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ABSTRACT

Infilration rates of different types of soil under different land use system were
measurcd using double ring infiltrometer. After prolonged wetting (2 hours), the nature of
the soils, were determined with these final infiltration rates. The descriptions of the soils,
were then grouped into four infiltration groups of sandy, foamy, sift and clay soils. Under
llic fallowed land usc practice, it was discovered 1o have a higher volume of infiltration
ralc (5.80-40.20cm/hr) than the soil under cultivated land practice (2.40-62.70cm/hr).
However, the influence of land use on volumetric water content was not statistically
significant which could be attributed to the clayey nature of the soils in the site, which
masked the effect of land use. Gencerally, soils under the fallow land usc practice showed
a higher infiltration rates than those under cultivation. Regression analysis was performed
on final infiltration as a function of bulk density, ficld capacity and initial moisturc
content. It was discovered that the surface bulk density had the highest corrclation
coefficient and the average soil property down the profile do not affect infiltration rates.
Curve fitting carried out on Philip’s, Tlorton’s and Kostiakov’s modecls, showed that
Horton's equation had a great consistent deviation during the early part of the test (i.c. the
first 40 minutes) but Philip’s cquation started deviating during the later part of the tests,
particularly for swelling soils. Kostiakov’s cquation gave a more accurate result and is

recommended for the soils tested and other similar soils.
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CHAPTER ONE

1.0 INTRODUCTION

Watcr resources management is an important issuce of our days, especially in the
arid Azmd semi-arid region, where Niger State Falls; where a better water balance in the soil
1 very cructal/important.  One important issuc 15 to  cvaluate  qualitatively  and
quan}ilatively the spatial distribution of water in this arca; that is the irrigation farm of the
Fedcral University of Technology permanent sitc Minna.

Water in any part of the world is one of the key [Factors limiting agricultural
practices. Proper management of walter is one of the key factors to increase agricultural
})1‘6ductioxl in these regions. Infiltration 1s one of the key processes controlling the water
budget and transport processes in the soil profile. Thus, cvolution of infiltration will
determine the proportions of the water moving through the root zone, beyond it stored in
the soil and available for surface runoff (Scrrano, 1990). Infiltration rates on a ficld may
vary from very low to very high rate ol water intake but it depends on the soil
characteristic which control infiltration characteristics. If the infiltration characteristics on
a ficld can be kept constant, then irrigation efficiency could be increased to a high level
(Jensen ct al, 1987).

Infiltration refers to the entry of water into a soil profile from the soil surface.
Generally, it refers to the vettical infiltration, here water moves downwards [rom the soil
surface to replenish the soil water/moisturc deficiency. Since infiltration causc the soil to
become wetter with time, walter at the leading edge of the wetting front advances into the
dricn“ soil region ahcad of the front under the influence of matric potential gradient as well
as gravity; for infiltration which arc vertical (Blake, ct al, 1986). Infiltration of watcr into
soils is one the most studied of all the important hydrologic process occurring at the soil

atmosphere interphase. It is a dynamis property, which changes drastically both



temporally and spatially in response to changes in soil and crop management practices.
Gumbs and Warketin (1972) reported large variations in sotl infliltration capacity
}ollowing small changes in bulk density, and Mbagwu (1987, 1990) and Lal et al (1980)
obscrved much high cumulative infiltration, infiltration rate and time o attain equilibrium
on mulched than unmulched plots irrespective of the tillage treatments.
Infiltration ratc data of soils can be used to supplement other soil information
~which should help soil scientists, enginccers, hydrologists and other deal more preciscly
with a wide speetrum of water resources management and conscrvation problem (Ahmed,
1982) different types of sotl are known to have different water intake rates. Movement of
the water through the soil profile tells a lot about the pore sizes and permeability; the
iarger the pore sizes of the soil the higher the rate at which water is taken in while the
reverse is the casc for smaller pore sizes. In some cascs, the pore sizes can be large but the
rate which water moves through the profile can be slow, this may depends on the presence
of air within the profile and where such exist, there will be a sudden upstroke of watcer
relcasing the air into the atmosphere and then the process of mfiltration will continue. It
was thercfore based on this that our soil classification was madc possible which further
helps to determine the type of irrigation practice that will be necessary for that arca. Much
work has been carricd out on using infiltration ratc in grouping soils. Musgrave (1955)
suggested that most soils could be placed into one of the four infiltration groups
“depending on their measured and inferred infiltration capacity. Work or infiltration
(ASCE, 1949) showed infiltration rates listed in relation to the texturc of the surface
soils. However, this approach either assumes uniform deep surface soils or insignificant
changes in permeability with depth (Ahmed, 1982).
When a different soil layer in terms of texturc and permeability from the surface
layer is present in the soil profile, it will reduce the infiltration rates, regardless of weather

it is coarscr or fincr than the surface layer. If the texture is finer, the reduction m



, nfiltration is duc directly to its lower permeability, if on the opposite, a substance coarsc
textured lay above it. The unsaturated conductivity of the resulting partially saturated
coarse-textured rcgion is actually lower than the wetler finer textured region above the
infiltration rate decreases as the front reaches the interface (Miller and Gardner, 1962).

Layered soils are known to induce unstable flow when a fine-textured region lics
over a coarse-textured one. (Raats, 1973). During infiltration into dry soil layered in this
manncr, water cannot enter the coarse-textured zone until the pressure has built up
syfﬁcicnlly to wet the layer pore. If this occurs at discrete locations along the welling
point. The new wetted channels in the coarse-textured zone may become conduits for all
the water entering ftom above. These narrow-flow channcls, called fingers can persist
through the entirc coarse-texturcd zone. As the flow paths become smaller which explains
partly the decline of the infiltration rate in time. By the time infiltration ratc has constant,
a pronounced transition zone is cstablished with nearly uniform moisture content close to
saturation. Pressure difference here is smaller and the water movement is dominated by
the gravity force. The final infiltration rate. Thus becomes approximately cqual to the
saturated hydraulic conductivity of the soil.

Infiltration measurcment is labourious and tircsome. It can be expensive where
waler is limiting. A mcthod of using infiltration rates to describe the hydrological
grouping of soils is thercfore desirable and is possible through some simple time
dependent infiltration equations. However, not all these cquations arc applicablc i all

~

conditions and thercfore test on their applicability accuracy arc important.



1.1 Justification For The Study

Considering the problem of soil classification, it is important to know the rate at
which water moves into the soil under a wide range of condition. This tclls a lot about the
type of the soil in that area, since the rate of movement of water through the soil profile
help to tell about the texture, and structure of the soil. It is the infiltration capacity of the
soil that determines the rate that water can be applied to the surface without runoff. The
measurcnicnt of sotl infiltration rate is esscntial in irrigation layout and design and also in
cstimating catchment runoff modcls (Clark, 1974;). This therefore entails realistic
planning of watcr management activitics (crosion control and irrgation) which requires
simple information on the rate at which different soils take up water under varying
conditions. Infiltration ratc data collected can help in determining the hydrological soil
grouping and other soil information which could help the soil scicentists, engincers and

hydrologists to deal more effectively with a wide spectrum of water resource management

and conscrvation problcms.

1.2 Statement of 'The Problem

Classification of soil has been of difficult task in the past ycars for soil scientists
because they have to go through stages of digging the soil profile to varying depth and
collecting samples at designated points. These samples are taken to the laboratory for
further detailed work to be carried out (this part is called pedotogy). The work reported

herein is aimed at simplifying the process of soil classification.



!_.3 OBJECTIVE
The following arc the objective of the study:

I To predict relative infiltration rates using some time dependent infiltration
equation and to determine which equation best fits the permanent site of the
university farm.

2. To classily soil according to infiltration rate.



CHAPTER TWO
2.0 . LITERATURE REVIEW
2.1 Introduction

A great deal of work has been carried out on infiltration rate since 1933 when
Horton explained its importance in the hydrological circle; infiltration refers to water
moving into soil from rainfall or irrigation and is the first stapes of water movement in the
soil. 'I't 1s of great importance in any irrigation plan, for any runoff problem, to know the
infiltration ratc and the soil water content aficr infiltration (Ahmed, 1982; lize, 2000). In
the hydrological cycle, a falling drop of water may be intercepted by vegetation or may
fall (]li_rcctly on to the ground. Water on reacting the carth’s surface is cither evapourated
back to the atmosphere or enters into the soil (infiltration) or run-off the soil surface.
Infiltration start as soon as the first drop of rainfall touches the ground surface and
continues even after precipitation ceases until all depression on the land surface arc cmply
(Ahmed, 1982).

Infiltration ratc may be limited in two ways. Firstly, it cannot excced the rate at
which watcr is addced to the soil surface that is, rainfall intensity and sccondly, it is Himited
by the rate at which water can cnter and move through the soil. The following arc the
processcs, which increasc mnfiltration;

(1) passage of water through the soil surface,
(11) | movement of water through soil mass (percolation) and

(iii)  depletion of soil moisture storage.



2.2 Infiltration Theory

The theory and process of mifiltration has been reviewed by Philip (1969), THillcl
(1971) and Baver ct al (1972). Infiltration rate usually shows a sharp decline with time
from the start of the application of water. The constant rate approached after a sufficiently
large time is referred  to as the steady infiltration rate. This process is desceribed by sceveral
cquations showing a decrcasing inliltration rate as a function of time.

The theory of infiltration can be divided into two major groups which are
(1) downward or vertical infiltration; and
(ii) downward infiltration into a layered soil.

The mathematical theory of vertical infiltration basced upon the sofution of the
Richard’s equation (Pillbury and Richard’s 1954) as cited by Philip (1969) is given in

cquation 2. |

w = d K(h)( @4 ] Jom e 2.1
e d7, v
where:

% = volumetric moisture content (m*/m’)

t = timc (scc)

7 = gravitational potential

K = hydraulic conductivity (m/scc)

h = hydraulic potentiaf (m)

* K (h) = hydraulic conductivity, a function of h.



The infiltration model was derived [rom Darcy’s law which is given as

q 7 -kAh e e 2.0
Where:
q (low rate (m' /s/ m)
A = gradient vector
h = hydraulic potential (m)

Equatiors2.1 and 2.2 are Darcy’s and continuity cquations respectively.
The infiltration equations and models chosen for this work arc
(1) " Koskiakov’s equation,
(i) Horton’s cquation, and
(1)~ Phillip’s equation
2.2.1 Kostiakov’s equation
The functional relationship between infiltration, 1, and time, 1, is best represented

by the cquation

Where I =Infiltration rate (cm/hr)
- t=time (minns

The values of the suggested b, M and n may be determined by the method of
averages using the procedure suggested by Davis (1943). The first step is to plot the graph
of infiltration rate, L, against time, U and using normal graph, choosc two points (4 I1) and
(t2, [) on and near the extremes of the smooth curve representing the data. After which, a
point t3 = VU, t5 is chosen, 15 is read against ty. The vatue of l.) is determined by using the
following cquation

Y N YOO o :
o+ 1 20




The valuc of b is subtracted from cach valuc of 1, the logarithms of (I-b) and t

-were taken. The variables are related by the expression

Taking the logarithm ot the above cquation, we have
Log(l—b)y = Log M+ 1 J0g temmmm oo 2.0
) The logarithm of the above cquation helps to express it to the fine equation of Y
Mx + C where M is the slope, X is the variable and C is the intereept along the Y axis.
Assuming the relationship between t and I can be expressed by equation 2.3 1t is
not important to determine the value of the rectifying factor, b, the logarithm forn ol the
f:,\'prcssion will therefore be taking the form
Log I =T1.og M 11 LOg t-mmmmmmmm e 2.7
To determine the values that it the equation, the values of 1 are calculated by
substituting the values of b, M and n in the cquation 2.3 for cach valuc obscrved at t.

i However, the values may be substituted in the equation in the logarithm from

Log (I--b)=Log M + nhogl --ommmmmm s 2.8
[-b=Log" (Log M + NLOZH) ~--mmmnmmmm e 2.9
| = Log'I (Log M '+ nLogt) + b mmmmmme oo 2.10

The instantancous infiltration rate at any time, t, after the beginning of the test

may be obtained from

= M e 2.11
dt

2.2.2  Horton’s Equation
This cquation is given by
T 0ot (To Be) €M oo 2.12

(I I(/) = (IO I(/) ¢ kt



Changing the equation 2.13 to the form of Y = Mx t C, we have to take the
logarithm of both sides of the cquation

Log (- Tey=Log (lo - I¢) klngcb ——————————————————————————————————————————— 2. 14
Where,

C=TLog(l -l¢) which is the intercepton the Y axis,

M = kl.oge which is the slopc and

X =t which is the variable

1M = kloge

Then k=-M
Loge

The foremost important thing is to plot the graph of the infiltration, 1, against tinme
t, (0 obtain the value for To and Ie. Another graph ol Log (I 1) against time, t, along the
Y - axis and M, slope (Horton's, 1933). ‘The coclficient of (lo  1¢) in Horton’s model
according to Ahmed and Duru (1985) is constant for any given soil condition,

Horton’s cquation was usced to cvaluate the accumulated depth of water which

infiltratcd during a given time period.

t.
I= Ly e e e 2.15
c
t
- e (10 1) E™ Qlemmmmm e 2.16
[
PO PCE (U [ 6 2.17

10



where,

= accumulated infiltration (¢cm),

lc = the constant/final infiltration capacity as tapproaches infinily (cin/mins)
B K= positive constant for a given soil and initial condition,

fo - infiltration capacity at the beginning of infiltration capacity (cm/min) and

t= time (minutes)

2.2.3  Philip’s Equation

The mathematical and physical analysis of the infiltration process developed by
Philip (1957) scparated the process into two components which are that caused by a
sorportivity factors and that influenced by gravity. Sorportivity is the rate at which water
will be drawn into a soil in the absence of gravity; it comprises the combined cllects of
a{)sorpli()n at surfaces of soil particles and capillarity i sotl pores. The gravity factor is
due to the impact of” pore on the flow of water through soil under the influcnce of gravity.
The Philip’s model takes the form of a power scries but o practice an adequate

description is given by the two parameter equation.

The value of the constants A and S can be determined by employing the method of
multiple regression analysis. From the above equation, there is one dependent variable, i
(cumulative infiltration, ¢m) and two independent variable (" and © where A s the
intercept and S is the slope. To know the goodness of [it, the values of T arce calculated by
~substituting the values of A and S in the cqua‘lion in the cquation 2.18 for cach obscrved

value of t.

The rate of infiltration is determined by differentiating equation 2,18 thus.

= st A
Lo dt 2

11



The constants of A and S may be determined by plotting the graph of di/dt against (2

2.3 Soil sampling

2.3.1 Initial soil moisture content
The mitial soil moisture content at any given time was considered (o influence the
~initial rate and total amount of infiltration, both decrcasing as the soil moisture content
rises (Michacl, 1992). The dricr the soil, the greater the rate of entry of water because the
-gradient of the matric potential is then of greater magnitude. 'The initial moisture content
f)l' the soil per site was obtained by pushing a core sampler (50mm diameter and SOmm
high) into the ground and was gradually brought out. The ends were scraped with a knilc
and the content emptied into moisture cans of known weights and covered immediately.
In the laboratory, the cans were weighed and dried in an oven at | 15°C for 24 hours,
alter which they were weighed again. 'The moisture content of the soil was obtained from

M.C = (Weight of wet soil -+ can) - (Weight of dry soil + can)-------—-----onnv 2.19

(Weight of dry soil +can)

Where M.C. = moisture content.

'2.3.2 Soil bulk density (BD)

According to Marshall and Holmes (1988), bulk density increases with the degree
of compaction which may be duc to the cffect of cultivation practices and/or rainfall
cvents on the top soil. A high bulk density would affect infiltration rates (Brady, 1984).

Boardman et al (1990) noted that bulk density decrease is closcly associated with an

12



increase ininfiltration capacity. Ahmed and Dura (1985) found a strong corrclation
between bulk density and infiltration rate of soil tested in Samaru, Kaduna State of
Nigcria.

After all infiltration replicates had been completed in a given site, two of the spots
where measurement had taken place were covered with a plastic sheet 1o prevent
evaporation for about twenty-four hours. Eight soil samples were taken from this site, as
described above for determining the ficld capacity and  bulk density. On cach of the two
spots, two samples were taken on the surface and two at 50cm down the soif profile. The
ficld capacity was determined in the same way as the mitial moisture content. 'The bulk

density (BD) was calculated from the cquation given below.

BD = (Weight of dry soil 4 can) - (Wcight of the can) -----=--~---seemmemeem - 2.20

(Volume of core sampler)

24 Factors affecting infiltration

Factors affecting infiltration rates can be divided mnto two groups according to
Lewis and Powers (1938). They arc;
1. factors influencing the average infiltration rate over a considerable period of time;
for examiple slope, vegetation and surface roughness;
factors influencing the infiltration rate at a given time and part; for example,
texture, structure and organic matter.
Horton (1940) made clcar that infiltration rate is governed mainly by conditions
at/or near the soil surface. He suggested that soil type, soil prolile, biological and micro-
structure within the soil and  vegetal cover are the basic  factors  aflecting nfiltration
rates of soils.

Musgrave (1955), gave a summary of factors that affect intake rate of water by

soil; as follows:
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i. surface conditions and the amount of protection against the rainfall impact,
i. the mternal characteristics of the soil mass, including porc size, depth or
thickness of the permeable portion, degree of swelling  of clay and  colloids,

organic matter content and degree ol aggregation;

it soll moisture content and degree ol saturation;
iv. duration and intensity of water application and
V. scason of the year and temperature of the soil and watcer.

The mitial infiltration rate of a particular soil s influenced by the soil moisture off
the arca. Smith (1949) discovered that the larger the time of application, the less eflect
anteccedent soil moisture would have. In other words, the final infiltration rate is
unaflected by the antecedent soil moisture,

The presence of vegetation and moulding/residue increases the infiltration rates of
soils. Vegetation absorbs the raimdrop impact, preventing crust formation and  promotes
microbial activity and soil structure. On decay, plant roots have large conducting pores,
which supports the rate of infiltration. A small incrcase in the hydrostatic head over these
pores results in an incrcase in the flow through the soil surface. Detailed reports on cffect
of vegetation could be found e¢lsewhere (Duley and Russel, 1939; Daley and Kelly, 1939;
Kidder et al, 1943; Williams and Doncen, 1960; Manncring and Mceyer, 1963; Lawes,
1960; ctc).

Exposcd soils can be rendered almost impermeable by the compacting impact of
large drops coupled with the tendency of wash off of very small particles into voids. The
.As'-m'lhcc tends to become  puddle and the infiltration rate value drops sharply. Also,
compaction due to man/animal trcading the surface, or to vehicle trallic can scvercely

reduce infiltration capacity.
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Burrowing animals and insccts opening up ways into the soil, the cover preventing
compaction and the vegetation’s transpiration removing soil moisture, all tend to help the
infiltration process. Hopp and Siater (1948) found that carthworms increase infiltration
rates by a factor of 4, another report by Dixon and Pecterson (1971) stated that
undisturbed carthworm activity could increase infiltration within a few months. Similar
cflects were reported by Wilkinson (1975), Luler (1975), Wilkinson and  Aina (1970),
Lauritzen and Stoltenberg (1940)

Dense vegetal cover such as grass or forest tends to promote high values of
infiltration. The dense root systems, all providing increase rate of infiltration to the
Slll;S()il, the layer of organic debris forming a sponge  like surface burrowing animals
and insccts opening up ways into the soil, the cover preventing compaction and
vegelation’s transpiration rcmoving soil moisture, all tend to help the infiltration
processes.

Cultivation affects infiltration because of its clfcets on the conducting pores in
soils. It may cither incrcasc infiltration depending on the soils surface after cultivation.
Cultivation practices that leave the surface rough with many pockets arc likely to have
more infiltration than smooth heavily worked surface. Tleavy machinerics used on farm
lands compacts the soil, reducing the pore sizes which in turn reduce the mfiltration
ratc. Parker and Jenny (1945) found that compaction of soils by heavy machines is more
pronounccd on wet soils than dry soil and infiltration rates were reduced in both casces.

The rate of infiltration into the soil depends, sometimes on the rate of movement
of water down the profile. Within the profile, finer materials like sill and clay particles
can be washed or Icached down, which may result in the blockage of the smaller pore
spaces in subscquent layers. In most profiles there may be considerable variation in

hydraulic conductivity with depth. When a coarse layer overlies a finer layer, infiltration



is initially controlled by the finer layer. In many cases, a perched water table may be
formed in the coarser layer just above its boundary with an impending finer layer. This
was supported by a study undertaken by Hillel (1971). ‘The cffects of texture and swelling
on the pore size distribution and permicability was found to increase exponentially with an
increasc in particles size.

Some chemicals have effect oninfiltration rates of soil. Chemicals which support
the dispersion of soil aggregates (such as some sodium salts) can reduce the soil
mfiltration rate. Other chemicals that tend to cement or stabilize the soil aggregates
increase infiltration rates. Pillsbury and  Richards  (1954) found  that modcrate
application of ammonium sulphate resulted in significantly higher infiltration rates than
urca when combined with large amounts of organic matlter.

Dulley and Domingo (1943) discovered that temperature have eltect oninfiltration
rates, but any variation in infiltration causes by changes i temperature likely to oceur
under conditions of natural rainfall which would be too slight  to have any practical
significance in dectermining the amount  of rainfall  that would be  absorbed by
agricultural land.

The factors, however, affecting the rate of infiltration arc not all present ina given
soil at a given time. Further more, some of the cffects present in the soils overshadow

those of others.



2.5 Infiltration Rate Measurement
2.5.1 CYLINDER INFILTROMETERS

Haise ctal, (1950) gave a detailed analysis on the use of the cylinder infiltrometer.
A mectal cylinder with an inner diameter of 300mm and an outer diameter of 600mm
respectively, which both have the height 250mm was driven into the soil using a driving
platc sct on top of the infilrometer and a heavy hammer to some heads so as (o prevent
the blow out effect around the bottom of the cylinders. Water is pounded in the cylinders
to some depths and at subscquent times, that is when the water level has dropped about
onc-half of the depth of the cylinder, water should be added to return the water surface to
it mitial point. The infiltration rate is measured by noting the amount of water added or by
the drop 1o head in the inner eylinder ina given time.

The purpose ol outer cylinder is to climimate to some extent the edge clfect of the
surrounding dricr soil and to prevent the water in the inncr cylinder from spreading over a
large arca after penctrating the bottom of the ring.

In some cases, most later studics, only single infiltrometers were employed (Fvan

ct. al, 1950). This was discovered not to have any control on the lateral movement of

watcr from the ring. In most studics, however, the double-ring (Shiff, 1953; Burgy and
Luthin, 1956, 1957; Swartzendruber and ()ls-()n, 1961) or multiple ring (Kohnke, 1938)
devices were used so that divergent flow could be minimized by means of arca
-surrounding the central compartment.

Some automatic/scl{=recording ring infiltrometers have been developed by Pittiman
and Kohnke (1942) and Danicl (1952). This consisted of metal rings or squarcs having

the same arca as the conventional rain gauge (8 inches diameter). The water applicd was
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recorded with the rain gauge recording device. Carburctor floats were uscd to maintain

uniform watcr level in both the inner and outer compartments.

24.1.1  Limitations of Cylinder Infiltrometer

The process of placing the ring device in o the soil causes some serious
limitations to cylinder infitrometers. In driving the ring into the soil, some degree of
disturbance of the natural soil condition is caused, the resulting disturbance is manifesied
as shattering or compaction which may be causcd by large varation in mfiltration rates
between replicated runs, Another limitation is the soil-metal interface which may cause
unnatural scepage planes which results in abnormally high infittration rates. A further
limitation to the use of the rings is the problem ol eotrapping air in the soil colunmm:
caused when a constant head of water is applicd upon the surface. Under the saturated
condition, the entrapped air may not be able to escape from the sotl which results in the

creation of internal air cushion and in turn impedes downward movement of the water.
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CHAPTER THREE

MATERIALS AND METIHODS
3.1 Description of experimental Site.

