As the variants explained was satisfactorily enotogéxplain the runoff and
soil loss, it may be concluded that the causatetors namely slope and intensity
are bearing directive impact on soil erosion.
*** denotes significant at 1 per cent level,
* denotes significant at 10 per cent leve
The erosion prediction equations were also develdpen the 3D surface
plot analysis using MATLAB package.
The results are as follows;
Q=130.8-28.72S +48.12 1+ 2.14-891.544 S |
E =-647.4—49.26 1+ 86.94 S — 0.32066.296 S |
A canonical analysis was worked out to determireedtfiect on runoff and
soil loss by the vector of parameters using slape iatensity. Canonical R was
computed and the same was 0.82034 and it is signifiat 1 per cent level. Hence
it may be concluded that the vector of processumiag slope and intensity as
parameters together navigates the ultimate impaety runoff and soil loss.
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Appendix |

Effect of intensity of rainfall on runoff at differ ent slopes

Slope (%) Intensity (cm/h) Runoff (n/ha/h)
8.8 66
8.44 56.8
1.5 8.28 52.4
8.16 44
8.8 70
8.44 68
2 8.28 60
8.16 46.8
8.8 92.6
8.44 88
2.6 8.28 86.8
8.16 80.4
8.8 96
8.44 92.2
3 8.28 75.2
8.16 74
8.8 102
8.44 92.8
3.2 8.28 88
8.16 84.6
8.8 109.6
8.44 93.2
4 8.28 86
8.16 82




8.8 180.6
8.44 172.4
5 8.28 168.5
8.16 166.2
8.8 192.6
8.44 188.8
6 8.28 178.2
8.16 170.3
8.8 198.2
8.44 189.7
9 8.28 179.6
8.16 170.3
8.8 206
8.44 176.6
10 8.28 160
8.16 150
8.8 206.4
8.44 198.3
12 8.28 197.4
8.16 166.5
8.8 230.2
8.44 218.6
13 8.28 207.8
8.16 202.5




Appendix I

Effect of land slope on runoff at different intensties

Intensity (cm/hr) Slope (%) Runoff (m3/ha/h)
8.8 15 66
8.44 56.8
8.28 52.4
8.16 44
8.8 2 70
8.44 68
8.28 60
8.16 46.8
8.8 2.6 92.6
8.44 88
8.28 86.8
8.16 80.4
8.8 3 96
8.44 92.2
8.28 75.2
8.16 74
8.8 3.2 102
8.44 92.8
8.28 88
8.16 84.6
8.8 4 109.6
8.44 93.2
8.28 86
8.16 82




8.8 5 180.6
8.44 172.4
8.28 168.5
8.16 166.2
8.8 6 192.6
8.44 188.8
8.28 178.2
8.16 170.3
8.8 9 198.2
8.44 189.7
8.28 179.6
8.16 170.3
8.8 10 206
8.44 176.6
8.28 160
8.16 150
8.8 12 206.4
8.44 198.3
8.28 197.4
8.16 166.5
8.8 13 230.2
8.44 218.6
8.28 207.8
8.16 202.5




Appendix I

Result of statistical analysis for runoff

Model Summary
Model| R |R Square Adjusted R Square|Std. Error of the Estimate
1 .806(a) .649 .633 34.8464¢
a Predictors: (Constant), INTENST, SLOPE
b Dependent Variable: RUNOFF
ANOVA
Model Sum of Squareq df |Mean Square| F Sig.
Regressior 100994.017 2 50497.00€¢41.586 .000(a
1 Residual 54642.39745 1214.27¢
Total 155636.41(47
a Predictors: (Constant), INTENST, SLOPE
b Dependent Variable: RUNOFF
Coefficients
Unstandardized Standardized
Coefficients Coefficients
Model Beta t |Sig.
B Std. Error
(Constant)| -126.391 176.08¢ -.718.477
1 SLOPE -11.606 1.300 -.789 8 927 .000
INTENST 38.945 20.884 .165| 1.865/.069

a Dependent Variable: RUNOFF




Appendix IV

Effect of intensity of rainfall on soil loss at diferent slopes

Slope (%) Intensity (cm/hr) Soil loss (kg/ha/h)
8.8 40.8
8.44 21.2
15 8.28 14
8.16 10.8
8.8 70.8
8.44 63.1
2 8.28 54.8
8.16 50.3
8.8 74.4
8.44 38.4
2.6 8.28 32.4
8.16 24.4
8.8 80.6
8.44 78.2
3 8.28 56.3
8.16 48.2
8.8 120
8.44 98
3.2 8.28 86
8.16 58
8.8 120.6
8.44 102.7
4 8.28 98.4
8.16 67.6




8.8 120.8
8.44 101.6
5 8.28 99.2
8.16 62.4
8.8 132.2
8.44 128.9
6 8.28 110.4
8.16 80.2
8.8 160
8.44 80
9 8.28 40
8.16 40
8.8 180
8.44 140
10 8.28 60
8.16 40
8.8 228
8.44 164.8
12 8.28 123.2
8.16 84.8
8.8 300
8.44 160
13 8.28 130
8.16 84.8




