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ABSTRACT 

Inlilration rates of different types of soil Linder dirfcrent lalld lise systelll were 

mCHsurcd using douhle rillg infiltlOlllcler. Aner prolollged wellillg (2 hOlliS), the Ilatlllc or 

the soils, were ddcllllined with these final infiltration ratcs. The descriptions orthc soils, 

were then grouped into four infiltratioll groups of sandy, loamy, silt and clay soils. (Indcr 

the fallowed land usc practice, it was discovered to have a higher volulJIe of infiltratioll 

rate (5.~U-4(l.20cl11/hr) than the soil under cultivated land practice (2.40-(l2.70clll/hr). 

lIowever, the influence of land usc on volulJletric water cOlltcnt was lIot statistically 

significant which could be attributed to the clayey nature or the soils in the site, which 

masked the effect of land use. Generally, soils under the fallow l<tnd usc practice showcd 

a higher infiltratioll rates than those under cultivatioll. Regrcssioll allalysis was pCI fi III lied 

on linal infiltration as a function of bulk density, field capacity alld initial llloisltm: 

content. It was discovercd that the surf~lce bulk dcnsity had the highest COlTcIatiol1 

coefficient and the average soil property down the profile do not affcct infiltration rates. 

Curve fitting carried out on Philip's, IIorton's and Kostiakov's models, showed that 

Hortbn's equation had a great consistent deviation during the carly part of the test (i.e. the 

first 40 minutes) but Philip's equation started deviatillg dUI ing the later palt or the tests, 

particularly for swelling soils. Kostiakov's equation gave a more accurate result and is 

recol11mended for the soils tested and other silllilar soils. 
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CHAPTER ONE 

1.0 INTRODUCTION 

Water resources management is all inllHlllaill issuc or our days, especially ill Ihe 

arid and semi-arid region, \vherc Niger State Falls; WlhTC a better water balance inlhe soil 

is very crucial/important. One inlportallt issue is 10 evaluate qualitatively alld 

quantitatively the spatial distribution of water in this area; that is the irrigation I~llm of the 

Pederal University of Technology permanent site Minna. 

Water in any part of the world is one of the key Factors limiting agricultural 

practices. Proper manClgelllent or waler is olle of the key nlclors to increase agricultural 

production in these regions. Infiltration is one of the key processes controlling the water 

budget and transport processes in the soil profile. Thus, evolutioll of in/litration will 

dctemline the proportions of the water moving through the root zone, beyond it stored in 

the soil and available for surface runoff (Serrano, 1<)<)0). Inllitratioll rates on a fIeld may 

vary from very low to very high rate of water intake but it depellus on the ::;oil 

characteristic which control infiltration characteristics. If the infiltration characteristics on 

a field can be kept constant, then irrigation efficiency coulu be increased to a high level 

(Jensen ct ai, 1987). 

InfIltration refers to the entry of water into a soil profile from the soil surface. 

Generally, it refers to the vertical inlillration, here water moves downwards from tile soil 

surface to replenish the soil water/moisture ueficiency. Since infiltration cause the soil to 

become weller with time, water at the Icauing edge of the wetting front advances into the 

drier soil region ahead of the front under the inOuence of matric potential gradient as well 

as gravity; for infiltration which are vertical (Blake, et ai, I (86). Infiltration of water into 

soils is one the most studied of all the important hydrologic process occurring at the soil 

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



temporally and spatially in rcsponse to changes ill soil and crop managelllcnt practices. 

Gumbs and Warketin (1972) rcported largc variations in soil infiltration capacity 

following small changes in bulk density, and Mbagwu (1987, 1990) alld Lal et al (1980) 

obscrvcd much high cumulativc infiltlation, infiltration rate amitilllc to attain equilihriullI 

on mulched than ullmulched plots irrespective of the tillage treatmcnts. 