The Federal University of Technology permanent site is known (o have a total
land mass of cightcen thousand nine hundred hectares (18,900 ha) which is located along
kilomcter 10 Minna Bida road, South - ast of Minna under the Bosso local
(30\'01‘11111(:111 arca of Niger State (Ig. 3.1). It bas a horse - shoc shaped stretch of land,
lying approximately on fongitude of 06" 28 1 and latitude of 09 35 N (Sani. 1999).
The site is bounded at Northwards by the Western raif Tine from Lagos o (he northern
part of the country and the Fastern side by the Minna  Bida road and to the North - West
by the Dagga hill and river Dagga (Sani, 1999).

The entire site is drained by rivers Gwakodna, Weminate, Grambuku, Legbedna.
Tofa and their tributarics. They are all scasonal rivers and the most prominent among

them is the river Dagga. The most prominent of the features are river Dagga, Garatu ¢ 1ill

and Dan Zaria dam.

3.1.1  Soils of the area.
The major soil found in this area is the sandy loam type with a sparsc distinction
of the sandy  clay soil and sandy soils. This has so far encouraged the residents of Minna

metropolis and ncighbouring villager to use the land for agricultural activitics such as

farming and grazing by the nomadic cattle rearers (1ize, 2000).
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J.hZ0 Vegetation And Land Use.

Minna falls within the semi - wood land or tree forest vegetation belt with derived
dry grass or shrub land known as the southern guinca savannah (Fubara, 1986). This is
also known as the transition belt, which lies between the savannah grass/shrub land ol the
north and the rain forest of the south. Duc to intensive fallow type of agricultural practice
and grazing of the land, the arca is dominated by stunted shrubs; interspersed with
modecrate height tree and perennial foliage (Sani, 1990). Similarly, duc to human activitics
and land usc abuse which is a characteristic of most expanding urban centre in Nigeria,
the site is fast loosing its remaining tree species to development. Along some river course
and lowland arcas, the vegetation is more wooded and resembles some forest affinitics
(Sani, 1999). The arca is still being used as farm and grazing land by the residents of

Minna and her environs.

3.1.3 Climate

3.1.3.1 Rainfall

Minna, generally is known to experience rainfall from the month of May to the
month of October and on rear occasions, to November. It is known to rcach its peak
between the months of July and August. Towards the end of the rainfall scason, around

October, it is known to be accompanied by great thunder storms (Sani, 1999).

3.1.3.2 Temperature

The maximum temperature period in this arca is usually between the months of
. . . . . (g
February, March and April which gives an average minimum temperature record of 33°(

and a maximum temperature of 35°C (Minna Airport Metrological Center, 2000). During

PR . . . O
the rainfall periods, the temperature within the arca drops to about 29°C",

N
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33 Area of study
The arca of study is using infiltration rates to determine soil hydrological group on
the permancnt site farm of the Federal University of ‘Technology, Minna, located along

the Minna-Bida highway, Niger State Nigeria.

34 Description of the equipment

The infiltrometer rings werc rolled iron sheet of 12-gauage steel and the diameters
of the inner and outer ring were 300 mm and 600mm, 1espectively as supgested by Bambe
("I()‘)S) and also by Swartzendruber and Osio (1961). They both have a height of 250mm
and the bottom ends of the ring were sharpened Tor casy penctration into the soil,

Each infiltrometer was cquipped with a float consisting of a plastic rule placed
perpendicularly to one face of the wooden block. This wooden block was painted so as to
prevent it from soaking water as it floats on the water. The plastic meter rule was clamped
to the inner side of the mner rings; with another sharp — cdge wood placed near the rule to

facilitate taking reading from the rule. Figure 3.2 shows a typical infiltrometer ring,.

PLASTIC RULER

' i WOODEN BLOCK
N For reading

Ty METAL STRIP

i INNER RING

- WOODEN BLOCK
{ ; (FLOAT)

i i 0 OUTER RING

R

N i

. 3 . o

Ground Surtace ' U U o s
o - P I

Fig: 3.2 A Dissected infiltroment.
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3.5 Site selection
It should be kept in mind that the arcas surveyed were not large cnough to be
referred to as soil scrics but soil unit because the survey was more or less a point

description. The following guidelines were used to select the sites.

I High slope: These are arcas which have been croded and also have their horizons
cxposcd.

i. Middle slope: These are arcas where deposition of coarse and heavier materials
start.

1. Lower slopes: This is usually the fadama arca where deposition of clay silts

materials stops.

The various land management practices (cultivated, fallow, bush or barc) were
taken into consideration on each of the soil unit. Where it was observed that more than
;)l]C management practice existed, all available types of land use system were taken mto
consideration.

3.6 Parameters considered

In this study, only a few of the physical characteristics of the soil will be considered;
~these are:

1. Texture

2. Organic matter

3. Ficld capacity

4. Bulk density
5. Land usc
0. Soil profile
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3.7 Infiltration measurement

The infiltrometer rings were placed randomly from cach other and the
measurcment were taken to the nearcst centimeter. The rings were then driven into the
ground by hammering a wooden bar placed diametrically on the rings to prevent any
blowout, cllects around the bottoms of the rings. Tn arcas where ridges and furrows
existed, the ner rings were always placed in the furrow. Having done that, a mat/jute
sack was spread at the bottom of the inner and outer compartments of cach infiltrometer
s0 as to minimize soil surface disturbance when water was pourcd into the compatrtments.
In grass - covered arcas, they were cut as low as possible with a cutlass so that the float
C().uld have free movement and  care was taken not to uproot grasses. Four (4) infilteation
m-casurcmems were conducted at cach location of which an average was to be taken fater.
Points of measurements were chosen based on the fayout in fig. 3.1

Water  from jeri-cans  was  pourcd into  the  infiltrometer  compartments
simultaneously and as quickly as possible. As soon as the jeri cans were emptied, the
walcr level from the inner eylinder was read from the float (rule)y and the focal time was
also noted. Repeated readings were taken at intervals of 0 minute, 1 minute, 2 minute, S
minutes, 10 minutes, 15 minutes 20 minutes 30 munutes, 45 minutes, 60 minutes, 75
minutes, 90 minutes, 100 minutes and finally at 120 minutes. The cylinder compartment
was refilled from time to time when the water level dropped hall way. ‘The water levels at
both compartments (inner and outer) were constantly kept equal by adding water, as
needed, into the outer compartment, which is faster. Some time is allowed before sfarting,
another replicate. So that no two infiltrometer should require reading at the same time,
each replicate was allowed a time duru(ion.‘

At each site, ten soil samples were taken using the 50mm x 50mm core sampler
from the surface layer (0-50cm) in the arca outside the outer rings. These were bulked tor
the determination of the inilial. moisture content and bulk densitics.
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In grass  covered arcas, they were cut as low as possible with a cuatlass so that the Noat
could have free movement and care was taken not to uproot grasses. Four (4) infiltration
measurements were conducted at cach location of which an average was (o be taken later.
Points of measurements were chosen based on the layout in fig. 3.1

Water  from jeri-cans  was  poured into  the infiltrometer  compartments
simultancously and as quickly as possible. As soon as the jert cans were emptied, the
water level from the mner cyhnder was read from the loat (rule) and the local time was
also noted. Repeated readings were taken at intervals ol 0 nnnute, | minute, 2 mimute, 5
minutes, 10 mmutes, 15 minates 20 minutes 30 nunutes, 45 minutes, 60 minutes, 75
minutes, 90 minutes, 100 minutes and fimally at 120 ninutes. The cylinder compartiient
was refilled from time to time when the water tevel dropped hall way. The water levels at

both compartments (inner and outer) were constantly kept cqual by adding water, as

‘needed, into the outer compartment, which is faster. Some time is allowed before starting

another replicate. So that no two infiltrometer should require reading at the same time,
cach replicate was allowed a time duration.

At cach site, ten soil samples were taken using the SOmum x 50mm core sampler
from the surface layer (0-50cm) in the arca outside the outer rings. These were bulked for

the determination of the initial moisture content and bulk densitics.
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CHAPTER FOUR
RESULTS AND DISCUSSION

41 Analysis of results

Table 4.1 shows the initial soil moisture content of tested soils while Table 4.2 shows the
various bulk densitics of the tested soils. Table 4.1, site 11 on Fig 4.19 shows a high moisture
content of 0.0620g, which may be duc to the clayey nature of the soil and its c¢loseness 1o a
stream. Site 3,5,0,7 and 8 closcly follows site 11 in term of moisture content present in the arca
and ti]is may be duc to the clay nature of the soil around the arca, except for site 5, which has a
different soil characteristic (loamy i llmlurc). There is a higher corrclation between the
cumulative infiltration {T (¢cm)} and time :l"/z (mins)} at Table 4.2 of site 6 which shows that
the wet bulk density is slightly higher than that of the wet bulk density of site 12 on the samce
table which could be as a result of the type of soil available in the arca. The bulk densitics as
presented, were taken for both dry and wel soils. Table 4.2 shows (the bulk density of the
lcsléd soils) that site 6 had the highest wet bulk density of 1.83 g/cm’ which is described under
appendix A.2 as slightly plastic dark sandy clay. 'This was closcly followed by site 12,8,4.15
and 14 respectively. It can be observed that the value of wet bulk density was relatively higher
than the dry bulk density. Similarly, Table 4.3 shows the particle size distribution, which 1s
based on the soil unit within the irrigation farm of the permanent site and this also classified
using the soil textural triangle. The horizon depth in Table 4.3 was divided mto two ranges
which arc 0-25cm and 25-50cm. ‘The particle size was classified into the various soil using the
soil textured triangle. The presence of organic matter at cach of the range was clearly
represented also. Under Table 4.4, below, shows the percent count of R square values from the
curvu: fittings from which it could be observed that the Kostiakov's cquation has the best it

with 99.35% for fallowed land and 98.79% for cultivated land. Although Philiph
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cquation had a R squarc value of 53.10% for cultivated land and 55.22% for fallowed

land, when compared with the R square value of Kostiakov’s, it was far lower, since

Philips modcel is Iimited 1o swelling homogenous soils and for vertical Hlow while

Kostiakov’s cquation has no limitation, it is also known to apply to the three-dimensional

low (Scrrano, 199M). A closer ook ot Table 4.5 shows the average infiltration rate

(cm/hr) for various land usc practices  while Table 4.0 (A and B) shows the average

infiltration vate (cnvvhr) for various fand use practices duving the dry and wet scason.

Table 4.0 shows the average infiltration rate for 12 weeks in fallowed and cultivated soils.

(Depth Of Between 10cm - 50c¢m)

TABLE 4.1 Initial Soil Moisture Content Of The Experimental Site.

Moisture content

SITE Weight of sample (g) Weight of oven-dry
sample (g)
! 161.48 158.73 0.0173
12 168.88 165.28 0.0218
3. 167.18 159.56 (0.0478
4 178.67 171.19 0.0402
N 166.83 159.02 0.0491
6 189.81 182.76 0.0380
7 166.94 159.21 0.0486
8 179.62 172.28 0.0426
9. 187.11 161.22 0.0363
10 167.97 161.04 0.0430
! 160.52 153.97 (0.0620
12 180.05 176.98 0.0173
13 146.35 141.23 0.0362
14 176.95 171.03 0.0340
15 178.00 172.45 ().0322
16 161.20 157.10 0.0201
17 150.69 148.00 0.0182
18 149.66 144.18 0.0380
19 155.51 152.08 0.0226
20 155.47 150.54 0.0327
21 158.26 153.81 0.0285
22 151.93 146.77 0.0352
23 155.36 152.61 0.0180
24 155.85 152.41 0.02206
25 167.12 102.68 0.0273
26 160.78 157.067 0.0197
27 155.56 153.36 0.0143
28 159.84 156.25 0.0229
29 162.59 157.44 0.0327
30 168.99 164.54 0.0331
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TABLE 4.2 Bulk Densities Of The Experimental Site (Depth Of 10c¢m - 50cm)

SITE WET  (g/em’) DRY (g/cm’)
(BD) (BD)
{1 1.634 1.545
2 1.709 1,581
3 1.092 1.574
4 1.793 1.641
s 1597 1517
0 1.831 1.68S
7 1.639 1.560
8 1.819 1.652
9 1.691 1611
10 1.720 1.640
1 1.024 1.537
12 1.823 1.700
13 1.480 1.397
14 1.791 1.690
15 1.792 1.715
16 1.631 1.538
17 1.524 1.509
18 1.514 1.468
19 1.573 1.548
20 1.573 1.533
21 1611 1.600
22 1.547 1.515
23 1.581 1.564
24 [.586 1.552
25 1.701 1.087
26 1.637 1.605
27 1.583 1.501
28 1.627 1.591
29 1.655 1.633
30 1.710 1.675
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TABLE 4.3 Particle Size Distributions.

Soil Horizon Percent Percent | Percent | Organic Soil
“Unit Depth (cm) Clay Silt Sand Maltter Classification
(p/kg) using Soil
Textural
Triangle
I 0-25¢m 28 42 30 2.52 Loam Soil
) 25-50 ¢ RN 30 35 R Clay Loam Soil
2 0-25¢cm 33 33 34 2.40 Clay Loam Soil
25-50 cm 24 30 40) 3.26 Loam Soil
3 0-25¢m 42 40 I8 2.59 Silty Clay Soil
25-50 ¢m 38 38 24 2.52 Clay ILoam Soil
4 0-25¢m 45 35 20) 1.40 Clay Soil
25-50 cm 39 36 25 2.09 Clay L.oam Soil
5 0-25¢cm 32 24 44 3.06 Clay L.oam Soil
25-50 ¢m 20) 30 50 2.43 Loam Soil
6 (0-25cm 21 34 45 2.27 Foam Soil
25-50 cm 21 36 43 2.00 L.oam Soil
7 0-25cm 35 30 35 2.09 Clay L.oam Soil
25-50 cm 33 38 29 2.06 Clay 1.oam Soil
8 0-25cm 30 41 29 3.05 Clay Loam Soil
25-50 cm 21 40 39 2.81 Clay Loam Soil
Y 0-25¢m 17 39 44 3.30 I .oam Soil
25-50 em 19 36 45 2.07 I.oam Soil
10 0-25cm 31 39 30 2.81 Clay Loam Soil
25-50 cm 41 29 30 2.09 Clay Soil
11 0-25¢m 32 40) 28 2.52 Clay ILoam Soil
' 25-50 ¢ 23 39 38 2.59 L.oam Soil
12 0-25cm 19 4] 40 3.05 L.oam Soil
25-50 cm 28 33 39 2.98 [.oam Soil
13 ()-25¢m 19 41 40 2.30 Loam Soil
: 25-50 cm 19 46 35 2.29 l.oam Soil
14 0-25c¢m 19 40 41 1.98 Loam Soil
. 25.50 cm 29 40 25 2.41 .oam Soil
15 0-25c¢m 30 35 35 2.20 Clay FLoam Soil
25-50 cm 39 30 31 1.95 Clay Loam Soil
10 0-25cm 22 40 36 2.27 Loam Soil
‘ 25-50 ¢cm 31 35 34 2.06 Clay I.oam Soil
17 0-25c¢m 39 30 31 2.27 Clay Loam Soil
25-50 ¢m 30 28 30 1.54 Clay Loam Soil
18 0-25¢m 39 30 31 2.09 Clay loam Soil
25-50 ¢m 34 25 41 1.41 Clay Loam Soil
19 0-25¢m 40 30 30 2.01 Clay Loam Soil
' 25-50 cm | 39 3 3() 2.11 Clay Ioam Soil
20 0-25cm 30 39 31 2.09 Clay I.oam Soil
25-50 ¢cm 30 30 40 1.98 Clay Loam Soil
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21 0-25¢cm 22 40 36 2.03 Clay Loam Soil
25-50 cm 17 41 42 .41 Loam Soil
22 0-25¢m 29 39 32 2.52 Clay Loam Soil
25-50 cm 17 38 45 2.79 Loam Soil
23. 0-25¢m 19 41 40 2.88 Loam Soil
‘ 25-50cm | 31 39 30 1.55 Clay Loam Soil
24 0-25cm 42 40 18 2.65 Silty Clay Soil
25-50 cm 17 39 44 2.37 Nil
25 0-25c¢m 30 38 32 .74 Clay FLoam Soil
, 25-50 ¢m 26 RY | 30 2.7 Nil
26 0-25¢cm 30 39 31 2.01 Clay I.oam Soil
. 25-50 ¢ RI¢ 28 36 2.31 Clay I.oam Soil
27 0-25cm 14 46 40 2.08 F.oam Soil
25-50 ¢m 21 45 34 1.54 Loam Soil
28 0-25cm 20 45 35 2.09 L.oam Soil
25-50 cm 36 28 36 1.41 Clay LLoam Soil
29 0-25¢cm 43 27 () 2.42 Nil
25-50 ¢m 40 30 30 2.01 Clay Foam Soil
30 0-25cm 34 30 36 241 Clay Loam Soil
25-50 cm 27 30 43 2.03 L.oam Soil
It was discovered, however, that the infiltration rate of cultivated  land when

compared with the fallowed land was higher which may be due to the presence of

underlying rocks covered by some layers of soils. Where this is present, it will not allow

easy penctration of water. Another reason may also be that the arca under fallow may

have a high water table. For example, it was obscrved from Table 4.5A (in the month

of April at week 0) the average final infiltration rate for cultivated land is 35.54 cav/hr,

with a cumulative waler intake of 70.32c¢m at the end of the infiltration while
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Table 4.4: The R square values for the three models used.

% of R Square greater than Horton’s Philip’s Kostiakov's
0s0 INiE 830 Nil

(cultivated land)

Nil 55.22 Nil
(fallowed land)
0.00 7 TN Nil NI
0.70 o 7588 NIl [Nl
(cultivated land)
75.69 Nil Nil
(fallowed land)
T 7 N N1 B B N Nil
090 T Nil [Nl ' 98.79

(Cultivated Tand)
Nil Nil 99.35

(IFallowed land

for the fallowed land had a final infiltration rate of 15.23¢m/hr and a cumulative water
intake rate of 30.47¢m. This difference may be due  to the presence of  hard rock
underlay or the water table been near the carth surface. In the  month of May, the
é.llllivatcd land had an infiltration rate of 32.28cnv/hr, and cumulative water intake rate of
64.57cm while the infiltration ratc for the fallowed land was 11.30cm/hr  and  the
cumulative water intake rate was 22.60cm; a reduction in the water intake rate  could

be obscrved between the month of April and May which may be duc to the two day rain

during that month. In the month of June, a further reduction was observed in the

cultivated land, an infiltration rate of 24.37¢m/hr and a cumulative water intake rate of
48.74em was obscrved respectively. There was further reduction in soil-water intake rate

in month of July, for the cultivated land the infiltration rate was 17.12cm/hr and

cumulative water intake rate was 34.24c¢m while for the fallowed land the infiltration rate
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Table 4.5: Average Infiltration Rate (Cnv/r) For Various Land Use Practice.

(A)
Time (min) APRIL,
FALLOWED ILAND CULTIVATED LLAND

Cum. Water Infiltration ('um Water Infiltration rate
Intake (¢m) rate (cm/hr) Intake (cm) (cm/hr)

0 - - - _

| 0.73 44.00 117 70.00

2 1.32 39.50 2.18 65.50

5 2.05 31.36 4.73 50.08

10 4.43 20.00 8.35 50.10

15 5.98 23.93 11.25 45.00)

20) 7.28 21.85 14.72 44.65

30 10.02 20.03 21.27 42.49

45 13.78 18.38 30.03 40.05

60 17.55 17.55 38.93 38.94

7,5 21.00 16.08 47.08 37.67

90 24.57 16.38 55.82 37.21

100 26.48 15.89 00.18 36.10

120 30.47 15.23 70.32 35.54

B)

Time (min) MAY

FALLOWED LAND CULTIVATED LAND

Cum. Water Infiltration Cum Water Infiltration ratc
Intake (cm) rate (cm/hr) Intake (cm) (c/hr)

0 - - - -

I 0.90 54.00 1.48 89.00

2 1.52 45.50 2.58 77.50

5 2.65 31.80 5.15 61.08

10 4.17 25.00 8.77 52.060)

15 5.45 21.80 12.20 48.80

20 0.58 19.75 15.72 47.15

30.. 8.27 16.53 21.62 43.23

45 11.33 15.11 27.93 39.9]

60 13.67 13.67 37.90 37.90

75 51.75 12.60 44.92 35.93

90 - 18.08 12.06 52.13 34.76

100 19.70 11.82 56.52 33.88

120 22.60 11.30 64.57 32.28
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©)

Time (nin)

JUNE

FALLOWED LLAND CULTIVATED EAND
Cum. Water Infilirtion Cum Water Infiltration rate
Intake (cm) tate (c/hr) Intake (ci) (em/hn)
0 - - - -
I . 0.6 36.75 0.86 51.75 o
2 111 33.38 1.55 40,50
5 2.25 27.00 3.33 39.30
10 1.92 23.55 5.94 35.63
15 5.58 22.30 813 3251
20 7.16 21.49 F0.04 woir
30 10,14 20.28 14,44 28.88
45 13.73 17.85 20.69 27.58
o0 - 17.53 17.22 26.75 20.75
75 21.09 16.84 13278 20.22
90 24.88 16.59 38.54 12500
100 27.14 16.38 42.28 2533
120 31.76 15.88 48.74 24.37
L)
Time (min) JULY
FALLOWED LAND CULTIVATED LLAND
C'um. Water Infiltration Cum Water Infiltration raic
Intake (cm) rate (cm/hy) Intake (cmy) (ctn/hi)
0 _ . - -
1 0.82 49.20 0.96 57.060)
2 1.32 40.80 1.04 49.20
5 2.08 32.16 3.30 39.54
10 4.59 27.54 5.54 33.24
15 6.20 24.80 7.7 29.72
20 8.24 22 .82 9.07 27.54
30 10.05 20.05 1191 23.82
45 13.38 17.86 16,52 22.03
60 16.39 10.39 20.62 20.71
75 19.85 15.88 24.07 19.20
%) 23.01 15.3% 27.75 18.50 .
100 24.79 14.87 20.23 18.14
120 28.31 14.16 34.24 17.12




Table 4.6a: Average Infiltration Rate (Cm/Hr) For The Dry
Season For Various Land Use Practice.

Time (min) DRY SEASON
FALLOWED LLAND CULTIVATED LLAND
Cum. Water Infiltration Cum Water Infiltration rate
Intake (cm) rate (¢n/hr) Intake (cm) (cm/hr)
0 - - - -
1 0.82 49.00 1.33 79.50
2 1.42 42.50 2.38 71.50
5 2.05 31.58 4.94 58.58
10 4.30 25.80 8.56 51.35
15 5.72 22.87 11.73 46.90
20 6.93 20.80 15.22 45.90
30 9.15 18.28 21.45 42.80
45 12.56 16.75 28.98 39.98
60 15.61 15.601 38.42 38.42
75. 36.38 14.34 46.00 36.80
90 21.33 14.22 53.98 35.99
100 23.09 13.80 58.35 34.99
120 206.54 13.27 07.45 33.91
. Table 4.0b: Average Infiltration Rate (Cm/Hr) For The Wet
Seaons FFor Various Land Use Practice.
Time (min) WET SEASON
FALLOWED LAND CULTIVATED LLAND
Cum. Water Infiltration Cum Water Infiltration rate
, Intake (cm) ratc (cm/hr) Intake (cm) (cm/hr)
0 - - _ -
1 0.72 4298 091 54.68
2 1.22 37.09 1.60 47.85
5 4.93 29.58 332 3942
10 4.20 25.55 5.74 34.14
15 5.89 23.55 7.94 31.12
20 7.85 22.16 9.50 28.83
30 10.10 20.17 13.18 26.35
45 13.56 17.86 18.61 24 .81
60 16.96 16.81 23.69 23.73
75 20.47 16.36 28.43 22.74
90 23.95 15.99 3315 22.10
100 25.97 15.03 30.20 21.74
120 30.04 15.02 41.49 20.75
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was 14.12cn/hr and the camulative waler intake was 283 Tem. ‘These reductions significs
the intense rate of rain fall during those months (April and May) which the test was
carricd out.