Appendix V

Effect of land slopes on soil loss at different raifall intensities

Intensity (cm/hr) Slope (%) Soil loss (kg/ha/h)
8.8 15 40.8
8.44 21.2
8.28 14
8.16 10.8
8.8 2 70.8
8.44 63.1
8.28 54.8
8.16 50.3
8.8 2.6 74.4
8.44 38.4
8.28 324
8.16 24.4
8.8 3 80.6
8.44 78.2
8.28 56.3
8.16 48.2
8.8 3.2 120
8.44 08
8.28 86
8.16 58
8.8 4 120.6
8.44 102.7
8.28 98.4
8.16 67.6




8.8 S 120.8
8.44 101.6
8.28 99.2
8.16 62.4
8.8 6 132.2
8.44 128.9
8.28 110.4
8.16 80.2
8.8 9 160
8.44 80

8.28 40

8.16 40

8.8 10 180
8.44 140
8.28 60

8.16 40

8.8 12 228
8.44 164.8
8.28 123.2
8.16 84.8
8.8 13 300
8.44 160
8.28 130
8.16 84.8




Appendix VI

Result of statistical analysis for runoff

Model Summary

Model| R |R Square Adjusted R Square|Std. Error of the Estimate
1 .545(a) .307 .266 47.84163
a Predictors: (Constant), INTEN, SLOPE
ANOVA
Model sumof e Mean | Sig.
Squares Square
Regressior 43520.347 2| 21760.1749.507 .000
1 Residual 102996.967 45 2288.821
Total 146517.31447
a Predictors: (Constant), INTEN, SLOPE
b Dependent Variable: SOILLOSS
Coefficients
Unstandardized Standardized
Coefficients Coefficients
Model t Sig.
Beta
B Std. Error
(Constant)| -951.42C 241.757 3.935 .000
1
SLOPE -.807 1.785 -.056| -.452, .653
INTEN 124.35€ 28.673 .542| 4.337, .000

a Dependent Variable: SOILLOSS




Appendix VII

Results of sievedasedimentation analysis

Particle Mass _ )
Sl. IS % Cumulative | Cumulative
. Size D retained . . .
No. | Sieve retained | % retained % finer
(mm) (¢))
1 2 mm 2.00 mm 065.50 19 19 81
2 1 mm 1.00 mm 057.00 17 36 64
3 | 600 0.60 mm 027.00 08 44 56
4 | 475 0.48 mm 029.00 08 52 48
5 | 300 u 0.30 mm 025.00 07 59 41
6 | 212 0.21 mm 101.00 30 89 11
7 | 150 u 0.15 mm 010.50 03 92 08
8 75 u 0.07 mm 022.50 07 99 01
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ABSTRACT

Soil erosion is a complex phenomenon involving thetachment and
transport of soil particles, storage and runoffrahwater and infiltration. Soill
erosion depends on several factors such as clinsatié, type, topography,
cropping and land management practices, the ardateonditions and the size

of the area under consideration.

The present study was carried out in the latet@icain of KCAET campus,
Tavanur, Malappuram District. This study was ainaddeveloping a rainfall
simulator and studying the performance of the dmed rainfall simulator, the
effect of rainfall on solil loss, the effect of r&h on runoff and developing a soll

erosion model.

A rainfall simulator was fabricated to study theson processe&ainbird
12/15/18 Van Pop up sprinkler heads were used asdtbp formers. The
simulator evaluated for its performance. The sa@isweddish brown and belonged
to the textural class of sandy loam. It belongedh®Naduvattomseries. The
experimental set up consisted of three units \lze, runoff plot, the rainfall
simulator and the runoff-sediment collection umielve runoff plots with twelve
different slopes of 1.5, 2.0, 2.6, 3.0, 3.2, 4.0, 5.0, 9.0, 10, 12 and 13 per cent

in different locations, each plot with a size of 2.5 m were prepared.

The fabricated rainfall simulator could producenfall intensities varying
from 8.16 to 8.80 cm/h. The uniformity of rainfatried from 89.01 to 92.70 per
cent and the average drop size varied from 1.58a2n. A relationship between
supply pressure and intensity of rainfall as walliatensity and uniformity of

rainfall was developed.

Studies were conducted on soil loss and runoffferdnt land slopes under

simulated rainfall conditions. The soil loss andofi was found to increase with



increase in rainfall intensity and land slopes #rede were no much variations on

runoff and soil loss at 6 to 10 per cent land stope

A linear multiple regression analysis and 3D swefpiot analysis was used
to incorporate slope and rainfall intensities iatsingle prediction equation of soil
loss and runoff using SPSS software and MATLAB paek

The linear equations developed by the regressialysis are as follows:
Q=38.9451-11.606 S - 126.391 2 €R0.649)
E =124.356 | - 0.807 S -951.420 2¢R0.307)

The quadratic equations developed by the 3D sunféatanalysis are as

follows:
Q=130.8-28.72S +48.12 1 + 2.1151.544 S|
E=-647.4—-49.261+86.94 S —0.3266+5.296 S |

As the variants explained were satisfactory endogéxplain the runoff and
soil loss, it may be concluded that the causaaetors namely slope and intensity

are bearing directive impact on soil erosion.

A canonical analysis was worked out to determireedtfiect on runoff and
soil loss by the vector of parameters using slape iatensity. Canonical R was
computed and the same was 0.82034 and it is signifiat 1 per cent level. Hence
it may be concluded that the vector of processuntioly slope and intensity as

parameters together navigates the ultimate impaoiety runoff and soil loss.