Tablc 4.0A shows the average infiltration rate (ci/hr) for the dry scasons for the
various land usc practices which show that the cultivated Tand, the infiltration rate was
33.91em/br while the cumulative intake water was 67.45cm. The fallowed land the
infiltration rate was 13.27cnvhr and the cumulative water intake rate had a staggering
figure because at the 75" minutes, the intake rate increased to 36.38cm and at the 90"
minutes, it dropped to 21.33c¢m from were it increased gradually to 26.54cm at the 120"

“minutes. Table 4.6B shows the average infiltration rate (em/hr) for the wet scason for
various land use practice which shows that infiltration rate for the cultivated land was
20.75¢cm/hr while the cumulative water intake was 41.49cm and the fallowed land, the
infiltration rate was 15.02cm/hr and the cumulative water intake was 30.04cm. When the
data obtained from the dry and wet scasons were compared, the values of wet scasons
were known to have a higher water intake rate. On the average, as scen on Table 4.7, the
“infiltration rate for cultivated land was 27.33cm/hr and the cumulative water intake was
54.47¢m while for the fallowed the infiltration rate was [4.14cm/hr and the cumulative
water intake was 28.29cm. It was observed, therefore, that on the average there was a
lhighcr water intake rate in the cultivated land when compared with the fallowed land
which could possible be due to rocky underlay or hard capping cxisting in the fallowed

arca.
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Table 4.7: Average Infiltration Rate (Cny/1Ir) For 12 Weeks For
The Various Land Use Practice.

Time (min) JULY
FALLOWED LAND CULTIVATED LLAND

C'um. Water Infittration Cum Water Infittration ate
Intake (cm) rate (cm/hr) Intake (cm) (cm/hr)

0 - - - -

1 0.77 45.99 1.12 67.09

2 1.32 39.80 1.99 59.68

S . 2.50 30.58 4.13 49.51

10 4.28 25.67 1.15 42.89

15- 5.80) 23.21 9.83 39.01

20 7.39 21.4¥ 12.39 37.36

30 9.16 19.22 17.31 34.61

45 13.00 17.30 23.79 32.39

60) 16.29 16.21 31.05 31.08

75 19.42 15.53 37.21 29.77

90 22.64 15.10 43.56 29.04

100 24.53 14.74 {47.30 28.30

120 28.29 14.14 54.47 27.33

Figures 4.1 and 4.2 shows the graphs of average rate {I(cim/hr)} against clapsed
time {t (mins)} for cultivated and fallowcd land respectively, while figure 4.3 and 4.4
shows the graph of cumulative infiltration {I (cm)} against clapsed time {t (mins)} for
cultivated and fallowed land practices respectively. Figes 4.5 and 4.6 shows the graph
of Log (Ic — lo) against time {t (mins)} using Horton’s equation for cultivated and
fallowed land practices, when these graphs were compared with the graphs obtained from
the calculated figures using the estimated soil parameter on Table 4.7, a little deviation
was observed indicating lower values of obscrved data when compared with the values
obtained from the calculated data. Figurcs 4.7 and 4.8 shows the graph of cumulative
infiltration {1 (cm)} against clapsed time |t Y2 (mins)} using Philips cquation for
cultivated and fallowed land practices. When this graph was compared with the graphs of
the calculated data, a greater deviation was observed. Also on comparing the values used

to plot Horton’s equation a greater difference was observed between them. The graph of

infiltration {1 (cm)} against clapsed time it (mins)} using Kostiakov's cquation for
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cultivated and fallowed land practices as shown in ligures 4.9 and 4,10 respectively. The
graphs of the observed data when compared with that of the calculated data had a
negligible difference. Comparing the graphs of Philip, Horton and Kostiakavo's a greater
degree of accuracy was shown in terms of parameter that best describe the soil propertics
of the wirrigation [arm of the Federal University of Technotogy Minna Permancent Site,
Figs. 4.11 and 4.12 shows the graphs of infiltration rate |1 (¢cm/hr)} against clapsed time
it (mins)} for fallowed and cultivated land during the dry scason while Figs. 4.13 and
4.14 shows the graphs of infiltration rate { I(cmi/hr)} against clapsed time {1t (mins)} for
fallowed and cultivated land during the wet scason.

The graph of Fig . 4.15 above shows the best fit line for the graph of infiltration
rate- {I(cm/hr)} against clapsed time {t(mins.)} for 12weeks during which the mfiltration
rate test was carried out in the irrigation farm of the IFederal University of Technology
Minna, Niger State, Nigeria. The R square value for 12weceks 1s 89.9% for the whole farm
site while the equation that best describe this arca is given in form of Y = MXt Cas Y -~
0.48881x | 1.2192; where

M = slope = (0.4881

C = mtercept = 1.2192

X = vaniable factor =time
Fig. 4.16 shows the best fit line for the cumulative infiltration {i(cm)} against clapsed
time {t(mins.)! for 12 weeks during which the rate of infiltration of water into the soil
was carricd oul for the same site; the irrigation farm site of the Iederal University of
Technology, Minna, Niger State, Nigeria. The R square (R?) valuc was 84.99% which is

slightly lower when compared with that obtained in Fig. 4.15 below.
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Fig. 4.3 Cumulative infiltration {i(cm)} against clapsced time {{(mins.)} for

fallowed land (for 12 weeks).
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ig . 4.4 Cumulative infiltration {i(cm)} against clapsed time {t(mins)} for

cultivated land (for 12wecks).
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IFig.4.5 Log(l-1,)against clapsed time {t(mins.)} using lHorton’s cquation for
cultivated land.
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lig.4.6 Log(l-1,) against clapscd time {((mins.)} using Horton’s equation for

fallowed land.
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Fig. 4.7 Cumulative infiltration {i(cm)} against clapsed linw{t'm(mins.): using
Philip’s cquation for cultivated land .
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[Fig. 4.8 Cumulative infiltration {i(cm)} against clapsed time 102 (mins.)) using
Philip’s equation for fallowed land.
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Fig.4.9 Infiltration {i(cm)} against clapsed time {t(mins.)} using Kostiakov’s cquation for

fallowed land.
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Fig.4.10 Infiltration {i(cm); against elapsed time {t{mins.)} using Kostiakov’s
equation for cultivated land.
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Fig.4.11 Infiltration rate {I(cm/hr )}against clapsed time {t(mins.)} for fallowed
land during the wet scason.
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Fig. 4.12 Infiltration rate {I(cm/hr)} against clapsed time {t(mins)} for cultivated land

during the wet scason.
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FFig.4.13 Infiltration rate {Kem/hr)} against elapsed time {t(mins.)} for fallowed land during

the dry scason.
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Fig.4.14 Infiltration rate {I(cm/hr)} against elapsed time {{(mins.)} for cultivated land
during the dry scason.
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An (..,;L]Llull'()ll in the form of Y = MX 1C was also obtained, which is given as
Y ~0.5094X 9.04 31: where

M slope 0.5094

¢~ tereept = -9.04 31

X variable factor - time

From the above two equations it can observed that value for the intereept obtained

for figure 4.15 was positive while that for ligure 4.16 was negative which may due (o the
fact that water was being emitted/given of [ from the soil during the rainy scason.
The graphs for the various infiltration rates carried out arc shown in Appendix €.
These graphs were obtained using the data in Appendix B for the various land
management practice. It was discovered that the curve litting graphs drawn under
cultivated land showed similar shapes while those of the fallowed land were diflerent
which may be duc to the nature of the soil, the underlay and organic matier present in the
arca. Though, the conditions of operation were different, the results obtained compared
with Ahmed and Duru (1982) and that of Ezce (2000) under similar conditions the result

were found to be alimost the samc.

4.2 Predicting Infiltration Rate

Curve [itting was carried out as cxplained in section 3.5 and the chi-
squarc/regression and lcast square mcthods were used to calculate the excepted
infiltration rate data for the three equation as shown in Table 4.8 to 4.13 for the various
land management practice and various scasons (that is the wet and dry scason). The curve
fitting methods gave an almost same figure for a given parameter in the cquations
considered when the calculated data was compared with the observed data. For example,
when the observed data for the cumulative infiltration is compared to the calculated date

for the cumulative infiltration under Kostiakov's model (Table 4.8), it shows a negligible
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ditference between the calculated and the observed data, which makes the model more

closer in predicting infiltration rate when compared to those of Philip and Horton"s. 1t is

discovered from Tables 4.8, 4.9, 4.10 and 4.11 that Philip modcl had a higher deviation in

all cases tested which means that Kostiakov's model/equation adequately describes the

ficld experimental data predict the infiltration rates of soils within the irrigation farm of

the permancent site of the Federal University of Technology Minna, using the available

information’s on Tables 4.8 to 4.13. It was obscrved that the figurcs obtained for the

calculated cumulative infiltration was negative under the Kostiakov's cquation as shown

in Tables 4.12 and 4.13. This could be due to the fact that water was been given ol

during the rainy scason and also a clear indication that water is not required during, the

rainy season on the farm, instead water is given of{ which in turn accounts for the fadama

nature of some parts of the farm.

Table 4.8: Determination Of Goodness Of Fit Of Kostiakov’s Philip’s And Horton’s
Infiltration Models Using Chi-Square Test For Cultivated Soils On The Permanent

47

Site.

TIME | KOSTIAKOV’S MODEL | PHILIP’S MODEL HORTON’S MODEL

Min | Observed | Calculated | (0-E)Y/E | Observed | Calculated (0_[«?)2 Observed | Calculated

0)i(em) | (E)i(cm) L Oigem) | (B)igem) | JE_ | (0)d(cm) | (K)i(cm)

0 - - - - - - - -

IR 112100000 | 67.09| 4838 7236 | 6709|6370

20 199 194 000129 | 59.08 4178 | 7.009 | 59.08 45.52

s L a3y 406 | 0.00121 4951 | 3590 | 5.160 49.51 34,60

10 7015 713 | 0.00006 4289 | 32951 2999 | 4289 30.79

5 9.83 9.93 | 0.00101 3901|3164 | 1717 ] 3901|2975

20 12.39 12.56 | 0.00230 3730 3086 | 1369 3736 | 2914

30 17.31 17.50 | 0.00206 34,61 29.93 | 0.732 34.61 28.54

45 23.79 2439 [ 001460 | 3239 29.17 | 0.355 3239 2814
60 31.05 3088 | 0.00094 | 31.08 28.72 | 0.194 308 | 2794

75 37.21 37.07 | 0.00005 29.77 2842 | 0.064 | 2977 27 81

90 43.56 | 4305 0.00604 | 2904 2819] 0026 | 2904 | 2773

100 47.30 | 40.93 | 0.00292 | 28.36 28.07 | 0.003 | 28.36 27.07

120 54.47 5450 | 0.00002 2733 2787 | 0.0107 ] 2836 27.63

[ Total o X'=eods| 0 x'=arsmalf X

05

K
0.180
4.405
.425
4588
2.882
2319

1291
0.642

0.353
0.138
0.062

00106

T 0.0033

=23.3043




Table 4.9: Determination Of Goodness Of Fit OF Kostiakov® s, Philip’s And Horton’s
Infiltration Models Using Chi-Square Test For Fallowed Soils On The On 'Fhe
Permanent Site.

Table 4.10:

TIME | KOSTIAKOV'S MODEL PHILIP’S MODEL HORTON’S MODEIL.
Min | Observed | Calculated | (0-E)* | Observed | Calculated | (0-5) | Observed | Calculated |
L Oiem) | (E)i(em) /E )i (emy | (E)i(cm) K 0)i(em) | (E)i(cm)
o bb 07 078 ] 0.00013 3500 | s gssa | s 43.84
2 1.32 129 | 0.00069 39 .80 25.17 8.504 19,80 28.99
5 2.560. 255 0.0004 30.58 2042 5.055 3058 20.08
10 428 | 430 0.00009 | 2567 18.03 3217 25.07 17.11
IS sS0 | ssa 000027 | 23210 160.97 2.287 2321 16.22
20 739 ©7.20 | 0.00233 2048 | 16,34 1.017 21.48 15.02
| 9or 0861 000634 | 1922 1559 842|192 1503
B 7__4‘5:; 1306 | 1341 ()}»0()11 1730 | 1498 0.359 17.30 14.80
60| 1629 | 16681000912 | 1621 ] 1462 0.173 16.21 14.63
75 1942 19.75 | 0.00551 1553  14.37 0.094 15.53 14.54
90 22.64 22.68 | 0.00007 15.10 148 [ 0.000 [5.10 RERY;
100 | 2453 | 24.57 | 0.00007 1474 | 1408 0.031 14.74 1444
120 - 2829 25.22 0.00017 14.14 1393 | 0.0032 14.14 11.39
Total X' 0.03395 X' 37.726 Xt

0y

/%

0.105
4.301
5491
4.28
3118
2.198
1.1006
0422
0.171
0.0674
0.0274
0.0002
(.0043
21.030

Determination Of Gooduess Of Fit Of Kostiakov’s, Philip’s And

Horton’s Infiltration Models Using Chi-Square Test For Cultivated Soils In The Dry
Seasons On The Permanent Site.

| HORTON’S MODEL

TIME | KOSTIAKOV'S MODEL PHILIP’S MODEL
Min Observed | Caleulated (0-E?~> Observed | Calculated (O-E)Z/E Observed | Calculated
(0)i(cm) | (B)i(cm) /E (0)i(em) | (E)i(em) Witem) | (E)i(em) |

0 - - - - - - - -
i 1.33 1.35 | 0.0003 79.50 14.419 | 293.7409 79.50 79.40
2 2.38 2.32 1 00016 1 7150 |  13.440 } 2508157} 7150 ) 7931
R A Y 12.571 | 1683898 58.58 79.00
10 856 8601 00002 5135|1233 | 1267595 | 5135 78.55
E 11.73 1202 | 00070 | 4690 | 11939 | 102.3764 4690 | 78.09
20 1522 1525 0.00006 4590 | 11824 | 982048 | 4590 |  77.00
30 2145 21.35 | 0.00047 | 42.86 11.686 | 831009 | 4286 |  76.72
45 28.98 2089 | 00277 | 3998 |  11.574| 697167 | 3998 | 7539
60 38.42 37.97 | 0.00533 38.42 11508 | 629349 | 3842 | 7410
75 46.00 45721 0.00171 36.80 11462 | 56.0124 3680 | 7284
90 5398 53221 00011 35.99 11428 | 527907 | 3599 | 7165
100 5835|5809 [ 0.00116 | 3499 | 11410 | 487306 | 3499 | " 70.86
20| 6745 67.61 | 000038 | 3391 | 11381 | 415968 3391 6.3

Total | X*=0.0563 |  XP=14582361 |

48

C(0-E)
e

—

000010

0.7691
52782
Y4187
0.0046
12,9496
149439
l() () 318

| 171803

B 17.83.19
17.7479
18.1577

8103y

)g = 1490171




Table 4.11:

Determination Of Gooduess Of Fit Of Kostiakov's, Philip’s And

Horton’s Infiltration Models Using Chi-Square Test For Fallowed Soils In 'Fhe Dry
Seasons On The Permanent Farm.

[ TIME | KOSTIAKOV'S MODII, PHILIP’S MODEL,
Min | Observed | Calculated (()—Eif Observed | Caleulated
(QLi_(glm (E) i (cm) /E (0)i(cm) | (E)i(em) |
0 - -
1] 082 o 7399 | 0.0060 doa0 | 500 |
20 042 120760 ] 0.0183 42.50 5.271
5 2,05 2.5509 | 0.0034 3158 1.888
10| 430 43619 0.0009 | 2580 |  4.695
IS . 5.72 59659 | 0.0101 | 2287 4.009
20 693 74522 | 00300 2080 | 4559
30 915 10.1989 | 0.1079 18.28 4.498
45| 1250 | 139611 | 0.1406 10675 4.449
60 1561 17.4408 | 0.1934 | 156l 4.419
T 36.38 207404 | 117933 | 1434 | 4399 |
90| 2133 23885 02740 | 1422|4384
100 23.09 | 259215 03093 | 1386 | 4376
120 26.54 29.8509 | 0.3685 1327 [ 4304
Total X’=13269 |

| Observed |
| (0)i(em)

4900

42 .50
3158

2580

22.87
20.80
18.28
16.75
15.01
14.34

14.22

13.86

4 ) H ?7 I
_ _,,_xizl,! s0.409 |

HORTON’S MODEL™

Caleulated | (0-F)/1
(K)i(cm)

ARRS | 0.0003
48.70 0.804
4812 5.857
4784 10.154
47.27 12.595
46.72 14,380
45013 16.393
44.07 16930
42.58 17.083
41.17 17.485
39.82 16.458
3890 16.171
%7 1? 15.498

X =159, 8]4

Table 4.12: Determination Of Goodness Of Fit Of Kostiakov’s, Philip’s And
Horton’s Infiltration Models Using Chi-Square Test IFor Cultivated Soils In The Wet
Seasons On The Permanent Site Farn.

MORTON’S MODEL

Observed

(0)i(em)

Calculated

()i {cm)

54.59

IME | KOSTIAKOV'S MODEL PHILIP’S MODEL
Min | Observed | Calculated | (0-E)YE | Observed | Calculated | (0-1)!
(©)i(em) | (E)i(cm) O iem) | (K)igem) | /K
Q . - - -
I 091 03129 5468 | 8517
2 1.60 81488 | 4785 7.917
S| 332 34598 | -13.2856 | 39.42 7.385
10 5.74 234481 | 3444 | 7017 |
B 794 | -11.5438 | -32.885I 3112 6.998
20 956 | -152025| -40.3342 ] 2883 6.927
30 13I8 221093 | 5563203 | 26.35 0.843
150 1801 | 318041 | 799130 24 81 6.774 |
00 23.09 | -40.9735 | -102.0506 273 | 6.734
75 2843 | -49.7711 | -122.8707 2274 6.706
90 | 3315 | -58.2833 | -143.438] 2210 | 6.685
100 36.26 | -63.8276 | -156.9466 2174 6.674
1204149 | 746550 | -180.6933 | 2075 | 6.656
Total =-960.0281 X!= mz 154

49

S48 5459
47.85 54.52
3942 5428
"A 3444 53.88
3112 53.48 |
70 2883 1 53.09
26.35 53.32
24 81 51.21
3| 5003
22.74 49.09
22.10 48.09
21.74 47 44
2075 4e.1¢

00001

40682

11.0858
13.4180
1 3.6098
13.9031

14.1439
140462
13.9226

l4()|l(>

Y"—- 129.3879

(0-K)F
N
0.8160

7 ot %‘)
‘) 3487




Table 4.13: Determination Of Goodness Of Fit Of Kostiakov’s, Philip’s And
Horton’s Infiltration Models Using Chi-Square Test For Fallowed Soils In 'The Wet
Seasons On The Permanent Site Farm.

IIME | KOSTIAKOV'S MODEL, | PHILIP'S MODEL
Min | Observed | Caleulated | (0-E)YE | Observed | Caleulated | (0-E)}
| Oy igem) | (E)i(cm) Oyiemy | (E)igem) | /E
0 - - - -
T R REVAIN BETEEP SRV T YT B TO N R TE R P
2 122 84909 | 111121 37.09 4.882 | 212.486
5 493 | 239077 | -34.7843 | 2958 4.509 | 139400
10 4206 | -52.2332| -01.1006 | 25551 4320 104332
E 5891 -82.4909 | -94.6915 | 2355|4238 | 88.002
20 785 | -114.0759 | 130316t | 2246 | 4189 | 77.096
30 10.10 | -180.1370 | -200.9093 2007 | 4190 62.296
45 13.56 | -284.4438 | -312.2102 | 1786 |  4.082| 4G
60 1696 | 3933200 | 4279774 | 1681 | 4053 | 40.153
751 - 2047 -505.7424 | 4656309 | 1636 | 4.034 | 37.662
90| 2395 -621.0570 | -669.8812 15.99 4019| 135657 |
100 | 2597 | -699.3266 | -752.2310 15.63 4012 | 33.644
20| 3004 | -858.7780 | -919.9094 1502 3999 | 30373
[ Total | X! =-4076.2344 |  X'=1175.350

46,505 |

HORTON'S MODEL,
“Observed | Caleulated
0}i(em) | (E)i(cm)
'"“’2299'”"‘420{
37.09 42.83
29.58 42.62
25.55 42.20
PARY 4191
22,16 41.50
20.17 40,48
17.86 19.89
16.81 38.94
16.36 38.03
TT1809 ] 375
15.63 36.5%
15.02 15.49
X

0y
/K

000011
0.70693
39597
G.0073
8.0432
9.0558

10.4918
12,1665
(25767
12.3479
12,0524
[1.9984
11,8067
111.9058

Table 4.14 Estimated Soil Parameters For Infiltration Fquations For Curve Fitting
For 12 Wecks.

[ Land Use Practice | Estimated Soil [ Estimated Soil Estimated Soil
Parameter Parameter Parameter
(Kostiakov’s) (Philip’s) (Horton’s)
Cultivated Soil M =1.069 A=25811 I, = 67.09
' n=0.%821 S=—45.131 .= 27.33
b =0.054 M = 0.0006
J-298
TFallowed Soil [ M=0.741 ClA=1225% |1, 4599
n=0.760 S = 26.5006 I, 14.14
b=0.034 M = 0.0081
@ =298
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Table 4.15 Estimated Soil Parameters For Infiltration Equations For Curve Fitting

Equations For Dry And Wet Season

Estimatcagoil l’arumictcr

T o
Estimated Soil Parameter

Estimated Soil
Parameter (Horton’s)

Land Use
Practice (Kostiakov’s) (Philip’s)

, Dry Wet Dry Wet | Dry
Cultivated |{M=1.2454 | M=-1.3970 | A=06.6865 | A=4.091 |I,=
soil n- 0.834 n - 0.8303 S 11074 S 6.40691 M -

b--0.102 b 1.9074 (.0
K

0.0(

Fallowed | M=0.7269 | M~ -3.9057 | A~ 2.9456 | A ~2.8082 |1,
Soil n= 07759  1n=1.1265 | S—4.2292 | S 38257 |1l
b~ 0.023 b =0.0303 M
K

r

=-0.003

79.50
)57

121
49.00

13.27
-0.009

Wet
I, = 54.68
I. 2075
M

-0.00065
L, 4298
I 1502
M

-0.0072
K

-0.0020

The result is similar to those of Eze (2000), Wuaddirira (1998) and Ahmed and

Duru (1985) who used similar models for the soil of Minna Niger State and Samaru in

Zaria (Kaduna State) respectively. The Kostiakov’s modcel is presented by the expression:

Where I = accumulated infiltration (c¢m)

l=M"1Db

M, n and b = constants.

t = elapsed time since infiltration started (minutes).

The parameters M, n and b have been cvaluated for the tested soils by the method of

average as suggested by Davis (1943). Differences were obscerved in the values for a

particular area (within the same arca or location), which may be because of the soil

heterogeneity and variations in the surface conditions. It was discovered that sandy loam

soil upon wetting started with very high valucs from 114 cm/hr in the first few minutes to

43.35 cnv/hr at the end of the time of 2 hours for sites 21,2223 and 24 all under the same

month of May and a gradual reduction in the rate of infiltration was obscrved in site 20,

though relatively high also.
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The end values of cach data for the infiltration rate in centimeter per hour was
grouped according to the classification of the American socicly of civil engineers found
under the manual of engincering practice, no 28 (ASCE, 1949). These results were
compared with that obtained from the classification bascd on the soil textural tiangle in
'Iﬂ’uhlc 4.3, A clear difference between the two was observed, exeept for a few cases where
the classification corresponds, for example site 6 which implics that the hydiological
grouping mcthod based on infiltration rate be studied over a long period of time.

Table 4.16 shows typical infiltration rate valucs according to ASCHE (1949) used
for soil grouping. The corresponding cover factor for savannah region was sclected to be
0.985 (ASCL, 1949). On multiplying this cover factor with values in Table 4.16 resulted
ln values showed in Table 4.17. These set of values where then used (o classily the soil in
the study area bascd on the measured soil intake characteristics ( inliltration rate).

Table 4.16 Typical infiltration rate [ (cnv/hr)} values with corresponding soils

. Soil group 1 (cm/hr)
High (sandy soils) 1.27 - 2.54
Intermediate (loam, clay, silt) 0.254 1.27
Low (clay, clay loam) 0.0254 - 0.254

Source: ASCE (1949)

Table 4.17 Typical infiltration rate {1 (cm/hr)} valucs after it were multiplied with a cover

factor of 6.985 with the corresponding soils.

Soil group 1 (em/hr)

High (sandy soils) 8.87 —~17.742
Intermediate (loam, clay, silt) 1.774 - 8.87
0.1774 - 1.774

Low (clay, clay loam)

52




It was obscrved that site 23 had a very high infiltration rate, which implics that the
arca is predominantly sandy soil. Sites 1,2,9 and 21 closely followed by site 23, they also
have a relatively high infiltration rate though not as high as in site 23.

The rest of the site were predominantly known to have low rate ol infiltration,
which implics that they were mainly sandy, loam, clay and silt soils as shown in Tablc
4.11, which docs not completely correspond with the classtlicaton of Adesoye and
partners who carried out the soil survey of University permanent site (Fig. 4.15). Trom
the map they produced, clear dilterences were observed with the classilication, which was
carried out using the infiltration rate method. For example, the arca classified as clay soils
(B) on the Adesoye soil classification map when compared with the map obtained based
on the infiltration rates showed that the arca was more of sandy soil than clay soil. Tig.
4.19 shows some of the distances of the sites [rom the starting point of bearing A, B and

C, the distances calculated and the respective benchmarks are presented in Appendix D.
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TABI,E 4.18 Soil Classification Based On The End Data Of Infiltration Rates.

SITE | INFILTRATION RATE (CM/HR). | CLASSIFICATION | TYPE OF LAND
1 44.70 High Cultivated
2 46.20 High Fallowed
kY 36.75 High Cultivated
4. 29.00 Tigh Fallowed
5. 10.85 ITigh Cultivated
0. 6.25 Intermediate FFallowed
7. 2.40 Intermediate Cultivated
8. 6.15 Intermediate Fallowed
9. 49.55 ITigh Cultivated
10 9.95 [ligh Fallowed
11 39.95 thgh Cultivated
12 20.60 High IFallowed
13. 7.90 Intermediate Cultivated
14 9.60 High Fallowed
15 10.00 High Cultivated
16 20.35 High Fallowed
17 11.35 IHigh Cultivated
18 8.60 Intermediate lallowed
19 21.30 High Cultivated
20 4.30 Intermediate Fallowed
21 {4335 High Cultivated
22 32.05 High Fallowed
23 | 62.70 (Very) High Cultivated
24. 30.00 High Iallowed
25 19.10 Iligh Cultivated
26 39.35 High Fallowed
27 06.65 Intermediate Cultivated
28 6.70 Intermediate Fallowed
29 - 12745 High Cultivated
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Hhigh

High

32 33.05 T High
33 4.50 Intermediate
34 6.15 Intermediate
35 490 T mamediate
36 6.30 Intermediate
37 | 3775 High
38 | 2740 Cligh
39 | 2490 ~ High
40 645 1 High
.41 2255 High
a2 | 2500 . High
a3 S 2415 B High
44 1830 High
45 2300 | migh

7.70

16,10

12.25

49 | 1845

50 1075

51 12.50 i

52 | “s80
sy | 135 i ’
54 | 23.10
55 15.30

Intermediate

" lhgh
" Intermediate
" Intermediate
i ligil
T Thgh
" intermediate
l.li gh

7 mr;intcmiédiate—ﬁ

~ Cultivated

"~ Cultivated

 Fallowed

IFallowed
Cultivated
Cultivated

Fallowed

~ Cultivated

Fallowed

" TFallowed
Cultivated

" Fallowed
Cultivated

Fallowed

"~ Cultivated

IFallowed

Fallowed

T Culivated

Fallowed

Cultivated

© 7 Fallowed

" Cultivated

Fallowed

" Cultivated

* Cultivated
Fallowed
Cultivated

" Fallowed

~ Cultivated

FFallowed

" Fallowed
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Fig. 4.15: Subsoil classification map according to Adesoyc and Partners (1994)

A | Clayey Silty Soils

R | Clay Sotls

C. | Soft Clayey Soils

ey

Silty or Clayey Gravel or Sand

1)
I ' L1ills
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CHAPTER F1VE

SUMMARY, C()NCI,USION AND RECOMMENDATION
5.1 Summary
The aim of this study was to detcrmine the inﬁllralio.n rates of somé selected soil
under various management practices and to classify the soils according to hydrological
groups based on infiltration rate. Also the aim is to predict relative infiltration rates of
some time dependent infiltration equations and determine which equation that best fits the
permanent site of the University farm. This study iﬁvolvcd the use of double-ring
infiltrometer to measure infiltration rates of soils left to fallow and those under
cultivation. Some factors affecting infiltration includes the texture, management practice
and bulk density the most important. Light textured soil were observed to have a higher
infiltration rates than the heavier textured soils which is duc to the large conducting pores
in sandy soil. Cvltivated lands normally have lower values of infiltration rates than those
of fallowed soils. Put the presence ¢f hard capping over shadow the effect of fallowed
land: a soil with kard capping can have lowcr infiltration rate in a cultivated soil. Surface
bulk density is directly proportional to inﬁ.llration rate since it is rcl:ilcd to soil texture.
52  Conclusion
It was discovered that
(i)  The infiltration rates of the tested soil range between 5.80-46.20 cm/hr. This
infiltration capacity can become stable over a long period of lilﬁe say cight
yeats (Scrrano, 1990).
(i)  Bascd on the end data obtained from the infiltration rates, classification of the
various soils on the irrigation farm of the Federal University of Technology
Minna was made possible. "The soil grouping of the \csicd soils of the

irrigation farm was carricd out with the soils been divided into the high
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(iif)

(iv)

(v)

infiltration rate (sandy svils), the intermediate infiltration rate (Loam, clay and

silt) and the low infiltration rate (clay and clay Loam).

Kostiakov’s equation showed a better performance over those of Philip and
Horton’s equation which is known to have the following parameters for
cultivated soils of the irrigation tarm site, M=1.069, n=0.821 and b=0.054
while for the fallowed soils of the same location as M=0.741, n=0.760 and
b=0.034, bascd on there valucs, a higher degree of calculated infiltration data
is obscrved in the casc of Kostiakov than those of llorton and Philip’s
equation. |
The equation that best dascribe the irrigation farm of the Federal University
Technology Minna, Niger State, Nigeria; is given as Y=0.4881x + 1.2192;
while that which describe the graph of cumulative infiltration against elapsed
time {t(min)} as Y=0.5094x-9.0431 for the same area; where x is the time.
The infiltration tests performed during the dry scason are preferable, as tests
performed in the wet scasén arc unlikely to reflect the stable soil
characteristics which shows the influence of antecedent soil water content on

the measured infiltration capacitics.
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5.3  Recommendation

It is recommended that Kostiakov's equation is appropriate for the tested soils and
other similar soils of the Federal University of Technology, Minna. The usefulness of this
infiltration model equation can be uscd to design and carcfully plan irrigation projects on
this part of the campus. A theoretically derived equation may have physical significance
but the assumptions made could cause scrious deviation {rom ficld conditions. Secondly,
the application of Kostiakov's equation is best applied to irrigation works where there is
ponding and is therefore best for border and basin irrigation methods.

Thirdly, the infiltration grou‘ping carricd out is tentative because the data is
insufficient for comprehensive soil grouping in the guinca Savannah zone. The best
would have been to collect data from other parts of this zone for the adequate grouping.
The soils tested have been put into three different infiltration groups. Any other soil not
tested can be put into any of the groups to which its description best fits.

Finally, it is recommended that similar work should be carricd out in other part the

guinea savannah zone where such work has not been done.
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APPENDIX A

SOIL
 DESCRIPTION.



A-1: Soil surface description at the time the measurement were taken are as follows
SITE 1

The site was discovered to have dry grasses with few shrubs scattered around the area.
Traces of ridges were seen around this arca. The soil was very hard with traces of medium size
quartz stones.
SITE 2

The site was scen to have dry grasses and sparsely populated trees/shrubs. Traces of
sprouting grasses the arca was of a gradual slope with a dry stcam path not far.
SITE 3 |

The area was cultivated by a tractor (harrowed) with fresh grasses seen growing around the
area, which was of a gentle slope
SITE 4

Cultivated area, ridges were made of hand with yams that have not been harvested. Few ant
holcs were very feasible few shrubs can be seen.
SITE S

Feasible ant holes with little anthills around. The arca had few scattered shrubs. The area
was cultivated, because of the presence of the corn stacks that were scen.
SITE 6

The site had few scattered trees, with the presence of the nomadic farmers on the land. The

area was a flate land with little grasses sprouting here and there.

SITE 7

'The arca hard scattered shrubs. This was a vfud_nmu arca though the stretch was not large
enough. I-leévy black soil, dry and creaked. The surface was covered with short green grasses,
which survived the dry season.
SITE 8

The area was made of fine sandy soil with particles of clay sand. The area had more of dry

grasses around to show that no from of farming during the previous scason. Presence of scattered

shrubs.
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SITE 9

The arca was seen to have ridges though very small in size with a fairly brownish
“soil with the presence of medium size quart stones. Gradual gentle slope.
SITE 10

Almost flat Tand. with scattered shrubs and sprouting. grasses present. Nomadic
settlement was scen the nature of soil was light gray with scattered medium size quartz.
Not too far was big rock.
SITE 11

The area has a thin bush with scattered shrubs. The soil was fairly gray in colour
with patches of medium size quartz present this arca was farmed the previous scason.
SITE 12

The same thing was obscrved as of site 10
SITE 13
| A fadama arca. which shows the presence of rice stocks around. heavy black
clayey soil was seen. Grasses scen here showed that they survived the dry season.
SITE 14

The arca has been under fallow for some yvears. This was confirmed by the nature
of grasses, which was scen around heres which v ere tall. Plenty termites and ants were
seen in the arcas a day after the rainfall.
SITE 15 :

A flat land with scattered shrubs, Shows the arca was under intensive farming.

The nature of soil was tight brown in colour.

SITE 16

What was observe here was not inanyvway different from what was seen in site 13
SITE 17

A fadama area dark grav soil was observed with medium size quartz particle
present. Scattered shrubs were seen. With the presence of anthills of moderate height, not

Mary though about three was scen.
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SITE 18
Flat smooth Tand, with scattered shrnbs predominately white Land woil with
patches of erav and brown soil was observed. The arca was cultivated durine. The L
Jarming scason as ground milt shells and items were observed.
SITE 19
Gradual gentle stop. the Dan Zaria danmy was a prominent Teature along with the
dagga river: the arca was a fadama zone with heavy dark soils seen. Some of which were
looking diy.
SITE 20
Fhe arca has a gradual undulating slope with scattered shrubs around the Tand.
Close to the riverbank was a thick devise forest like collation of trees and dark colored
‘ soil was observed. The arca was cultivated with rice.
SITE 21
This 1s a fallowed fadama land. heavy black clay soil grains of particle. The
surface was covered with dey grasses most ol which survived the day season SNao o

activity was seen but plenty ol ants were seen.

SETE 22

The arca was under fallow and the nature of soil scen here was hight gray in
colour with traces of white sandy soil present. The Tand in this arca was flat.
SITIC 23

From here the rail serving as the boarder at the Northern part of the main caonpires
could be seen. The land was under cultivation. Light brown soil with medium size quaits
was also seen.
SITE 24

.- The arca here was a Fadama arca with mixture of heavy dark clay sotlb and vk

brown soils with patches of medium size eranular quantzs Dan Zavi dame was vens
obvious,
SITIE 25

IFirst grasses were seen Lo be growing. The soil was light brown in colour,

Activities of cultivation were observed.
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SIUTE 26

s arcac was close to o stream. wlinceh had just started lowing becare ol the
heavy rainfall the previous two days. The arca had a tightish brown swith paiches of
granular quartz. The arca was almost flacwith fresh graces seen coming up erowing.
SITLE 27

The same thing was observed in teems ol the colour of the sotl as i site 6.
though no stream was seen around here,
SITE 28

This arcawas a flat land, grasses were seen growing around the arca and the arca
was previously cultivation because of the traces of trimly ridges that were seen. Not fan
fresh ridges were seen as farmers prepare (80 the new planting scason.
SETE 29

An almost at Tand which 1s under cultivation. Dark clay soil was seen around

with some sparsely populated giant stones - were obvious.
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A -2 PROFILE DESCRIPTIONS OF THE SOIL UNITS.

SOIL UNIT

Parent Material

Vegetation

Micro topography

HORIZON DEPTIL

0 —25cm.

25-50 CM.

SOIL UNIT 2

Parent material

Vegetation

Micro topography

HORIZON DEPTH

0-25CM.

25— 50CM
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SITE 1.

IFine colluvial-loessial
Scattered grasses
Upper slope

DESCRIPTION

Light Dark sandy clay was seen, with
Massive structure, land dry firm most
soil, slightly plastic in nature  with
patches of gravel, with grass roots
present within this arca.

Very few roots were seen i this zone.
Pale sandy clay soil, weak medium
subangular blocky structure, dry, hard
and firm soil slightly plastic, sticky
and wet the boundary was clear and
smooth.

SITE 2.

Collivial - loessial

Scattered grasscs

Gentle slope

DESCRIPTION

Brownish sandy loam soil was scem

with scattered medium  size  quartz
particles present. Traces of grass and
shrub roots were seen also. The soil
was hard and dry.

Very few roots of grasses were seen,
the soil having same colour but with

less presence of roots in this region.



SOIL UNIT 3.

Parent material

Vegetation,
Micro topography.
HORIZON DEPTII

0 -25CM.

25 CM -50 CM.

SOIL UNIT 4

Parent material
‘Vegetation

. Micro topography
l'lORliON DEPTIHI
0-25CM.

25 -50CM

SOIL UNIT S

Parent material

Vegetation

Micro topography
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SITE 3 AND 4

Basement complex.
Short grasses

I'late land.
‘DESCRIPTION.

Dark sandy clay soil was obscrvid.

I'ew roots were seen probably dew to
active farming been carried out here by
the use of the tractor. The soil here
was hard and dry.

Darker sandy clay was obscrved and
fewer roots present. The soil was hard.
SITE 5

Basement complex

Short grasses

lower slope. (Gentle in nature).
DESCRIPTION

Slightly ~ plastic  sandy  loam  soil

(Brownish) was scen with very few
small sized quartz particles present.
Very few ant holes were observed.
Roots of grasses and planted crops
were seen in this zone.

Plastic sandy loam sotl, very few roots,
no ant holes was scen. Hard and dry in
nature.

SITE 6.

[Losessial-colluvium

Short grasses

Flate land



HORIZON DEPTH

0 —25CM.

25 -50 CM.

SOIL UNIT 6

Parent material
Vegetation

Micro topography
HORIZON DEPTIH

0-25CM

25 -50CM

SOIL UNIT 7

Parent material
Vegetation

Micro topography
HORIZON DEPTH
0-25CM.
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DESCRIPTION.

slightly plastic dark sandy clay was
obscrved. Plant roots were seen along
sides some pods of grandaunt. Thinny
particles  of sand were  felt when
touched.

Plastic darker sandy clay was obscrved
and cut off. The nature of the soil
remained the same.

SITE 7.

'ine colluvial - locssial

Short grasses

Upper slope

DESCRIPTION

Dark sandy clay massive structure,

plastic and sticky, few medium roots
were seen.

Dark grayish —brown clay, very wecak
sub-angular blocky dark  ycllowish
brown mottle, hand dry, [irm moist;
plastic and sticky wet; few, very fine
vertical — horizontal,  tubular  and
interstitial pores, few fire roots.

SITE 8 AND 9.

Basement Complex
Short grasses

[Flate land
DESCRIPTION.

Very dark  grayish brown coarse

clay; massive structure; hard dry, firm:



25 50CM.

SOIL UNIT 8.

JParent material

Vegetation
Micro topography
HORIZON DEPTH

0 -25¢m

25 - S50CM.

-SOIL UNIT 9

Parent material

Vegetation

Micro topography
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and fairly sticky, common very fine
and few medium roots, abrupt smooth
boundary.

Dk yellowish brown  clay.
moderately weak sub angular blocky
structure, hard dry. firm; plastic and
very sticky, common very fire and
vertical  oblique  tubular pores: very
few  fine  rools,  abrupt  smooth
boundary

SITE _10.

Basement Complex

Short grasses

Flate land

DESCRIPTION.

Pale  brown gravelly  concretionary

sandy loam massive structure,  hard
dry, firm moist, slightly plastic and
sticky when wet, few codrse roots,
gradual smooth boundary.

Brownish yellow gravelly
concretionary — sandy  clay  loam;
massive structure; slightly hard clay.
slightly — plastic  and  sticky — wel,
common fine vertical oblique random
vesicular and interstitial pores; abrupt
smooth boundary.

SITE 11,12 AND 13.

Alluvial deposit
Short grasses

Ilate land



HORIZON DEPTH

0-25CM

25 - S50CM.

SOIL UNIT 10.

Parent material

Vegetation
Micro topography

HORIZON DEPTH

0 - 25CM.

25-50 CM.
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DESCRIPTION.

Very dark brown coarse clay was scen;
massive stracture; hard dry, firm mist:
plastic and sticky wet; very fine and
few medium  sized  roots,  abrupt
smooth boundary.

Dark yellowish brown clay, hard dry,
moderate  weak  subangular  block
structure, plastic and very sticky when
wet; very fire and  vertical  oblique
tubular pores was scen with very fire
few roots and abrupt smooth boundary

Was sein

SITE 14.

Losessial-colluvium
Short grasses
I'late land

DESCRIPTION.

Light yellow brown sandy loam, weak
finc and medium subangular structure;
soft and slightly hard dry, slightly
plastic and slightly sticky when wet;
firc and medium horizontal random
interstitial - and  tubular  pores,  very
common, very fire and finc roots:
abrupt smooth boundary.

Reddish  brown clay loam; strong
medium subanqular structure;
continuous and brown shirring dark
brown cutans on peel  surfaces.

common fine  coarse,  horizontal,



SOIL UNIT 11

Parent material

Vegetation
Micro topography

HORIZON DEPTH

0-25CM.

25-50

SOIL UNIT 12

Parent Material

Vegetation
Microphotography
HORIZON DEPTH
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vertical tubular and interstitial pores,
very few, very fine roots; gradual
boundary.

SITE 1S AND 16

Iine losessial-colluvium
Short grasses cover
Upper low slope

DESCRIPTION.

Sandy loam, very weak fine and
medium subangular blocky structure;
loose dry, very friable moist, non-
plastic and sticky wet; very few swan
hard black and reddish brown red and
irregular concentrations; common fine
vertical and tubular pores; very few
coarse roots; abrupt smooth boundary.
Reddish - brown  sandy clay  loam;
moderate finc and medium subangular
blocky structure; hard dry, [riable
moist, plastic and sticky wet; broken
and patchy, common, finc vertical and
oblique, interstitial and tubular pores;
frequent, small hard reddish brown
irrcgular iron  concretions  very  lew
coarsc  roots,  gradual  smooth
boundary.

SITE 17 AND 18

IFine loessial-alluvial deposit

Moderately high grass land
Valley bottom (I'adama fringe)

DESCRIPTION.




0-25CM.

25-50cm.

SOIL UNIT 13

Parent Material

Vegetation
Micro topography.
HORIZON DEPTII

0-25¢m

25-50cm
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Dark  gray sandy loam. few  fine,
distinet, clear, dark reddish brown
mottles very weak crumb tending hard
dry shightly firm moist and non-sticky
when wet; many very fine and few
vertical,  horizontal,  tubular  and
interstitial pores; common, very line
and few medium roots; abrupt smooth
boundary.

Reddish yellow distinet clay Loam;
many [inc to faint district reddish
brown o red  mottles,  massive
structure; hard dry, firm moist; plastic
and sticky when wet; common very
finc vertical, horizontal, tubular and
interstitial pores; few fine roots: abrupt
smooth boundary.

SITE 19 AND 20.

losessiat-alluvial deposit

Short grasses with thick weed cover.
I'late Land

DESCRIPTION.

Very dark grayish- brown coarse clay,

massive structure, hard when dry, firm
moist, plastic and sticky wet; common
very fine and few medium roots;
abrupt smooth boundary.

Dark ycllowish-brown clay subangular
blocky structure; hard dry and [irm
moist; plastic and very sticky when

wet; few fine; faint dark yellowish-



SITE UNIT 14

Parent Material

Vegetation
Micro topography.
HORIZON DEPTH

0-28

25 -50CM.

SOIL UNIT 15

Parent Material

Vegetation
Micro topography.
HORIZON DEPTH

0 -25CM
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brown mottles; common very fine and
vertical  oblique tubular pores;  very
few  fine  roots;  abrupt  smooth
boundary.

SITE 21 AND 22.

Mixture ol alluvial deposit and
basement complex

Short grasses.

I'late Land
DESCRIPTION.

Brown sandy loam; weak presences of

clay, medium blocky structure, plastic
and sticky when wet, common very
finc and few medium roots, abrupt
smooth boundary.

Strong brown sandy loam; moderatc,
medium subanqular blocky structure;
slightly hard, plastic and sticky when
wet few root channels, patchy and
broken dark brown fine carth,

SITE 23. AND 25.

Alluvial deposit

Short grasses with thick weed cover.
Valley bottom. (Fadama)
DESCRIPTION.

Very dark  grayish - brown clay,

massive structure, hard when dry, firm
moist, plastic and sticky when wet,
common very line and few medium

roots abrupt boundary.



25 - 50CM.

SOIL UNIT 16

Parent Material
Vegetation

I\4ig§p topography.
HORIZON DEPTH

0-25CM.

25-50 CM.

SOIL UNIT 17

Parent Material
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Dark  yellowish brown  clay,
moderate  weak  subangular  blocky
structure,  hard dry and firm moist;
plastic and  very sticky  when wet;
common very fine and vertical oblique
tabular pores, very few fine roots;
abrupt smooth boundary.

SITE 24

losessial-colluvium.

Short grasses with thick weed cover.
Lower I'late Land

DESCRIPTION.

Light yellow brown sandy loam, weak

finc and mecdium subangular structure,
soft and slightly hard dry, slightly
plastic and slightly stick when wet; fire
and  medium  horizontal  random
interstitial and  tabular  pores,  very
common, very fine, and fire roots.
Abrupt smooth boundary.

Brown sandy clay loams. Moderate
medium subangular blocky  structure,
slightly hard, very f{riable, moist,
plastic — and  sticky  when  wet;
continuous and brown shining  dark
brown cutans on pad surfaces,
common coarse, horizontal  vertical
tubular and interstitial pores, very lew
fire roots present.

SITE 26.

Basement complex



Vegetation
Micro topography.

HORIZON DEPTH

0 25CM.

25 -50CM

SOIL UNIT 18

Parent Material

Vegetation
Micro topography.
HORIZON DEPTH

0-25CM
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Short grasses and weed cover.,
I'late Land

DESCRIPTION.

Strong  brown  sandy  loam, weak
medium subangular blocky structure,
slightly plastic and non sticky when
wet; very few small and soft hard
irrcgular brown conceretion, common
finec and medium  vertical hortzontal
oblique, interstitial,  tubular  pores,
frequently very fine and lew coarse
roots.

Strong brown loamy sand, moderate
medium subangular blocky structures,
slightly hard [riable moist, plastic and
sticky when wet, patchy and broken
dark brown line carth in inset cast, root
channels, common finc and medium
vertical  oblique  vascular  and
interstitial pores, few inset voids.
SITE 27.

Bascment complex - colluviums
I'allow (tall grasses)

l.ower slope

DESCRIPTION.

Dark  brown, loamy sandy wecak

granular structure, slightly sticky, firm,
hard; few fine coarse roots; abrupt

smooth boundary.



SOIL UNIT 19

Parent Material

Vegetation
Miero topography.
HORIZON DEPTH

0—25CM.

25 -50CM

SOIL UNIT 20

Parent Material

Vegetation
Micro topography.
HORIZON DEPTH

0-25CCM.

25 -50 CM.
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Very pale brown sandy clay loams
weak spheroid structure, very sticky,
friable, slightly hard, few fine roots.

SITL 28 AND 29.

Colluviums-from Basement complex
Short growing grasscs
Flate Land

DESCRIPTION.

Brown loamy sand, strong, blocky
structure, slightly sticky., firm hard few
finc  coarse  roots  abrupt  smooth
boundary.

Brownish yellow, sandy clay loam,
strong  blocky structure, very sticky
when wet, very firm, very hard, few
coarsc roots clear irregular boundary.
SITE 30.

Colluviums from Basement complex
Short growing grasses

I'late Land

DESCRIPTION.

Dark  brown loamy sand, wecak
granular structure; non - sticky, very
friable soft many finc roots, smooth
boundary.

Strong  brown sandy loam, wcak
crumbly structure, slightly sticky. very
friable, slightly hard, few finc roots,

abrupt, irregular boundary.
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DATA



INFILTRATION RATES AT NORMAL FOR APRIL

A

B C ) E F G LA i B C D | E | F 'G
Elapsed « Final - Initial i Water  + Cum.  Infiltration ¢ Infil. | Elapsed | Final - Initial ., Water | Cum. | Infiltration | Infil.
Time - Reading © Reading ‘ intake ! Water ' Rate | Rate Time 'l Reading Reading Intake :‘ Water | Rate Rate

: (B-C)  Intake  (E/A) (Fx60) 3 . (B-C) | Intake (E/A) (Fx60)
| (=D) | | | | | (=D) \

S nuni - qonty . (cm) o (cmy f{cm) D (cyminy ! (cm/hr)y (min) i (cm) L (cm) L (cm) i (cm) P (em/min) | (cm/hr)
0 6.00 6.00 - - - - ‘ 0 7.30 7.30 - I - - |- i
1 6.00) 6.00 (4.60 b 0.60 : 0.600 £ 36.00 ‘ 1 1770 C 730 L0.40 1 0.40 0.400 [ 24.00
2 Tl 6.60 1050 S 110 10.550 < 33.00 i 2 7.00 - 6.70 10.30 10.70 0.330 21.00 \
> S 910 - 8.10 1 1.00 210 0.420 P 25.20 3 7.60 7.00 1 0.60 Ll.BO 0.260 15.60 &
10 [ 10,60 9.10 1 1.50 D360 i 0.360 P21.60 10 8.40 - 8.60 1 0.80 {210 0.210 12.60 |
1= C11RG 10.60 i 1.20 - 4.80 10.320 119.20 15 9.20 §.40 P 0.80 1290 10193 1160 |
20 1310 1180 [1.30 S 610 i 0.305 F18.30 20 9.80 1 9.20 L 0.60 | 3.30 | 0.175 LIO.SO I
30 11490 V13010 1.80 i 7.90 L 0.263 11380 | 30 1 11.00 9.80 11.20 1470 0.157 1 9.40 :
13 1740 1490 2.50 (1040 1 0.231 113.87 | 45 [ 1260 11.00 | 1.60 1 6.30 0.140 8§40 |
a0 I 19.60 L 17.40 1 2.20 112.60 1 0.210 [ 12.60 | 60 | 14.00 1 12.60 0 1.40 b 7.70 0.128 7.70 \
I3 L 10.70 © 8.000 2.70 I 15.30 1 0.204 P 12.24 1 75 15.30 14.00 1 1.30 9.00 0.120 7.20
Y i 13.00 1 10.70 2.30 [ 17.60 1 0.196 11.73 J 90 16.70 1330 1,40 10.40 0.116 6.93
fut P 1450 P 13.00 1.50 I 19.10 1 0.191 1146 100 17.40 £16.70 S 0.70 111,10 0111 6.66 |
126 1610 330 1260 12170 10181 | 10.83 | 120 1880 1740 11340 1250  [o104 625 |

TABLE B5S CULTIVATED LAXND TABLE B6 FALLOWED LAND
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INTILTRATION RATE AT NORMAL SURFACE FOR APRIL
A B C D | E F G A 'B C D ' E | F | G
" Elapsed - Final Initial P Water | Cum. ! Infiltration ; Infil. Elapsed | Final {nitial Water ' Cum. | Infiltration | Infil.
Time - Reading Reading  Intake | Water | Rate ' Rate Time  Reading - Reading Intake ‘ Water | Rate Rate
- (B-C) | Intake  (E/A) (Fx80) i (B-C) . intake | (E/A) (Fx60)
| (SD) | | | (D) | |
fnun) (cm {cmy ' (cmy L (cm) Cemvmin) o (ewvhr) (min) - (cm) (cm) (cm) - (cm) (cm/min) | (cnvhr)
0 740 740 P - P - - - ; 0 + 8.20 ©8.20 - - - - ;
1 .80 7.40 L 0.40 i 0.40 L0400 1 24.00 i 1 : 8.80 © 8.20 0.60 1 0.60 0.60 36.00 i
2 9.00) 8.80 S 020 10,60 ;0.300 0 18.00 2 i 9.20 8.80 0.40 F 1.00 0.300 30.00 4
R 2920 9.00 S 0.20 TO.SO 1 0.160 1 9.60 5 { 11.10 0 10.20 0.90 1190 | 0.380 22.50 f
10 C 950 9.20 1 0.30 1.10 10.110 1 6.60 10 1 12.20 i 11.10 S 110 i 3.00 i 0.300 18.00 \
3 £ 980 9.30 P 0.30 1.40 10.090 . 5.60 13 1 13.00 ©12.20 0.30 1 3.80 | 0.253 1520
20 i 10.00 9.80 P 0.20 1.60 1 0.080 i 4.80 20 1 13.70 ©13.00 - 0.70 i 4.50 0.225 13.30 Q‘
20 1030 10,00 1050 2.10 L0070 - 4.20 30 i 14.90 ©13.70 1.20 v5.70  0.190 11.40 J
43 11.00 10,30 1 0.50 [2.60 L 0.038 i 3.47 43 11640 1490 1.50 7.20 1 0.160 960 |
- o0 P 1150 S 1100 1 0.50 { 3.10 b 0052 i 3.10 ! 60 | 17.50 i 16.40 1.10 i 830 10138 8.50 ]
73 1200 1130 ] 0.350 | 3.60 1 0.048 1288 75 1870 | 17.50 1.20 1 9.30 1 0.127 760 |
£ 90 112,40 c12.00 1040 14.00 1 0.044 1 2.67 , 90 19.60 i 18.70 0.90 L1040 1 0.116 6.93 1
100 F12.70 12.40 | 0.30 4.30 [ 0.043 1 2.58 100 19.30 1 18.60 0.70 F11.10 0.111 6.66 i
¢ 120 F12.20 1150 | 0.30 4.80 1()_()4() | 240 ‘g 120 20.50 0 19.30 - 1.20 1230 1 0.103 6.15 1\
TABLE B7 CULTIVATED LAND TABLE B8 FALLOWED LAND

T
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INFILTRATION RATES AT NORMAL SURFACE FOR APRIL

A ‘B C ‘D E F G LA B C ' D ‘E | F | G
Eilapsed | Final - Initial Water Cum. Infiltration  Infil. Elapsed : Final - Initial Water | Cum. | Infiltration | Infil.
- Time l Reading : Reading | Intake Water  Rate Rate Time | Reading : Reading ' intake = Water i Rate Rate
* % (B-C) Intake (E/A) - (Fx60) ‘ L (B-C) . Intake E (E/A) (Fx80)
‘. f (D) | : ! (=D
(min) I em i (cm) i (cm) (cm) . (cm/min) (cmv/hr) (min) ! (cm) L (cm) C{cm) { (e (cnvmin) | (cm/hr)
0 P s.10 810 - - - - 0 710 710 - b - -
1 ¢ 940 1810 | 1.30 1.30 1.300 : 78.00 1 ©7.60 - 7.10 050 P 0s0 0.300 J 30.00
2 L9990 1 8.40 11,50 2.80 1.400 - 84.00 b2 F6.80 :6.60 0.20 070 1 0.330 | 21.00
i3 P 1330 1990 i 3.60 6.40 - 1.280 1 76.80 3 i 7.40 1 6.80 1 0.60 1.50 § 0.260 15.60
10 {1810 11330 | 460 1100 1.100 | 66.00 10 | 8.20 740 L0800 210 10210 1260
13 2170 C18n C2EN 14.60 0.973 . 58.40 15 i 11.10 10.20 L 0.90 C3.00 | 0.200 1200
C 20 S 1410 {850 1 5.80 20.40 ©1.020 P61 20 1 11.80 11.10 070 i 370 0.183 111.10
30 C22.80 1410 | 8.40 - 28.80 1 0.960 1 37.60 30 113.50 1 11.80 1 1.70 P340 0.180 10.30
43 C 1880 [ 3.00 ' 13.80 42 .60 - 0.947 56.80 15 i 13,90 v 15.50 i 2.40 ¢ T80 10173 10.40 ;
60 S 19.60 | 6.70 1 12.90 ©53.50 0.925 ¢ 5350 60 i 17.10 14.90 £ 2.20 - 10.00 } 0.164 10.00
7= 1800 16.00 {1200 6750 0.900 31,00 73 11030 7.70 | 2.60 T1260 | 0.168 10.08 |
9 1960 i 7.50 12,10 - 79.60 0.884 FA3.07 90 112,90 1 10.30 260 © 1820 0.169 10.13 "
100 24.10 1 19.60 i 4.50 ©84.10 0.841 L3046 100 1 14.50 1 12.90 1 1.60 £16.80 L 0.168 10.08
120 2200 1700 F15.00 19910 . 0.826 ECEER 120 11760 11450 1310 F1990  {0.166 1995 |
TABLE B9 CULTIVATED LAND

TABLE B10

FALLOWED LAND
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INFILTRATION RATE AT NORMAL SURFACE FOR APRIL

A B C D E | F .G A B . C D | E F L G
Elapsed | Final Initial Water ~ Cum. | infiltration ; Infil. | | Elapsed | Final ¢ Initial Water | Cum. | Infiltration | Infil.
Time l Reading Reading Intake  Water | Rate | Rate { | Time | Reading , Reading | Intake | Water ; Rate | Rate

| (B-C)  intake | (E/A) C(Fx80) | : | (B-C) | Intake | (E/A) | (Fx60)
| (D i 1 | f 1 (=D : ‘
| (min) | (cm) S (em) . (cm) rem) (crymin) | (cm/hry | L (cm) ' (cm) (cm) | (cm) ! (em) “(cm/min) | (cm/hn) |
0 | 6.30 6.30 - - - P - ; P 0 - 6.70 1 6.70 - | - | - | - ‘
1 | 7.60 6.30 1.30 1.50 1.300 | 78.00 | 1 - 7.50 £ 6.70 0.80 0.80 0.800 T 48.00
2 [ 8.70 7.60 1.10 240 1.200 17200 | b2 £ 7.00 P 6.30 0.30 1.30 0.630 39.00 |
) i 10.90 7.70 ©3.20 5.60 1.12 | 67.20 | I3 £ 8.50 1 7.00 0.50 1.80 0.360 2160 |
10 | 15.20 10.90 1.30 9.90 0.990 | 3940 | L 10 1070 1830 | 2.20 4.00 0.400 24.00 |
15 I 18.80 + 1520 3.60 13,30 0.900 1 54.00 ] I 15 t12.60 [ 10.70 I 1.90 | 5.90 | 0.393 23.60 l
20 [ 21.50 18.80 2.70 13.20 0.810 i 48.60 | 20 D 1430 112,60 170 1760 1 0.380 2280 |
30 11570 7.20 §.50 2470 0.823 1 49.40 | 30 0 17.30 © 14,30 3.20 | 10.80 1 0.360 | 21.60 |
b 1 24.90 ©13.70 - 920 33.99 0.753 I 43.20 HER ©14.30 £ 8.00 6.30 1 17.10 0.380 22.80 '
oL P 15.60 3.60 10.00 4390 0.732 P 4390 L o0 + 19.30 t14.30 5.00 P 2210 0.368 2210
73 P 18.00 © 8.20 9.80 3370 L 0.716 32,96 F\ {2300 [ 19.30 3.70 | 25.80 0.344 20.64
90 16.50 1 6.30 - 10.20 63.90 0.710 1 42.60 | 90 1'13.70 | 8.00 5.70 [ 31.50 | 0.350 21.00
100 21.30 f16.50 +.80 68.70 0.687 | 41.22 | 100 116.90 | 13.70 3.20 T] 34.70 0.347 20.82
120 | 1980 i 8.60 11.20 9.9 0.666 13995 1120 1 18.60 11210 6.50 41.20 0.343 20.60
TABLE Bll  CULTIVATED LAXND TABLE Bl2 FALLOWED LAND
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INFILTRATION RATES AT NORMAL SURFACE FOR APRIL

| B C D E F G A BT lc b TE E G
i E!apsed ; Final‘ | Initial Water Cum. Infiltration | infil. ' Elapsed | Final \ Initial 1 Water Cum. Infiltration  infil
f Time Reading = Reading | Intake Water Rate | Rate Time Reading | Reading ; Intake Water Rate Rate
‘ 3 (B-C) Intake | (E/A) - (Fx80) ; { . (B-O) intake  (E/A) Fx80)
L (=D) | | | | | (D)
Q (min) (cm) fqcm) (cny (cm) (cmminy (ecnvhr . (min) L cm) L (cm) (cm) {cm) {CTIV M [omLnn
v 850 830 - - - - 0 B - - :
1 9.90 - 8.30 1.40 1.40 1,406 84,00 1 9.10 17,40 L 1.70 170 1.700 10200
2 12.30 - 10.90 1.40 2.30 1.400 ©84.00 2 10.30 P 9.10 1.40 310 1.330 ERRUE
5 13.80 12.30 L 3.30 6.30 1.26 ©73.60 -5 14,40 i 10.20 P 3.90 .00 1.400 100
10 20.30 15.30 S 11.00 1.100 - 66.00 10 18.30 11340 310 12,10 1.210 “2o0
L15 24.00 20,30 P30 14.30 0.967 3800 13 22.40 P 18.30 3.90 16.00 1.067 A4
i 20 11.80 6.30 | 330 20.00 1.000 L 60.00 20 14.90 i 9.30 5340 21.40 1.07 5420
| 30 20.30 11.50 I 8,30 28.30 0,930 L 37.00 30 i 2290 11490 18.00 29.30 .98 380
|45 19.20 750 1170 1020 | 0893 3360 13 1890 | 9.70 920 3860 0353 STy
| 60 18.60 7.30 P30 31.50 0858 31.30 60 121.00 19.00 1 12.00 20.60 0343 Sou
[ 75 16.80 530 P30 62.80 | 0837 30.24 73 | 18.40 " 8.90 ©9.30 30,10 1801 +%.08
. 90 16.20 3.50 S 1070 73.30 0.81° £ 49.00 90 P 18.60 | 7.30 P 1110 =1.20 0.791 1747
100 2210 17.20 i 490 78.40 0784 47 .00 100 1 18.00 1 10.80 720 “R.40 i.784 27000
{120 21.30 10.50 P 1100 89.40 0.743 44.70 120 1 21.70 1770 1400 92.40 0,770 15 00
TABLE 3Bl CULTIVATED LAND TABLE B2 FALLOWED LAXND
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INFILTRATION RATES AT NORMAL SURFACE FOR APRIL

LA "B - C D E . F ' G LA | B - C D E ' F ' G
Elapsed | Final . Initial | Water i Cum. | Infiltration l Infil. ‘ | Elapsed | Final i Initial Water | Cum. ‘, infiltration | Infil.
Time - Reading | Reading J intake J Water Rate 1 Rate | | Time Reading | Reading ' Intake '} Water | Rate f Rate

f ‘ ’ (B-Q) | Intake | (E/A) l (Fx60) | l, E - (B-O) l Intake | (E/A) | (Fx80) |
| 'ﬂ l (ID) | . % 1 | ' (ZD) | i
(min) (cin) L (cm) L {cm) | (cm) | (cm/min) | (cnvhr) L (cm) ! (cm) i (cm) (cm) F(cm) I (cm'min: 1 (em/hr) |
0 8.50 18,50 - |- - | - L0 L 6.50 L 6.30 - - | - -

1 9.70 8.50 1120 1,20 | 1.200 | 7200 L1 1 7.70 L 6.50 1.20 1.20 1.200 | 72.00
2 L1290 1170 1 1.20 | 240 ' 1.200 72.00 [ 2 | 8.60 1 7.70 10.90 1 2.10 1.030 1 63.00
3 L 1580 - 12.90 2.90 1530 1.060 63.60 | [ 3 19.60 1 7.60 $2.20 {430 0.860 { 51.60
10 i 19.80 | 13.80 4.00 ! 9.30 0.930 5580 110 1 13.00 i 9.80 F3.20 P 7.30 0.7530 V45,00

| 15 02320 11980 340 12.70 0.847 50.80 13 11580 1 13.00 | 2.80 1030 | 0.687 L 41.20

| 20 | 23.80 0 21.20 2.60 13.30 0.763 4590 | 120 [ 18.20 15.80 12,40 | 1270 0.035 L38.10

¢ 30 1 16.90 ' 9.30 | 7.60 | 2290 0.763 4580 | | 30 | 23.30 118.20 i 4.10 | 16 80 0.560 173360

| 43 12390 1590 1800 130,90 0.687 4120 ! L 13 11630 7.80 - 8.30 12330 | 0.362 3373

60 L 18.00 ¢ 820 980 3070 10678 40.70 60 1540 ' 7.80 . 7.60 13290 0548 | 32.90
75 1370670 7900 L4970 1 0.663 39.76 | KE 12240 164 1600 13890 0519 3112

=90 L 1680 1750 1930 | 39.00 0.636 39.33 | L 90 | 1590  © 8.80 | 7.10 | 46.00 ] 0311 0 30.67

1 100 1 93.33 1 16.80 1430 63.30 0.633 37.98 | 1100 19.90 1 13.90 +4.00 30.00 0.500 1 30.00

L 120 { 19.90 19.70 10.20 | 7350 | 0.613 36.75 | ‘ 120 19.40 {1140 8.00 58.00 0.483 1 29.00

TABLE B3 CULTIVATED LAND TABLE B4 FALLOWED LAND
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INFILTRATION RATES AT NORMAL SURFACE FOR MAY

LA B C . D E F Ke A | B ' C D | E F | G i
| Elapsed  Final initial Water Cum. Infiltration | Infil. i . Elapsed | Final | Initial : Water | Cum. | Infiltration | Infil. |
Time Reading ' Reading ' Intake Water Rate Rate " Time \ Reading | Reading | Intake Water - Rate Rate |
(B-C) Intake (E/A) (Fx60) | 1 L (B-C) intake . (E/A) (Fx60) !
| (=D) | | | | (D) |
(nun: S {cm) (cm) Cem) (cm) (CIm/min) i (cm/hr) | (min) | (cm) (cm) ' (cm) (cm) (cm/min) (cm/hr)jl
O 6.80 1 6.80 - - - | - i © 0 l'8.80 8.80 i - - ' - |- l
! 8.70 7.80 (.90 .90 0.900 15400 | ! 1 9.70 | 8.80 1090 0.90 0.900 5400
2 9.10 8.70 040 1.30 0.6350 1 39.00 J P2 111.20 10.70 1 0.50 1.40 £ 0.700 1200
‘[ ) 10.00 9.10 (1.90 2.20 0.440 2640 | -3 | 12.30 11.20 P 1.10 2.30 10,500 30.00
10 11.20 10.00 T 1.0 C 240 0.340 2040 | 10 13.60 12.30 i 1.30 3.80 £ 0.380 2280 |
15 13.20 - 11.20 ¢ 1.00 440 0.293 17.60 | P1s 14.80 13.60 | 1.20 5.00 1 0.333 20.00
20 12.10 11.20 £ 0,90 © 330 0.265 13.90 20 | 15.90 1 14.80 1 1.10 6.10 1 0.305 18.30
30 14.20 13.10 P 110 L 640 0.213 12.80 S 30 ¢ 17.60 11590 1 1.70 | 7.80 F0.260 15.60
| 43 16.60 + 14,20 240 S.80 0.196 11.73 ; . 45 | 18.70 [ 16.60 P 2.10 9.90 , 0.220 [13.20
60 1820 1660 1.60 1040 0.173 1040 | 60 119.30 1770 1 1.60 1150 10.192 11150 |
I 73 © 18.30 - 17.20 © 1.0 11.70 0.130 9.36 | 73 [ 10.60 8.30 + 2.30 13.80 1 0.184 11.04 j
90 19.70 18.50 120 ~12.90 0.143 8.60 : - 90 12.50 10.60 1 1.90 i 15.70 L0174 1047 |
Cloo 14.00 12.90 P 1.10 1 14.00 0.140 8.40 | 100 13.60 12.50 1 1.10 16.80 10.168 10.08
120 1580 1400 1180 1580 0.132 7.90 | 120 f1600 11360 1240 {1920  10.160 960 |
Ti3LE B13 CULTIVATED LAXD TABLE Bl4 FALLOWED LAND



INFILTRATION RATES AT NORMAL SURFA

E FOR MAY

A | B C D E | F ' G LA | B C 'D TE | F G
. Elapsed - Final - Initial - Water . Cum. | Infiltration } Infil. ; Elapsed | Final Initial © Water Cum. | Infiltration | Infil.
t Time k Reading ' Reading ' Intake © Water | Rate Rate ! Time Reading  Reading | Intake Water l Rate Rate
'(B-C)  Intake ! (E/A) (Fx80) } ? | (B-C) intake | (E/A) (Fx80)
‘ ] ﬁ ; (D) E E 1 (SD) | ,
I (min) ! {cm) c(cm) fcm) {cm) i (ecm/min) | (cm/hr | (min) (cm) (cm) i (cm) i tem) C(cvmin) | (cvhn |
"0 | 8350 8.50 - - - i - 0 6.00 ~0.00 - - - - ‘
S 19.30 i 8.30 P 0.80 + 0.80 | 0.800 48.00 1 7.20 F6.00 i 1.20 1.20 11.200 | 72.00 |
L2 1 9.80 1930 1 0.30 1.30 | 0.650 39.00 | 2 9.20 £ 8.20 11.00 2.20 11,100 66.00 |
I3 11.80 . 10.80 i 1.00 2.50 i 0.460 | 27.60 | 5 9.50 ;.20 1 2.30 T-LSO 1 0.900 54.00 J
L 10 13.00 1 11.80 £ 1.20 P 3.30 1 0.350 21.00 j 10 12.30 1950 | 2.80 7.30 [0.730 43.81 i?\
15 14,10 i 15.00 110 + 4.60 1 0.307 1840 ! 15 14.60 112.30 1230 1960 1 0.640 38.40 1
120 1510 14.10 1 1.00 S.60 £ 0.280 116.80 20 16.50 - 14.60 1 1.90 111.50 10375 3450
| 30 1680 | 1310 | 1.70 - 7.30 1 0.243 11460 | 30 2060 11750 1310 11460 (0487 2920 |
L 43 | 18.80 . 16.80 £ 2.00 9.30 10.207 12,40 45 14.30 F 760 1 6.70 121.30 L0473 28.40_J1
60 19.60 i 17.80 i 1.80 11,10 | 0.185 | 11.10 60 18.80 1 14.30 14,50 123,80 P 0.430 25.80 *
{75 8.70 i ©.00 1 2.70 i 13.80 1 0.184 | 11.04 75 22.20 | 18.80 13.40 29.20 0.389 2336 !
90 12.00 i 9.70 1 2.30 116,10 | 0.179 10.73 90 14.20 1 9.20 1500 34.20 0.380 2281
L 100 12.30 111.00 1 1.30 1'17.40 10.174 10.44 100 16.90 L1420 12,70 36.90 | 0.369 2214
1120 1490 11230 1260 12000 [0.167 10.00 | 120 2070 11690 ]380  [4070  ]033 20.33
TABLE B15 CULTIVATED LAND TABLE B16 FALLOWED LAND



INFILTRATION RATE AT NORMAL SURFACE FOR MAY

| A B C ‘D E L F G LA ' B ' C D E s G
| Elapsed Final Initial | Water | Cum. | Infiltration ; Infil. | Elapsed i Final i Initial . Water | Cum. | infiltration I Infil.
Time Reading Reading ‘ Intake | Water | Rate ' Rate ; Time i Reading | Reading  Intake  Water i Rate Rate
| (B-C) | Intake | (E/A) | (Fx80) | | (B-C) | Intake | (E/A) | (Fx50)
| (D) | D | | (=D 1 ‘.
{min (cm) (cm) Fem) i em) Pem/mun) ¢ (cmhry ' {min) (cm) I (cm) ©(cm) tem) | (c/mun) | (cnvhr)
0 7.00 7.00 e - - - - L 0 1 6.20 6.20 - E - - 1
Ll 9.00 3.00 1 1.00 1 1.00 | 1.000 L6000 1 | 6.80 6.20 1 0.60 L 0.60 | 0.600 | 36.00
P2 9.40 9.00 L 040 F1.40 I 0.700 i 42.00 2 9.70 18.80 £0.90 :1.30 1 0.750 4300 |
|3 10.30 9 40 | 0.90 | 2.30 1 0.460 L 27.60 3 1030 1970 1 0.60 1210 | 0.420 2320 |
10 11.60 1030 11.30 | 2.60 L0360 L2160 10 11.60 | 10.30 1.30 340 0.340 12040 !
13 12.70 11.60 | 110 L 4.70 1 0.313 | 18.80 15 1290 11160 ' 1.00 EEN 0.293 17.60
20 13.60 1270 1 0.90 L 360 1 0.280 I 16.80 20 11390 11290 £ 1.00 1310 0.270 1620
30 1420 1260 1 1.60 1720 1 0.240 EEE | 30 11580 11390 . 1.90 ©6.30 0.210 1260 |
43 17.30 1420 | 5.10 F1030 0 10229 L1373 43 | 15.90 1380 1210 1 8.40 0.187 1120 |
60 20.00 17.30 {270 L 13.00 0.217 Pl3on 60 1 16.70 1490 1 1.80 S 1020 10170 1020
| 73 2040 1900 140 F1440 0.192 N | 75 | 19.10 1770 140 11160 1 0.133 928 |
| 90 9 90 7.70 1220 L1600 10184 C11.67 | 90 20.30 1910 1 1.40 L1300 | 0144 8.67 |
[ 100 11.90 9.90 12,00 L1860 | 0.186 F1116 | 100 12.50 1L.00 1150 114350 | 0.145 870 |
[ 120 16.00 11.90 | 410 12270 1018y L1133 ] | 120 15.20 1250 1270 1720 10143 860 |

TABLE B17 CULTIVATED LAND TABLE B18 FALLOWED LAND



INFILTRATION RATE AT NORMAL SURFACE FOR MAY.

LA B ' C D E F i G t A B C D | E F Ke

! Elapsed | Final | Initial + Water ~ Cum.  Infiltration | Infil. | . Elapsed = Final initial  ; Water | Cum.  Infiltration | Infil.

| Time Reading | Reading Intake : Water  Rate ' Rate | ' Time | Reading Reading | Intake | Water | Rate Rate

| { L (B-C) | Intake  (E/A) | (Fx60) | ! - (B-C) | Intake | (E/A) (FxB80)

| (ZD) | | (D)

i (miny (cm) I (emy (cmy) ' {cm) . (cm/min) . (cm/hr) | | (min) 'cm) ©(cm) - (cm) P em) | (cimmun) | (envhn)

L0 §.50 | 8.50 - - - I - 3 10 1 7.00 L T.00 P - | - -

B! 1040 1830 - 1.90 - 1.90 - 1.900 114,00 | 1 ©8.70 - 7.00 176 1170 71700 102 .00

E 113200 11140 1.80 1 3.70 - 1.850 [111.00 | |2 £ 9.90 8.70 11.20 1 2.90 L 1.430 87.00

B L1740 (1320 $.20 790 . 1.580 19180 | E | 13.70 1090 1 2.80 570 | 1.140 68.40

|10 1350 1840 7.10 L1500 71,500 | 90.00 10 L1610 1270 1340 1 9.10 L0910 54.60

BE 1 15320 1830 L 6.90 12190 1 1.460 | 87.60 15 L1210 T80 1130 11340 1 0.893 33.60

L 20 1500 {820 6.80 12870 11435 | 86.10 | 20 P 1410 11100 13.00 1640 | 0.820 49.20

| 30 19.80 8.00 P1180 3050 1350 81.00 | 30 {1420  8.00 1 6.20 12260 0733 45.20
43 21.50 4.80 1670 13720 1271 76.27 | | 43 120.70 14.20 L 6.50 12910 1 0.647 38.80

L 60 2330 1 6.80 16.50 73700 T 1.228 7370 60 L1710 1090 1 6.20 13330 ] 0.388 3530

| 73 23700 11210 1360 8730 1.164 69.84 73 L1340 630 1 7.10 4240 10.363 33.92

D 20,10 1660 13.50 710080 1.120 16720 | L 90 116,50 1000 630 14890 10343 32.6V

L 100 13400 1440 - 9.00 110980 1.098 ) 6588 | | 100 12000 16350 1 3.50 13240 5 0.324 31.44

| 120 12290 1730 C1560 0 112540 1 1.045 1 62.70 | 120 11720 1 960 1760 16000 0500 | 30.00

TABLZ B19
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INFILTRATION RATES AT NORMAL SURFACE FOR MAY.

DA B C D E | F G A B - C ' D ' E 3 | G
. Elapsed ' Final {nitial Water Cum. | Infiltration | Infil. Elapsed ; Final | Initial { Water | Cum. | Infiltration | Infil.
i Time ' Reading Reading ' Intake  Water ! Rate | Rate | ~Time | Reading . Reading | Intake | Water | Rate Rate
f (B-C) Intake ; (E/A) 1 (Fx50) ‘ | | (B-C) | intake | (E/A) (Fx60)
: (D) ! ‘ | i | ‘\ (D) ’ \
L (min) C(cm) (cm) {(cm) (cm) | (cmV/min) | (cm'hr) }  (min) ; (cm) | (cm) (cm) [ (cm) | (cm/min) | (cm/hr)y |
0 . 6.90 6.90 - - - - 0 1 3.80 380 |- - | - - |
Vo . 8.80 6.90 1.90 1.90 1.900 {11400 | ! {760 i 53.80 | 1.80 L 1.80 1.800 108.00 |
' ©11.00 9 80 120 10 P 1.330 19300 ! 2 . 8.80 i 7.60 1.20 : 3.00 i 1.500 90.00 J
E 13,90 11.00 2.90 .00 1.200 1 72.00 3 1 12.70 9.80 2.90 L 3.90 | 1.180 70.80 |
| 10 18.00 13.90 310 10.10 1.010 | 60.60 .10 11640 11270 1370 1960  10.960 5760 |
L1a 0 21.50 18.00 350 13.60 0.907 | 34,40 C 13 i 19.60 | 16.40 3.20 112,80 0.853 51.20
20 ©10.30 3.30 00 18.60 0.930 1 3580 P20 1 11.30 1 7.50 +4.00 1 16.80 0.840 50.40
30 (1810 10.50 F 780 26.40 0.880 13280 ; L 30 P 17.50 L 11.50 6.00 , 22.80 0.760 43.60
45 16.50 4.50 F12.00 3830 | 0.853 15120 ! P43 12450 L17.50 | 7.00 1 2980 0.662 39.73
I 60 17.50 6.80 ©10.70 49 10 1 0.818 49.10 } 1 60 : 18.20 ] 9.50 8.70 | 38.30 0.642 38.50
L 75 i 17.60 7.50 1010 39.20 (.789 1736 | TS i 16.00 [ 9.00 7.00 P 43,50 0.607 36.40
| 90 - 17.20 7.60 - 9.60 68 80 0.764 14387 | L 90 1620 1940 6.80 13230 0381 3487 |
i 100 14,00 7.60 L6040 7520 0.752 [ 4312 ! 1 100 { 18.00 | 14.20 3.80 36.10 0.561 33.66
120 ¢ 18.50 7.00 1 11.30 R6.70 0.723 | 4335 | 0120 | 15.80 | 7.80 8.00 64.10 0.534 | 32.035
TABLE B21 CULTIVATED LAXD TABLE B22 FALLOWED LAND
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INFILTRATION RATE AT NORMAL SURFACE FOR MAY

TA B . C D E | F | G A B [ C D E 'F G
. Elapsed : Final - Initial CWater : Cum. | Infiltration | Infil. . Elapsed i Final + Initial . Water Cum.  Infiltration ; Infil.
| Time | Reading . Reading ' Intake | Water | Rate Rate ! ' Time | Reading , Reading : Intake | Water ' Rate ' Rate
i | : . (B-C) | Intake % (E/A) (Fx80) | | i | ¢ (B-C) intake (E/A) | (Fx80)
i | '- (D) | | ! | | (D) | |
| (min) I (cm) c(cm) Y (cm) [ (cm) | (cm/min) (cvhry | ' (min) i (cm) i (cm) i {(cm) I (cm) ! (cnvymin) | (emv/hr)
| 0 L 7.30 1 7.30 B - - - | L0 | 8.50 8.50 E - - -
11 | 8.40 i 7.30 i 1.10 F1.10 1 1.100 66.00 B! 1 10.00 9.50 1 0.50 0.50 1 0.500 i 30.00
2 1930 i 840 10.90 £2.00 | 1.000 | 60.00 1 P2 i 10.30 { 10.00 £ 0.30 0.80 + 0.400 i 24.00
|3 t10.40 i 8.30 12,10 r 410 1 0.820 14920 ) +10.80 } 10.30 F0.30 1.30 1 0.260 113,60
10 {1510 C12.40 12,70 | 6.80 1 0.680 40.80 | 110 11.50 10.80 i 0.70 2.00 1 0.200 112.00
13 1 18.30 t 16,10 12,20 19.00 0.600 36.00 | 15 12.00 11.30 P 0.50 2,50 1 0.167 110.00
20 (1710 1530 1180 1 10.80 {0540 3240 1 i 20 11250 112,00 10.50 1 3.00 - 0.150 1 9.00
30 12090 11810  12.80 | 13.60 ] 0.453 27.20 | | 30 | 133 1250 1080 [ 380 1 0.127 | 7.60
43 L1460 1 8.00 1660 12020 0.449 2693 | EE 11340 {1230 (110 1490  10.109 [6.53
{ 60 119.40 {14.60 i 4.80 [ 23.00 0.417 2500 | 160 114,40 1T13.40 £0.90 380 10.097 580
| 73 1 20.80 17,40 P 340 12840 0.7 23272 175 13.20 1 14.30 1 0.90 | 6.70 i 0.089 | 536
90 11370 19,50 £6.20 | 34.60 | 0.384 23.07 {90 16.90 16.20 £0.70 7.40 1 0.082 1493
100 i 16.90 | 15,70 1 3.20 j 37.80 10.378 2268 | 1100 117.30 16.90 1 0.40 7.80 10.078 | 468
120 1 20.70 £15.90 i 4.80 | 42.60 | 0353 12130 | L 120 1 18.10 17.30 1 0.80 8.60 10.072 1 4.30
TABLE B23 CULTIVATED LAND TABLE B24 FALLOWED LAND
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INFILTRATION RATE AT NORMAL SURFACE FOR JUNE.

A

}

B

C

—

Q} D E F ' G i A ' B C D I E 'F i G
| Elapsed | Final Initial Water  Cum. Infiltration | Infil. | Elapsed ' Final  Initial | Water | Cum. ! Infiltration | Infil.
Time Reading Reading intake Water . Rate | Rate | Time ' Reading . Reading 5 intake { Water | Rate - Rate
(B-C) intake  (E/A) . (Fx80) ! : : - (B-C) |lIntake | (E/A) . (Fx60)
(D) i L | | (ZD) | |
{mini {cm) (cm) (cm) (cm) (cymin) | (cm/hr) | - (min) Pem) P em) ! (cm) i (cm) | (cm/min) | (covhry |
0 | 13.70 13.70 - - - - | 0 11280 11280 - | - | - -
11 | 14.00 13.70 0.30 0.30 0.300 t18.00 | 1 1 15.30 i 13.80 { 1.50 | 1.50 fl.iO 19000
(2 | 14.70 14.00 0.70 1.00 0 0.500 13000 | b2 16,530 P 13,50 1 1.20 1270 | 1.35 1 81.00 |
L3 | 15.80 14.70 1.10 2.10 0,420 12320 | 3 L1930 11630 13.00 | 3.70 | 114 1 68,40
{10 18.30 16.80 1.70 3.80 0.580 12280 10 , 22.70 + 18.30 1 4.20 1 9.90 1 0.990 | 5940
L 13 20.10 18.50 1.60 540 +0.360 1 21.60 ] L 15 F 1370 - 11.00 1470 14.60 0.973 L3840
120 20.70 . 19.10 1.60 .00 - 0.350 121.00 | 120 120,20 1570 | 4.50 19.10 0.955 | 37.30 J
30 14.30 10.50 4.00 11.00 1 0.367 | 22.00 1 1 30 1 27.50 12020 ;] 7.50 26.40 0.880 15280 |
| 43 19.90 14.50 $3.40 16.40 0.564 {2187 | i 45 12380 1 16.50 1 7.50 33.70 0.749 44,93
L 60 14.30 9.30 4.80 21200 0333 12120 | L 60 BEEEEED L 10.00 4370 10728 1 43.70
P 75 16.80 12.50 4.30 23.70 0.343 { 20.36 LT5 16.00 ~.00 1 9.00 52.70 0.703 L4216
| g0 3.00 8.00 5.00 3070 0341 12047 L 90 L1650 1 7.30 | 9.00 1 61.70 0.686 | 4113 |
100 13.90 15.00 2.90 33.60 0.336 0 20,10 100 ' 20.60 15.50 1510 1 66.80 0.668 1 40.(18_}
C 120 | 20.50 15.90 +.60 38.20 0.318 1910 - 120 f 2450 12,60 L1190 | 7870 | 0.630 13935 |
TABLE B25 CULTIVATED LAND TABLE B26 FALLOWED LAND
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INFILTRATION RATES AT NORMAL SURFACE FOR JUNE

—

AA

B

B C D E F "G A ' B C D E P F ' G

| Elapsed - Final initial Water  Cum, i Infiltration | Infil. Elapsed | Final initial Water Cum. | Infiltration | infil.

‘ Time Reading Reading Intake | Water | Rate | Rate - Time | Reading = Reading Intake : Water | Rate | Rate

’g (B-C)  Intake | (E/A) | (Fx80) (B-C) | Intake | (E/A) | (Fx60)

| (sD) ﬁ (=D |

i (miny (cm) (cm) {cm) L em) C(cnvminy | (em/hn) (min) i (em) . (em) (cm) P cm) | (cymim) | (envhn
L0 12 80 12.80 - - - = 0 1 9.30 9.30 - - | - | -

i1 13,10 12.80 0.30 i 0.30 { 0.300 {18.00 1 1 9.70 9.30 0.20 L 0.20 | 0.200 | 12.00

K ' 13.30 3.10 0.20 {0,350 1 0.250 | 15.00 2 1100 1070 0.30 030 | 0.250 | 15.00

B L1270 1330 0.40 1 0.90 10.180 1 10.80 1B 11.50 11.00 0.50 - 1.00 10.200 1200
10 i 1330 1470 . 0.60 1,30 0.150 19.00 | 10 1230 1130 . 080 | 1.80 0.180 10.80 |
13 | 16.00 1350 0.70 £ 2.20 0.147 1880 13 12.90 12.30 0.60 1240 | 0.160 19.60
;20 P10 1600 1 0.70 2.90 0.143 870 20 1 12.30 11.90 0.60 1 2.00 1 0.150 9.00
E L1106 1570 1.40 430 L 0.143 860 | 1 30 11360 1230 1.10 1430 0.137 820 |
43 L 19.00 17.10 1 1.90 L 6.20 10138 1826 | | 43 | 15.10 13.60 1.50 i 5.60 0.124 747
60 L 12.80 1070 1 1.10 L 730 10122 L7300 L 60 11350 14100 140 L 7.00 | 0.117 700 |
P73 L 16.80 1480 1200 1 9.30 1 0.124 (744 E 1780 ' 16.50 130 1830 011l 6.64 |
[ 90 1 16.30 1480  {1.70 11000 [0 1733 190 930 7.80 1.30 1 9.80 10.109 6.53 |
T L1730 16.30 0.80 S 11.80 | 0.118 1788 | 100 19,60 830 1.30 11100 loan | 6.66
BEE 1880 17.30 ¢ 1.30 13300 10111 6,65 {120 11.90 960 2.30 1340 ol l670 |
TABLE 327 CULTIVATED LAXND TABLE B28B FALLOWED LAND



< INFILTRATION RATE AT NORMAL SURFACE FOR JUNE

A

. B CC D E F G CA ' B C D lE I F | G

i Elapsed | Final i Initial Water  Cum. {nfiltration  Infil. \ Elapsed | Final Initial Water | Cum. | Infiltration | Infil.
' Time | Reading - Reading Intake = Water  Rate  Rate Time | Reading = Reading ' Intake | Water | Rate Rate
1 ‘ (B-C) . intake E/A)  (Fx80) * | (B-C) | Intake | (E/A) (Fx80)
| | (D) | by | | (D) | |
Pomun) i (cm) Y(cm) (cm) - {cm) (cm/min)  ; (em/hr) ! i (min) | (cm) o (cm) " (cm) | (cm) | (cm/min) | (co/hn)
0 F11.30 0 111.30 - - - - 3 0 17.80 780 - | - b -
il 112.30 111.30 1.30 ¢ 1.30 1.300 + 78.00 c 1 | 8.60 - T80 0.80 P80 1 0.800 48.00
{2 i 13.00 1250 0.70 ©2.00 1.000 ©60.00 "2 {9.20 3.60 “0.60 I 1.40 I 0.700 42.00
|3 [ 16.00 ;14,00 2.00 i 4.00 (.800 P 48.00 P 5 | 11.60 - 10.20 1.40 i 2.80 1 0.360 33.60
Pl 1 18.80 C16.00 2.80 » 6.80 0,680 4080 £ 10 | 13.70 S 11.60 £2.10 490 0.490 29 40
P1s 1 21.20 1 18.88 2.40 £ 9.20 0613 ©36.80 i 13 1 15.70 - 13.70 2.00 ~ 6.90 0.460 27.60
P20 112,10 1930 2.80 £ 12.00 - 0,600 i 36.00 | i 20 16.10 1470 P 1.40 1 8.30 0.415 24.90
| 30 L17.20 11210 5.10 117.10 0.570 £ 34.20 ‘ 130 1 20.00 P 17.10 1290 1 11.20 0.373 22.40
P43 L2260 117.20 340 £ 22.50 0,300 30.00 i P43 P 11.90 . 730 ©4.60 1 13.30 103351 21.07
| 6L 16,10 i 8.80 7.30 2980 0.497 i 29.80 } P60 | 15.00 : 10,90 - 4.10 | 19.90 10.332 19.90

) T320‘80 1510 3.70 135,50 0473 : 28,40 1 173 | 18.60 S 13.00 - 3.60 P 2250 10313 18.80
;90 | 13,30 1 6.50 7.00 C42.30 0.472 » 28.33 | 190 I 14.70 i 11.20 + 3,30 ;2700 1 0.300 18.00
F1ou | 17.50 113,50 4.00 1 46.50 0.465 1 27.90 * { 100 17.00 01470 2.30 12930 1 0.293 17.58
1120 L1910 1 10.70 .40 31,90 0.438 12745 | | 120 11650 | 11.50 1 5.00 13430 10.286 17.13
TABLE B29 CULTIVATED LAKD TABLE B30 FALLOWED LAND
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INFILTRATION RATES AT NORMAL SURFACE FOR JUNE

CA ' B C D E ' F | G A B i C . D ' E | F G

i Etapsed | Final initial Water Cum. | Infiltration | Infil. Elapsed | Final tnitial . Water | Cum. | Infiltration | Infil.

- Time | Reading - Reading Intake ~ Water | Rate Rate - Time Reading | Reading Intake | Water | Rate Rate

: i (B-C) Intake | (E/A) (FxB0) | |  (B-C) |lIntake | (E/A) (Fx80)

; | (D) | i (D) | |
I (nuam I (cm) (cm) (cm) (cm) | (cm/min) (cm'hry | (min) (cm) | (cm) © (cm) ! (cm) | {cm/min) (cm/hr)
L0 1830 8.30 - B - - | 0 8.20 1 8.20 i - | - | - - |
1 [ 9.30 8.30 1.20 1.20 1.200 7200 | 1 9.30 [ 8.20 L 1.10 | 1.10 | 1.100 66.00 |
{2 11,30 10.30 1.00 2.20 1.100 66.00 | b2 1030 1930 - 1.00 1 2.10 11,050 63.00 .
S {1310 10.50 2.60 4.80 | 0.960 3760 | T3 1380 11130 1230 | 4.60 1 0.920 3320 |
10 7 16.80 13,10 370 8.30 | 0.830 5100 | 10 1740 1380 360 | 820 1 0.820 4920 3
B | 19.00 13,80 3.20 11.70 0.780 1680 13 2040 11740  13.00 1120 10747 4480 |
20 1 12.60 10.00 2.60 14.30 0.715 1290 £ 20 17.10 114,40 1270 P13.90 1 0.693 4170 |
[ 30 | 13.30 8.50 6.80 21.10  10.703 42.20 30 13.80 | 7.00 L 6.80 | 20.70 0.690 1140 |
| 43 1 21.50 14.30 7.20 2830 | 0.629 | 37.73 13 21.50 13.8¢ 1 7.70 | 28.40 0.631 3787 |
L6 L 15.60 6.80 $.80 3710 10618 13710 L 60 1460 1330 L 930 13770 [ 0.628 37.70 |
5 | 19.60 11.50 7.80 C3190 10599 3592 73 2060 1 13.60 i 7.00 [ 44.70 0.396 35.76
KR 1 14.30 5.60 8.90 ~33.80 0.398 3387 | L 90 16.00 1 7.90 ' 8.10 | 52.80 0.387 33.20
{100 19.10 14.30 160 58.40 10.384 35.04 F 100 19.40 15.00 1440 | 57.20 0.572 3432 |
P 120 | 18.10 810 10.00 6840 | 0370 3420 L 120 | 20.70 1180 890 | 66.10 0.351 33.05 |
TABLE B31 CULTIVATED LAND TABLE B32 FALLOWED LAND



INFILTRATION RATES AT NORMAL SURFACE FOR JUNE

A

C

D

i E

' B ' F G | | A B 1 C ' D 'E F G |
Zlapsed | Final Initial Water : Cum. | Infiltration Infil. i | Elapsed ; Final i Initial : Water | Cum. Infiltration | Infil. !
Time | Reading Reading intake ' Water | Rate Rate | | Time  : Reading | Reading | Intake | Water | Rate Rate |

% (B-C) . Intake | (E/A) (Fx60) | ? , (B-C) | Intake | (E/A) (Fx60) |
| (o) | | | | | (D)
(min | cm) (cm) (cm) ' {cm) | (cm/min) (cov/hr) | (min) . (cm) I (cm) C{cm) [ (cm) (cm/min) (cm/'hr)
R | 12.20 12.20 - - - - g 0 P13200 0 (1320 - |- - - |
1 i 12.30 12.20 ©0.530 1 0.30 | 0.300 18.00 | 1 + 13.40 | 13.20 10.20 10.20 0.200 12.00 —5
R | 12,60 12.50 0.10 040 10200 12.00 | | 2 1360 11340 020 1040 0.200 | 1200 |
5 1 21.80 12.60 0.20  0.60 1 0.120 7.20 | b3 1410 1 13.60 10.50 10.90 0.180 | 1080 |
T 1 13.20 12.80 0.40 i 1.0 1 0.100 600 | 10 P 14.90 ;rl-l.lO . 0.80 i 1.70 0.170 1026
13 1 1330 1280 - 0.30 15010100 6.00 | 15 1660 (1590 1070 1240 0.160 960 |
20 | 13,10 12.70 1040 i 1.90 [ 0.095 370 ‘i 20 11730 11660 970 1310 0.155 9.30
S P 13,90 13.10 0.80 L 270 1 0.090 . 540 ‘ 30 i 18.50 1 17.30 1 1.20 1 4.30 0.143 8.60
+3 [13.20 - 13.90 1 1.30 - 4.00 0.089 ©5.34 | 45 18.10 16.50 1 1.60 i 390 0.131 7.87
60 i 16.20 15.20 1.00 F3.00 0.083 5.00 60 1'16.50 1 15.10 i 1.40 £ 6.30 0.105 6.30
-3 1 17.00 16.20 "~ 0.80 ¢ 580 0.073 - 438 ‘ 75 1 1310 11350 P 1.60 I 7.90 0.105 16.32
90 12.00 ©11.00 - 1.00 1 6.80 0.076 - 4,56 1 90 116,70 L1510 1.60 {9.50 0.106 I 6.33 |
100 | 12.70 12.00 0.70 7.30 1 0.075 450 100 1870 [17.700 100 11030 0105 630 |
120 113.20 11.70 1.30 L 9.00 10073 +4.50 | | 120 119.30 1 17.70 . 1.80 112,30 0.103 | 6.15 J‘
TABLE B33 CULTIVATED LAXD TABLE B34 FALLOWED LAND
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INFILTRATION RATE AT NORMAL SURFACE FOR JUNE

A | B C D E F G ! | A B C D 1 E IF I G
| Elapsed | Final initial 1 Water Cum. Infiltration  Infil. | i Elapsed * Final [nitial Water l Cum. Infiltration | Infil.
' Time | Reading : Reading ' Intake Water  Rate Rate | . Time Reading Reading Iintake | Water | Rate Rate
; | < | (B-C) Intake  (E/A) (Fx80) | . : (B-C) intake | (E/A) (Fx80)
; % (D) % ‘ (ZD)
C(miny | (cmy < {cm) L (cm) (cm) (cm/min) (cm/'hr) | (min) - (cm) (cm) (cmy | em) (cm/min) (cm/hr)
L0 1230 13.50 - - - - | | 0 © 13.00 13.00 - I- - -
! 14.70 - 1350 10.20 0.20 1 0.200 1200 | 1 113,40 13.00 0.40 P 030 0.400 24.00
12 1470 F 1470 1 0.00 0.20 0.100 6.00 | 2 13,60 13,40 0.20 0.60 0.300 18.00
L3 i 14.80 1470 1 0.10 0.30 0.060 3.60 | |5 14.10 13.60 0.50 1.10 0.220 13.20
16 1300 14.80 i 0.20 0.50 : 0.030 3.00 ] BU 14.80 - 1410 0.70 1.80 0.180 10.80
1= 1320 15.00 10.20 0.70 ©0.047 280 | 15 F15.30 14.80 0.30 2.50 0.133 9.20
P20 { 15,30 113.20 10.10 0.80 £ 0.040 2.40 f 20 “15.80 13.30 (.30 280 0.140 §.40
S0 I 1380 ©15.30 i 0.50 1.30 1 0.043 2.60 | 30 : 16.60 £ 15.80 1.10 T1 3.90 0.130 7.80
435 11730 11580 1'1.150 2.80 £ 0.062 373 ! 45 . 18.00 £ 16.60 1.40 | 330 0.118 7.07
L oo P13 R0 11430 I 1.150 +4.30 i 0.072 4.30 g 60 - 18.30 17.00 1.30 6.00 0.110 6.60
|73 P 17.30 v 15,80 11.50 5.80 1 0.077 1.64 ; 75 12.00 10.50 1.50 18,10 0.108 6.48
{90 11230 F11.00 1 1.30 7.10 £ 0.079 4.73 ! 90 ©13.60 £12.00 1.60 9.70 0.108 6.47
100 L1320 1230 1 0.90 8.00 . 0.0800 4.80 i 100 £ 14,70 1 13.60 1.10 10 30 0.108 6.48
{120 1 16.00 1420 1 1.80 9.80 . 0.082 4.90 | 120 0 16.50 114,70 1.80 [ 12,60 0.105 1630
TABLE B35 CULTIVATED LANXND TABLE B36 FALLOWED LAND
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INFILTRATION RATE AT NORMAL SURFACE. FOR JUNE.

102

DA B - C D | E i F ' G CA | B - C D i E F 1 G

, Elapsed . Final tInitial | Water | Cum. { Infiltration @ Infil. i Elapsed | Final + initial Water . Cum. Infiltration | Infil.

| Time . Reading | Reading | Intake | Water | Rate : Rate : Time Reading . Reading . intake  Water | Rate Rate

i 5 ; 1 (B-C) intake } (E/A) | (Fx80) ? : ' (B-C) | Intake | (E/A) (Fx60)

| | (sD) | | . | (D)

L miny Lem) t(cm) b (cm) {cm) | (cm/min)  (cmv/hr) | ! (min) {cm) (cm) . (cm) ' (cm) (cmymin) | (cm/hr)

L0 L T30 | 7.30 | - - | - - | 10 5.80 | 5.80 - B - -

B! . 9.30 1 8.30 1 1.00 | 1.00 | 1.000 £ 60.00 ! Vil 6.90 L 53.80 0 1.10 L 1.10 1.100 66.00

P2 o 1040 £ 9.30 110 1 2.10 1 1.050 65000 2 8.80 1790 0.90 12,00 | 1.000 60.00

P 3 1200 19.40 1 2.60 4.70 {1 0.940 L5640 13 1 10,10 i 7.80 2.50 P 430 0.860 51.60

|10 1600 11200 1400 8.70 1 0.870 5220 | 10 1230 1 9.10 3.20 L 7.50 0.730 45.00

113 P 19.20 I 16.00 13.20 | 11.90 {0.793 L 47.60 | 115 15.10 | 12.30 2.80 1 10.30 0.687 41.20

120 2200 119.20 1 2.80 | 14.70 1 0.735 i +4.10 H* 20 17.40 | 15.10 2.30 1 12.60 0.630 37.80
30 1220 1 7.90 1 7.30 \ 22.00 | 0.733 4400 30 19.40 11640 i 4.00 i 16.60 0.553 33.20

43 2040 11220 1820 13020 10671 E | 43 11.60 1 2.50 £ 9.10 | 23,70 0.571 3427

L6t 1330 L 360 ©9.90 | 40.10 1 0.668 £ 40,10 | 60 18.50 0 12.60 390 L 51.60 0.527 31.60

L 73 P 16.30 { 6.60 Lo T0 ] 49.80 E‘LO‘664 | 39.84 (75 13.30 | 6.50 © (.80 1 38.40 0.512 30.72

£ 90 ©16.30 1380 1$.70 159.50 1 0.661 1 39.67 1 90 16.80 | 11.30 3.30 1 43.90 0.488 29.27
JQY P 2260 1 16.50 1 6.10 65.60 | 0.636 13936 | 100 12.50 1 8.50 14,00 | 47.90 0.479 2874 !
120 P 21.70 | 11.80 i 9.90 75.50 0.629 13775 | 120 19.40 J 12.50 i 6.90 I 5480 0.457 2740
TABLE B37 CULTIVATED LAXND TABLE B38 FALLOWED LAND



INFILTRATION RATES AT NORMAL SURFACE FOR JUNE

D

A . B C = i F G A - B C D I'E ' F i G

| Elapsed | Final Initial Water Cum. | Infiltration  Infil. Elapsed Final Initial Water | Cum. Infiltration | Infil.
Time I Reading Reading - Intake Water , Rate Rate Time - Reading . Reading Intake | Water | Rate Rate

‘ ' (B-C) Intake | (E/A) (Fx80) : (B-C) Intake | (E/A) | (Fx60)

| | | (D) | | (=D) ‘
(min) P (cm) (cm) f(cm) {cm) i (cm/min) (cm/hry - I (min) £ (cm) L (cm) (cm) (cm) | (cm/min) | (cm/hn)

| O i 10.30 10.30 - - | - - ) 1 7.20 P 7.20 P - - - - 1
1 1 11.30 ©10.30 ¢ 1.00 1.00 1 1.000 60.00 1 i 8.10 0 7.20 0.90 J 0.90 0.900 54.0 ‘
2 1'11.90 11.30 F0.60 1.60 1 0.800 48.00 2 i 9.80 £9.10 0.70 fl,éO 1 0.800 48.0
3 1 12.50 - 10.90 - 1.60 3.20 10.640 38.40 5 ©11.80 0 9.80 2.00 .‘TS,()O L 0.720 T43.20 w
10 1 13,10 ©12.50 2.60 3.80 10.580 34.80 10 11270 ©11.80 2.90 16.50 (0.630 13900

P13 1 17.30 15.10 0 2.20 3.00 1 0.333 32.0 15 1710 $12.70 240 8.90 0.393 33.66
20 P 20.40 - 18.30 i 2.10 10.10 1 0.503 30.30 20 1 18.30 . 16.10 2.20 11.10 0.535 33.30

130 11.70 6.60 510 1520 | 0.507 30.40 30 12190 11830 3.60 1470 10490 12940 |

45 17.70 - 10.70 P 7.00 22.20 | 0.493 29.60 45 1 12.50 + 4.60 7.90 22.60 | 0.502 3013
60 i 20.90 - 14.70 i 6.20 28.40 F0.473 28.40 60 i 20.10 114.30 3.60 28.20 0.470 28.20 'r
73 1 11.80 © 5.00 P 0.80 33.20 | 0.469 28.16 | 75 113.30 16.20 710 1 3330 10471 28.26

| 90 16.70 . 11.80 - 490 40.10 10446 206.73 190 i 18.40 11230 6.10 14140 0.460 27.60
100 14.00 ¢ 10.30 P 3.70 43.80 | 0.438 26.28 Ll()() | 23.50 1 18.40 -5 10 46.30 0463 27.9

L 120 | 20.00 1400 6.00 19.80 10413 24.90 | 120 1 19.20 1 12.80 6.40 L3200 1041 26.45
TABLE B39 CULTIVATED LAND TABLE B4O FALLOWED LAND
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INFILTRATION RATE AT NORMAL SURFACE FOR JULY

A B C D E 'F G A B C 'D E F | G
- Elapsed " Final initial Water Cum. | Infiltration | Infil. Elapsed | Final - Initial | Water  Cum. infiltration | infil. i
- Time i Reading Reading Intake Water | Rate I Rate Time Reading . Reading ! Intake | Water Rate Rate |
: { (B-C) . Intake (E/A) t (Fx80) t 1 (B-C) ! Intake (E/A) (Fx60) }

| | (D) | | | | (=D) |

i (min) | (cm) (cm) (cm) ©(cm) (cm/min) | (cm'hry ¢ ©(min) {cm) Cem) | (cm) I (cm) (cymin) | (cm/hr) |
0 | 6.20 6.20 - - - |- j 0 8.50 7830 [ - . - - |
1 1 7.20 6.20 1LO0 T 1.00 1.000 | 60.00 | 1 11100 930 1150 1150 1.50 90.00 |
P2 | 6.90 6.20 0.70 170 0.850 1 31.00 -2 1 12.00 £11.00 i 1.00 1230 ©1.250 7300

5 [ 8.00 6.90 1,70 340 0.680 110,80 | o3 i 14.80 112.00 32.80 £330 1.060 63.60 ‘
- 10 11.20 8.60 2.60 1600 0.600 L36.00 10 18.20 P 14.80 340 1 8.70 0.870 52.20
Pls 13.60 11.20 2.40 - 8.40 0.560 13360 | 13 21.00 P 18.20 2.80 F11.30 0.767 46.00
120 [ 13.70 £ 13.60 3.10 £ 11,50 0373 I 34,50 1 20 23.20 [ 21.00 i 2.20 P 13.70 0.683 41.10
R 1 19.20 15.70 £ 3.50 0 13.00 0.500 30.00 ] S 30 26 .80 123.20 3.60 1'17.30 0.377 34.60
43 | 14.50 7.60 : 6.90 21,90 0.487 2920 | |43 1 16.30 | 8.00 8.30 12360 1 0.369 3413
o | 19.30 14.30 £ 5.00 26.90 0.448 12690 | 60 12140 i 16.30 1 5.10 v 3.070 0.512 30.70

T3 23.40 1956 3.90 30.80 0.411 2464 73 12540 2140 [ 400 | 3470 0.463 27.76
L op 13.00 7.00 1 6.00 36.80 0.409 i 24.33 | : 90 | 12.90 i 6.50 T, 6.40 I 41.10 i 0.457 27 30
- 100 1 16.20 13.00 3.20 + 40,00 i 0.400 124.00 100 16.30 12.90 1 3.40 L4350 S 0445 26.70
F120 Lzmo 16.20 5.10 4310 1 0.376 | 2235 120 21.80 16.30 LS.SO i 30.00 C0.417 J 2300

TABLE B4l CULTIVATED LAND TABLE B&42 FALLOWED LAND

104



INFILTRATION RATES AT NORMAL SURFACE FOR JULY

105

A ' B C "D | E - F 1 G : A i B C D ' E | F G
Elapsed | Final Unitial . Water | Cum. | Infiltration ¢ Infil. ! . Elapsed | Final {nitial Water | Cum. ! Infiltration | Infil.
Time | Reading Reading | Intake | Water | Rate | Rate | - Time | Reading ' Reading Intake | Water | Rate Rate
* - (B-C) | Intake | (E/A) ; (Fx60) i ‘ \ (B-C) | intake (E/A) (Fx60)
‘ | (D) ‘ | (=D) ‘
(min) f(cm) C(cm) © (cm) i (cm) {cm/min) (cm/hry ! ' (min) 1 (cm) C(cm) (cm) | (cm) (cmv/mun) | (cm/hn)
0 [ 7.70 L 770 '- |- s - ;- ! 0 { 7.60 760 - g - - - !
1 : 8.80 7.70 1.10 | 1.10 1.100 . 66.00 ! 1 8.30 - 760 0.90 10.90 0.900 54.00
2 £5.80 - 7.80 L 1.00 1 2.10 - 1.050 D 63.00 t2 t 8.00 © 750 0.50 F1.40 1 0.700 42.00
© 5 1130 . §.80 2,50 i 4.60 P 0,920 P 35200 3 9.70 £ 500 1.70 | 3,10 1 0.620 37.20
210 1 14.80 f11.30 i 3.50 i 8.10 " 0810 P 4860 i 10 12.00 »9.70 2.30 {340 0.540 32,40
13 < 17.70 ¢ 14.80 1 2.90 i 11.00 0,733 44000 © 15 14.00 12,00 2.00 | 7.40 0.493 29.60
0 20 £ 2010 P 17.70 1240 113,40 i 0.670 14020 | {20 15.70 ¢ 14.00 1.70 L 9.10 0.455 2730 |
» 20 12420 ©20.10 L 410 v 17.50 0,383 13500 ! 30 18.30 © 1570 2.80 T 11.90 0.397 2380 ¢
C4s L1600 ©8.20 +7.80 12530 S 0562 13373 BN 22.40 18.530 3.90 ;1380 0.331 21.07
£ ou 1 21.20 16,00 13.20 i 30.30 i 0.308 130500 L 60 13.40 P T80 © 560 | 21.40 0.357 21.40
T3 ] 2330 »21.20 f 410 | 34.60 0461 | 27,68 W‘ i 75 17.90 1540 4.50 12390 0.345 20,72
90 114.20 +8.30 1 3.90 40.50 F 0430 i 27.00 v £ 90 21.40 £ 17.90 3.50 | 29.40 1 0327 19.60
- 100 11710 P 14.20 i 2.90 43.40 F0.434 12604 | {100 | 23.40 i 21.40 +2.00 | 31.40 0.314 18.84 1
L1120 12200 1710 1490 1830 1043 12415 | t 120 12000 11480 1320 3660 0.303 1830 |

TABLE B43 CULTIVATED LAND TABLE B44 FALLOWED LAND



INFILTRATION RATES AT NORMAL SURFACE FOR JULY

I A i B C D E ' F

: L G ! LA | B | C ) 1E F |G
Elapsed | Final initial Water Cum. [ Infiltration ! infil. % ' Elapsed | Final I Initial t Water . cum. infiltration | Infil.
Time i Reading Reading intake Water | Rate Rate | 1 Time Reading | Reading | Intake | Water : Rate Rate .

| (B-C) intake | (E/A) l (Fx60) | | | (B-C) | lImake ' (E/A) (Fx60) |

| (D) | | L | (D)

| (min) i (cm) (cm) (cm) ~(cm) | (cnvmin) | (cm/hr) | (min) (cm) (cm) | (cm) | (cm) ' (em/min) | (cm/hn) |
0 | 7.30 7.30 - - - - { 0 7.80 780 |- - - - !
1 1'8.70 7.30 1.40 1.40 I 1.400 18400 | 1 | 8.60 | 7.80 £ 0.80 4 0.80 . 0.800 48.00 |

P2 } 8.80 7.70 1.20 2.60 , 1.300 FTRO0 2 ; 8.00 7.60 1040 i 1.20 . 0.600 | 36.00 !

i3 i 11.50 8.80 2.70 3.30 1.060 16360 3 ‘ 8.70 8.00 1 0.70 | 1.90 +0.380 22.80 J
10 | 15.20 11.50 3.70 9.00 1 0.900 5400 | 10 1 9.80 8.70 I 1.10 L300 - 0.300 1800 |

P13 1810 13.20 2.90 1190 | 0.793 FAT60 ] e | 10.70 9.80 1090 3.90 10.260 11560
20 | 20.60 18.10 2.50 - 14,40 } 0.720 4320 | 20 11.60 10.70 [ 0.90 480 1 0.240 14,40 }

| 30 | 24.70 20.60 . +.10 18.50 0.617 | 37.00 | 30 13.00 11.60 t1.40 6.20 | 0.207 12.40

| 43 [ 1440 6.30 .10 26.60 0.391 13347 [ 45 14.30 1300 11.80 800 "0.178 10.67

| 60 | 19.60 14.40 3.20 31.80 1 0.530 L3800 L 60 1640 11480 [ 1.60 9.60 . 0.160 9.60
73 { 23.30 19.60 3.70 33,50 0.473 | 28,40 P73 17.80 1640 1.40 11.00 PO 147 8.80
90 11380 3.60 .20 40.70 Q452 12713 {90 19.10 17.80 D150 12.30 10,137 8.20
100 | 16.40 13.80 2.60 ©43.50 L0433 12590 100 12.50 11.50 1.20 13.50 +0.135 8.10 |

| 120 | 20.90 16.40 130 4780 1 0.398 | 23.90 | 120 1440 1230 1.90 | 1540 | 0.128 1770 |

TABLE B45 CULTIVATED LAND TABLE B46 FALLOWED LAND
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INFILTRATION RATES AT NORMAL SURFACE FOR JULY

A B C D 'E F ' G LA B C D 'E 'F G
Elapsed | Final Initial Water | Cum. | Infiltration | Infil. | Elapsed | Final Initial Water | Cum. [ Infiltration | Infil.
Time | Reading Reading Intake . Water | Rate 1 Rate ' Time | Reading ~Reading Intake | Water | Rate Rate

' { (B-C) ] Intake (E/A) | (Fx80) 5 1 ; (B-C) intake (E/A) (Fx60)

| | ' (5D) | o | (=D)

:(min) fom) (cm) T (cm) I (cm) (cm/min) | (cm/hry [ (min) I (cm) ' (cm) (cm) (cm) (crm/min) (cm/hr)

0 L 6.20 6.20 - |- - |- 1 10 | 7.50 1750 - - - -

1 1720 6.20 1.00 - 1.00 [ 1.000 1 60.00 | Ll | 8.40 £ 7.50 0.90 1090 10.900 34.00
2 | 6.90 6.20 0.70 ©1.70 1 0.850 | 51.00 ! P2 ' 7.90 ©7.40 0.30 11,40 10.700 | 42.00
B I 8§40 6.90 - 1.50 13.20 | 0.640 | 38.40 i3 19.20 17.90 1.50 1270 | 0.540 32.40
10 i 10.60 840 2.20 P 3.40 0.540 32.40 110 | 10.90 0 9.20 1.70 i 4.40 0.440 26.40
i3 [ 12.50 10.60 1.90 17.30 0.487 29.20 [ 15 12.40 . 10.90 1.50 290 10.393 23.60
20 1 14.20 12.50 £ 1.70 1 9.00 | 0.450 1 27.00 | 20 11370 112,40 1.30 1 720 0.360 21.60
S0 P 17.10 14.20 1 290 i 11.90 0.397 i 23.80 30 15.90 ©13.70 2.20 | 940 0.313 18.80
43 120,70 17.10 3.60 b 15.50 0.344 i 20.67 13 18.60 1 13.90 2.70 112,10 0.269 16.13
6o | 11.90 T30 4.60 12010 ; 0.335 12010 ‘ 160 { 20.90 ©18.60 2.30 1440 10240 P 14,40
-3 1540 1190 3350 12360 [ 0.313 | 1888 | 73 | 1160 1830 310 [ 1730 [0.233 14.00
90 {1730 1440 1290 | 26.30 0294 {1767 L 90 1420 11160 2.60 [ 20.10 0.223 13.40
100 1920 T30 1.90 | 28.40 0.284 P 17.04 ! \ 100 13.80 c 1420 1.60 12170 10217 13.02
120 11760 13.80 FR.80 1 32.20 0.268 L1610 1_20 118.60 - 15.80 2.80 | 2450 I10.204 12.25
TABLE B47 CULTIVATED LAND TABLE B48 FALLOWED LAND
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INFILTRATION PZATE AT NORMAL SURFACE FOR JULY

1C8

| C . B C ‘D E | F G | CA ' B  C ) ' E | F
| Elapsed ! Final [nitial | Water Cum. | infiltration ¢ Infil. . Elapsed | Final | Initial | Water 1 Cum. | Infiltration | |nf|| ‘
| Time | Reading Reading | Intake  Water | Rate i Rate : Time Reading | Reading \ Intake | Water ; Rate ‘ Rate
! : | (B-C) Intake | (E/A) - (Fx60) ! | (B-C) Intake | (E/A) | (Fx60) |
| | | (SD)__| | | | | L (D) | | |
i (min) F(cmy {cm) { (cm) (Cm) L (emymin) 0 (cm/hn) i {min) i (cm) | (cm) T (cm) | {cm) (cm/mun) | (cm/hr) |
10 P 7.00 - 7.00 |- - - - < 0 7.00 i 7.00 - | - [ - |- ;

1 - 7.90 7.00 (.90 0.90 | 0.900 + 54.00 1 8.00 L 700 1 1.00 1 1.00 L 1.000 1 60.00 |

2 S840 - 7.90 10.30 1.40 (700 - 42.00 L2 | 7.60 L 700 1 0.60 | 1.60 | 0.800 11800 |
B L 8,30 7.40 11,10 230 0500 ©30.00 DS 920 L 760 1160 1320 1 0.640 3840 |
B - 1040 8.50 F1.90 4,40 1 0440 ' 26.40 {10 11150 19.20 | 2.30 550 | 0.550 3300 |
P13 P 11.90 F10.40 | 1.50 3.90 0.393 : 23.60 13 | 13.50 | 11.30 £2.00 7.50 | 0.500 30.00
P20 D13 40 1190 7130 740 1 0.370 2220 P20 1530 11350 | 180 1930 L 0.463 | 27.90
[ 20 S 16.00 13.40 L 2.00 10.00 | 0.333 £ 20.00 {30 18.40 | 15,30 1310 L1240 0.413 | 24.80

42 F19.50 16,00 | 330 13,50 0.200 118,00 | 45 2170 | 18.40 3.30 15.70 0.349 120.93

60 12220 1930 [ 270 1620 1 0.270 11620 | 60 2410 ;2170 1240 18.10 0.302 | 18.10

73 C12.90 8.20 1 4.70 2090 10279 16.72 r7s 11510 1850 1660 | 24.70 0.329 | 19.76

9o L1680 112,90 3.90 2480 1 0.276 | 16.53 £ 90 1 19.90 15.10 4.80 | 29.50 0.328 119.67

100 L1900 ¢ 16.80 2.20) 27.00 0.270 116.20 | 100 22.30 19.90 2.40 31.90 0.319 19.14
120 | 22.60 1900 1560 20.60 0.255 1530 | L 120 23.00 1780 1520 37100 10309 | 1855

TABLE B49 CULTIVATED LAND TABLE LAND B50 FALLOWED LAND



INFILTRATION RATE AT NORMAL SURFACE FOR JULY

A

B C D E F 'G ] LA |B ' C | D lE | F TG
Elapsed | Final Initial Water  Cum. | Infiltration | Infil. | Elapsed | Final | Initial | Water | Cum. | infiltration | Infil.
Time i Reading . Reading ' intake Water | Rate | Rate ' Time Reading | Reading | ‘ Intake | Water | Rate Rate

i i (B-C) intake ! (E/A) I (FxB80) ‘ ‘ ‘ I (B-C) intake (E/A) (Fx80)
: ! (D) | i | ‘: | (D) ‘
(min) L em) (cm) o (cm) (cm) | (cm/min) ¢ (cm’hr) ﬁnin) (cm) i (cm) | (cm) (cm) (cm/min) (cm/hr)J
0 8.10 810 - - . - ! o 8.30 830 T- - - '3
1 1 8.70 §.10 1 0.60 0.60 | 0.600 1 36.00 | i1 9.30 1 8.50 1 1.00 1 1.00 1.000 » 6000 J*
2 . 8.10 7.70 040 100 10.500 | 30.00 12 | 1040 1950 1090 1190 0.950 57.00 |
3 L 9.10 .10 1.00 200 L0300 L2300 3 11140 1 940 F200 1390 0.780 | 46.80 |
10 L1050 9.10 - 1.20 20 U320 1920 | 10 14.30 1140 1290 1680 0680  [4080 |
BE F11.40 1030 110 130 i 0.287 1'17.20 (15 16.80 1430 | 2»0 930 0.620 3720 |
20 L1240 1140 - 1.00 3500 1 0.265 P 1390 i 20 18.90 16.80 1 11.40 0.570 3420 |
30 F14.00 12,40 0 1.60 © .90 0 0.230 P 13.80 i 30 23.50 1890 | 3. 60 13.00 0.500 30.00
45 L6 10 14.00 1210 S 9.00 1 0.200 i 12.00 45 14.30 | 6.80 7.50 22.50 0.500 30.00
60 17.80 16.10 [ 1.70 ©10.70 L0178 i 10.70 60 20.50 | 14.30 6.20 128.70 0478 28.70
75 { 19.30 17.80 i 1.50 12.20 10163 9.76 75 25.20 20.50 4.70 33.40 0.445 26.72
S0 | 20.50 1930 | 1.20 + 13,40 L 0.149 I 8.93 t 90 16.30 1990 6.40 39.80 0.442 2653 |
100 | 21.30 20,50 i 0.80 C 1420 ‘ 0.142 0 8.52 L 100 19.90 i 16.30 3.60 43.40 0.434 2604 |
120 1 22.70 21.30 P 140 - 13.60 {T)_ISO 1 7.80 | 120 25.70 119.90 | 5.80 49.20 0.410 2460 |
TABLE B51 CULTIVATED LAND TABLE B52 FALLOWED LAND



INFILTRATION RATES AT NORMAL SURFACE FOR JULY

A 'B C D E |F G CA 'B C D ' E 'F G

| Elapsed | Final Initial "'Water . Cum. | Infiltration « infil. | Elapsed | Final i initial ¢ Water | Cum. Infiltration ; Infil.
Time Reading Reading | Intake & Water Rate  Rate | ' Time Reading ' Reading | Intake ; Water Rate | Rate

i { (B-C) | Intake (E/A) . (Fx80) : i (B-C) | Intake (E/A) \ (Fx60)
| | (ID) | | | L (SD) |

(cm) Lem) (cm) f(em) (cm) (cm/miny ¢ (em'hn) | v {cm) P (cm) L em) L (cm) ' {cm) (cm/min) ‘r(cm/hr)

0 L 6.00 6.00 - - | - - 0 | 7.60 T60 - - - B

i P 6.70 i 6.00 D070 070 0.700 4200 ! . 8.20 ~.60 0.60 1 0.60 0.600 [ 36.00
2 L0530 5.70 i 0.060 1.30 0.630 £ 39.00 \ ) [ 7.60 P7.20 1 0.40 F1.00 0.300 30.00
N S 810 6.30 I 1.80 310 0.620 FRT.200 | 3 [ 8.40 L 760 i 0.80 £ 1.30 0.360 21.60

110 1030 §.10 1220 330 0.530 F 51.80 10 1980 C 840 i 1.40 [ 3.20 0.320 | 19.20
15 £12.20 10.30 1 1.90 P20 0.480 1 28.80 ﬁ 13 {10.90 £ 9.80 1 110 1 4.30 0.287 17.20
20 i 14.00 12.20 } 1.80 9.00 0.450 P27.000 120 112.00 110,90 1 1.10 1340 0.270 16.20
30 1700 14,00 300 1200 10400 2400 0 130 1490 1300 190 1730 0.243 14.60

L 45 2110 1700 (410 C 10,10 1 0.358 L2147 43 1730 11490 1240 1 9.70 0216 12.93
60 1270 7.80 i 4.90 I 21.00 0,350 i 21.00 I 60 19.40 1 17.30 P 210 ©11.80 0.197 1 11.80
73 {16380 12.70 +.10 P 2510 0.335 P 20008 L7 i 10.50 i 7.30 i 3.00 1 14.80 0.197 1 11.84
90 12020 16.80 540 ¢ 28.50 0317 19.00 | 1 90 13.00 1 10.50 1 2.50 117.30 0.192 11.33
100 Ll().(»(l 7.50 3.10 [ 21.00 0.216 18.96 | 100 14.50 [ 13.00 1.30 { 18.80 0.188 11.28
126 {1390 10.60 3.30 i 36.90 0.308 118.43 120 1 17.20 f14.50 L2.7O [ 21.50 0.179 | 10.73

TABLE B53 CULTIVATED LAND TABLE B54 FALLOWED LAND
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INFILTRATION RATE AT NORMAL SURFACE FOR JULY

LA B C D E F | G
Elapsed | Final initial Water ~ Cum. | Infiltration | Infil.
Time Reading Reading Intake « Water | Rate Rate

(B-C)  intake | (E/A) (Fx60) |

(SD) ?

{cm (cm) (cm) (cm) - (cm) © (cmy/min) (cmv/hr)
0 740 7.40 - - - -
1 7.90 i 7.40 0.50 0.50 | 0.500 13000 |
2 9.30 8.90 0.40 0.90 1 0.450 27.00
5 10.30G - 930 1.00 1.90 1 0.380 22.80 |

110 12.00 10.30 1.70 3.60 10.360 21.60

| 15 13.40 12.00 1.40 5.00 1 0.333 20.00 !
20 14.60 13.40 1.20 6.20 10.310 18.60 !
30 16.70 14.60 2.10 8.30 10277 16.10 !
45 19.50 1 16.70 2.30 11.10 P 0.247 1480 |
60 20.90 19.30 240 13,530 0.225 13.50

73 9.30 20.90 3.70 17.20 0.229 1376
90 12.30 i 9.30 3.00 20.20 10.224 1347 |

! 100 14.10 12.30 1.80 22.00 10220 1320

} 120 17.10 14,10 3.00 ©25.00 £0.208 112.50
TABLE B55 CULTIVATED LAXD

A B | C D 'E I F ' G
| Elapsed | Final | Initial | Water | Cum. | Infiltration | infil.
Time Reading | Reading | Intake | Water | Rate | Rate
: (B-C) | Intake | (E/A) | (Fx60)
| (z0) | ;
! (cm) (cm) (cm) (cm) (cm) | (cm/min) | (cmvhr) |
0 6.00 6.00 - | - |- - 5
1 6.70 6.00 | 0.70 070 [0.700 14200
E 7.00 | 6.70 1030 1.00 | 0.500 13000
E 7.60 i 7.00 0.60 1.60 1 0.320 1 19.20
- 10 8.40 | 7.60 0.80 12,40 1 0.240 I 14,40
13 8.00 [ 7.40 0.60 3.00 | 0.200 1 12.00 |
| 20 8.50 8.00 0.50 3.30 0.175 11050 ¢
30 9.60 8.50 1110 1,60 0.133 1920 |
{45 10.90 960 130 5.90 0.131 1787 |
| 60 12.10 [ 1090 | 1.20 [ 7.10 0.118 L7100 |
1 73 1330 | 1210 1120 830 0.111 1 6.6+ |
| 90 14.40 13.30 L1000 [940 0.104 | 6.67 |
I 100 15.10 14.40 0.70 10.10 0.101 6.06 |
| 120 17.60 16.10 1.50 1160 0.097 1580 |
TABLE B56 FALLOWED LAND
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INFILTRATION RATE AT NORMAL SURFACE FOR JULY

A 'B i C D 1 E F G A B C D E F G
Elapsed | Final Initial Water | Cum. Infiltration | Infil. Elapsed | Final Initial Water | Cum. Infiltration | Infil.
Time Reading | Reading | intake Water Rate Rate Time Reading | Reading | Intake Water | Rate Rate
(B-C) intake (E/A) (Fx60) (B-C) intake | (E/A) (Fx60)
(2D) (2D)
(min) {cm) (cm) {cm) {cm) (cm/min) | (cnvhr) (min) (cm) (cm) (cm) .| (cm) (cm/min) | (cm/hr)
0 1 7.20 7.20 - - - - 0 7.80 7.80 - - - -
1 : 8.10 1 7.20 0.90 0.90 0.900 54.00 1 8.90 7.80 1.10 1.10 1.10 66.00
2 1 7.40 1 7.10 0.30 1.20 0.600 36.00 2 8.80 7.90 0.90 2.00 1.000 60.00
5 i 8.10 | 7.40 0.70 1.90 0.380 22.80 5 11.20 8.80 2.40 4.40 0.880 52.80
10 1 9.00 1 8.10 0.90 2.80 0.280 16.80 10 14.20 11.20 3.00 7.40 0.740 44 .40
15 : 9.90 i 9.00 0.90 3.70 0.247 14.80 15 16.60 14.20 2.40 9.80 0.653 39.20
20 £ 10.70 1990 0.80 4.50 0.225 13.50 20 18.60 16.60 2.00 11.80 0.590 3540
30 11210 1 10.70 1.40 5.90 0.197 11.80 30 21.80 18.60 3.20 15.00 0.50 30.00
45 { 14.00 { 12.10 1.90 7.80 0.173 10.40 45 24.80 21.80 3.00 18.00 0.400 24.00
60 y 15370 14.00 1.70 9.50 0.158 9.50 60 17.007 8.50 8.50 25.50 0.442 26.50
75 1 17.20 15.70 1.50 11.00 0.147 8.80 75 22.70 17.00 5.70 32.20 0.429 25.76
90 1 19.60 | 18.20 1.40 12.40 0.138 8.27 90 25.70 12.70 3.00 35.20 0.391 23.47
100 1 2040 1 19.60 0.80 13.20 0.132 7.92 100 17.00 12.40 4.60 39.80 0.398 23.88
120 1 21.90 20.40 1.50 14.70 0.123 7.35 120 23.40 17.00 6.40 46.20 0.385 23.10
TABLE B57 CULTIVATED LAND TABLE B58 FALLOWED LAND
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INFILTRATION RATE AT NORMAL SURFACE FOR JULY

A ' B | C | D | E | F i G A B C | D E | F | G
Elapsed : Final Inital Water t Cum. Infiltradon | infil. Elapsed | Final intial | Water | Cum. infiltranon | Infil.
Time | Reading | Reading | Intake | Water | Rate | Rate Time Reading | Reading | Intake | Water | Rate Rate

! (B-C) l Intake | (E/A) | (Fx80) (8C) | Intake . (E/A) (Fx80)
(5D | (3D

! (min) C {em) ' {cm) i (cm) i (cm) | (cmvmin) ' (cwhr) | (min) | (em) | (cm) | (em) | {cm) i (cvmin) | (cmuhr)

) " 8.50 "8.50 r- - | - - 0 | 8.00 i 8.00 - R P -

M "9.10 . 8.50 1 0.60 1 0.60 1 0.600 | 36.00 1 i 8.60 | 8.00 | 0.60 . 0.60 . 0.600 36.00

3 .60 . 8.10 ' 0.50 11.10 i 0.550 73300 | 2 | 8.00 | 7.60 | 0.40 1.00 . 0.500 " 30.00

1K 9.70 ! 8.60 | 1.10 1 220 | 0.330 72640 | S | 8.80 | 8.00 1080 . 1.80 1 0.360 " 31.60

i 10 “11.30 ' 9.70 | 1.60 | 3.80 | 0.380 1 2280 10 | 9.90 i 8.80 P10 1 2.90 1 0.290 I 17.40

15 1250 1130 11.20 | 5.00 | 0.333 i 20.00 1S [11.00 | 9.90 [ 1.10 1 4.00 1 0.267 | 16.00

| 20 15,7 11250 1 1.20 | 6.20 1 0.310 t 18.60 20 | 11.80 [ 11.00 1080 | 4.80 1 0.230 T 1440

30 1560 1 13.70 1190 1 8.10 0.270 | 16.20 30 | 1340 11180 160 1640 1 0.213 | 12.80

r3s “18.10 ' 15.60 | 2.50 1 10.60 0.236 I 14.30 45 11530 11340 1190 | 830 1 0.184 L 11.07
60 - 20.10  18.10 | 2.00 | 1260 10210 "12.60 60 | 17.00 11530 |1.70 11000 | O0.167 1 10.00

75 3190 12010 1 1.80 | 1940 10192 T 11.52 75 1 18.40 1 17.00 1130 11140 10152 1912
%0 T 1380 ' 11.10 12.70 i 17.10 0.190 i 11.40 90 19.60 1840 | 1.20 | 1260 |0.140 | 8.40

{100 1530 1380 1150 1 18.60 0.186 1 11.16 100 20.40 1960 (080 ! 1340 |0.134 1404

{120 1810 1530 28 2130 [0.178 1 10.70 120 2230 2040 {240 | 1580 | 0.132 | 7.90
TABLE B59 CULTIVATED LAND TABLE B60 FALLOWED LAND
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APPENDIX C.

GRAPHS FOR DATA
OBTAINED FROM THE
FIELD
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Fig. .1: Graph of Infilitration rate against time for average of four replicates for cultivated land
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Fig. 2: Graph of Infilitration rate against time for average of four replicates for fallowed land
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Fig. 5 Graph of Infilitration rate against time for average of four replicates for cultivated land
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Fig. 4 . Graph of Infllitration rate against time for average of four replicates for fallowed land
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Infllitration rate, {lcm/hr)
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Fig. !5: Graph of Infilitration rate against time for average of four replicates for cultivated land
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Fig. '6: Graph of Infilitration rate against time for average of four replicates for fallowed land
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Infilitration rate, (lcm/hr)
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Fig. 7: Graph of Infilitration rate against time for average of four replicates for cultivated land
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Fig. 8: Graph of Infilitration rate against time for average of four replicates for fallowed land
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Infilitration rate, (Ilcmvhr)
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Fig. 9: Graph of Infilltration rate against time for average of four replficates for cultivated land
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Flg. 11: Graph of Infilitratlon rate agalnst time for average of four replicates for cultivated land
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Fig. ¥2: Graph of Infillitration rate against time for average of four replicates for fallowed land



Infilitration rate, (lcmvshr)
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Fig. 13 Graph of Infilitration rate against time for average of four replicates for cultivated land
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Fig. |4 Graph of infllitration rate against time for average of four replicates for fallowed tand
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Infilitration rate, (Icm/hr)
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Flg. 15. Graph of Infilitration rate agalnst time for average of four replicates for cultivated land
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Fig. {6. Graph of Infilitration rate against time for average of four replicates for fallowed land
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Fig.ﬂ : Graph of Infilitration rate against time for average of four replicates for cultivated land
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Fig. ) 8: Graph of Infilitration rate against time for average of four replicates for faliowed land
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Infilitration rate, (lcm/hr)
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Fig.} 9. Graph of Infilitration rate against time for average of four replicates for cultivated land
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Fig.20 Graph of infilitration rate against time for average of four replicates for fallowed land



Infilitration rate (lcm/hr)

Infilitration rate, (lcmihr)
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Fig. 24: Graph of Infilitration rate against time for average of four replicates for cultivated land
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Fig.22. Graph of Infilitration rate against time for average of four replicates for fallowed land
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FigZ3 : Graph of Infilitration rate against time for average of four replicates for cuitivated land
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Fig.24: Graph of infiltration rate against time for average of four replicates for fallowed land



Infilitration rate, (lcnvhr)

Infilitration rate, (lcmvhr)
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Fig..25 Graph of Infilitration rate against time for average of four replicates for cultivated land
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Fig.Zo Graph of Infilitration rate against time for average of four replicates for fallowed land
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Infilitration rate, (lcmv/hr)
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Fig.Z7 Graph of Infilitration rate against time for average of four replicates for cuitivated land
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Inifilitration rate, (lcmvhr) -
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Fig29 Graph of Infilitration rate against time for average of four replicates for cultivated land
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Infilitration rate,v (lemvhr)
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Flg. 3/ Graph of Infilitration rate against time for average of four replicates for cultivated land
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Fig. 32 Graph of Infilitration rate against time for average of four replicates for fallowed land
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Infilitration rate, (lcrvhr)
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Fig.XA Graph of Infilitration rate against time for average of four repiicates for cultivated land
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Fig.34. Graph of Infilitration rate against time for average of four replicates for fallowed land
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Infilitration rate, (icmihr)
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Fig. 35 Graph of Infilitration rate against time for average of four replicates for cultivated land
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Fig. 36 Graph of Infllitration rate against time for average of four replicates for fallowed land
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Infilitration rate, (lcnvhr) .
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Fig.37: Graph of Infilitration rate against time for average of four replicates for cultivated land
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Fig.}ﬁ Graph of Infilitration rate against time for average of four replicates for fallowed land
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Fig. 39 Graph of Infilitration rate agalnst time for average of four replicates for cultivated land
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Fig. 40 Graph of Infilitration rate agalnst time for average of four replicates for fallowed land
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Fig.42 Graph of Infilitration rate against time for average of four replicates for faliowed land
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Fig. 43 Graph of Infilitration rate against time for average of four replicates for cultivated land
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Fig. 44 Graph of Infilitration rate against time for average of four replicates for fallowed land
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Fig. 47 Graph of Infilitration rate against time for average of four replicates for cultivated land
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Fig.50: Graph of Infilitration rate against time for average of four replicates for faliowed land
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- APPENDIX D.

. LOCATION OF TESTED SITES
MARKED A, B AND C.



LOCATION:A

N . . . . . . 4] . .
From point A at the edge of the tributary into the dam, a bearing ol 208 'NI: was taken

to site 27 which has a distance of 762.5m between them. Using site 27 as a relerence

point to heat some of the surrounding point we have the

1.

The bearing of site 30 from site 27 is $88"NE with a distance of 1712.5m between

them.

- . S~ . . . 0 - . . . -
The bearing of site 29 from site 27 is 48 NE with a distance of 1125m

between them.

The bearing of site 28 from site 27 is I93(‘)NE with a distance of 725m between

them.

The bearing of site 17 from site 27 is 243°NE with a distance of 637.5m between

them.

The bearing of sit 26 from site 27 is 278°NE with a distance of 880m between

them.

The bearing of site 25 from site 27 is 308’NE with a distance of 975m between

them.

LOCATION B:

.

o

‘From B on the hill the bearing to site 5 is 282"NE with a distance of 775m between them.
v g

Therefore, using site 5 as our reference point, the bearing of site 5 to site 4 is
165'NE and the distance between them is 925m.

The bearing of site 3 from site 5 is 242°NE with a distance of 1225m between

them.



3. The bearing of siteY of from site 5 is 294N with a distance of 1550m between

them,
4. The bearing ol site 8§ from site 5 is 309" with a distance of 1000m between them.
5. The bearing ol site 6 [rom site 5 is 15"NE with a distance of 662.5m between
them.
0. The bearing of site 7 from site S is 29" with a distance of 1250m between them. '

LOCATION C:

. . . . Lo TN . .
From poimnt C, a bearing of site 14 was taken to be 130°NE which will serve as our

reference pomt to leave all others. The distance between them is given as 937.5m.

L The bearing of site 13 from site 14 is 141'NE with a distance of 902.5m between
them.
2. The bearing ol site 172 from site 14 is 103"NI with a distance of 1312.5m between
them.
13, The bearing of site 15 from site 14 is 73"NE with a distance o 900n1 between
them.
4. The bearing of 'site 19 from site 14 is 28"NLE with a distance ol 825m between
them.

147