In fi Itration ratc data 0 f soi Is can bc used to Supp ICll1cnt other soi I i nf(JrllIat ion 

.. whieh should hclp soil scientists, enginecrs, hydrologists and other dcal more prcciscly 

with a wide spcctrum of watcr resourccs managcmcnt and conscrvation problcm (Ahmed, 

1982) diffcrcnt tyVCS of soil arc known to havc diffcrcnt watcr intakc ratcs. IVlovcmcnt of 

the water through thc soil profile tells a lot about the pore sizes allll permeahility; the 

. 
larger the pore sizes of the soil the higher the rate at which water is taken in while thc 

reverse is the casc for smallcr porc sizcs. In some cascs, thc pore sizes can be large but thc 

ratc which water moves through thc profile can be slow, this Illay depcnds 011 the presence 

of air within the profile and whcre such cxist, there will he a sudden upstroke of water 

releasing thc air into the atmosphere and thcn the process of infiltration will cont;illuc. It 

was thcrefore based 011 this that our soil classilication was made possible which fUlthcr 

helps to detenlline the type of irrigation practicc that will be necessary for that area. Much 

work has becn carried out on using infiltration rate in grouping soils. Musgrave (]955) 

suggested that most soils could be placed into one of the four infiltration groups 

. depending on thcir measured and inferred infiltration capacity. Work or infiltration 

(ASCE, 1949) showed infiltration rates listed ill relation to the texture of the surface 

soils. However, this approach either assumes uni form decp surface soils or insigni ficant 

c,hanges in permeability with depth (Ahmed, 1982). 

When a different soil layer in tcrms of texture and permeability lhml thc SUrf~ICC 

layer is present in the soil profile, it will reduce the infiltration rates, regardless of weather 

it is coarser or filler than the surface layer. If thc texture is fillcr, the reductioll in 



, infiltration is due directly to its lower permcability, if on the opposite, a substance coarse 

textured lay above it. The unsaturated conductivity of the resulting partially saturated 

coarse-textured region is actually lower than the \veUer finer textured region above thc 

infi Itration rate decreases as the front reaches the interface (M iller and Gardner, I <)(l2). 

Layered soils arc known to induce unstable flow when a line-textured region lies 

over a coarse-textured one. (Raats, Jl>7:\). During ilJfiltration into dry soil layered in this 

manner, water cannot enter the coarse-textured zone until the pressure has huilt up 

sufficiently to wet the layer pore. If this occurs at discrete locations along thc wetting 

point. The new wetted channels in the coarse-textured I.one may become conduits for all 

the water entcring 110m abovc. These narrow-flow channels, called lingers can persist 

through the entire coarse-textured lone. As the flow paths become smaller which explains 

partly the decline of the infiltration rate in timc. By the time infiltration ratc has constant, 

a pronounced transition zonc is establishcd with ncarly uni form moisturc content close to 

saturation. Pressure differelJce here is smaller alJd the watcr movcmcnt is dominated hy 

the gravity force. The final infiltration rate. Thus becomes approximatcly equal to the 

saturated hydraulic conductivity of the soil. 

Infiltration measuremcnt is labourious and tiresomc. It can be expcnsive where 

watcr is limiting. A mcthod of using inliltration ratcs to dcscribe the hydrological 

grouping of soils IS thereforc desirablc and is possible through somc simple time 

dcpendcnt infiltration cquations. Howevcr, not all thcse equations are applicable in all 

conditions and thereforc test on their applicability accuracy arc important. 

3 



1.1 .'ustifkatiull Fur Thl' Study 

Considering the problem or soil classification, it is illlport,lIlt to know the rate at 

which water moves into the soil undcr a wide range of condition. This tells a lot about the 

type of the soil in that area, since the rate or 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 he applicd to the surface without rUllofI The 

measurement of soil infiltration rate is essential in irrigation layout and design and also in 

cstimating catchmcnt runoff Illodels (Clark, I CJ74;). This therefore entails realistic 

planning of water management activities (erosion control and in·gation) which reqlllres 

simple information on the rate at which different soils take up water umler varying 

conditions. Infiltration rate data collected can help in determining the hydrological soil 

grouping and other soil information which could help the soil scientists, engineers and 

hydrologists to deal more effectively with a wide spectrulll of water resource managemcnt 

and conservation problems. 

1.2 Statcmcnt of The Problem 

Classification of soil has been of difficult task in the past years for soil scientists 

bec.allse they have to go through stages of digging the soil profile to varying depth and 

collecting samples at designated points. These samples arc taken to the lahoratory for 

further detailed work to be carried out (this part is called pedology). The work reported 

herein is aimed at simpli fying the process of soil classi fication. 

4 



1.3 OBJECTIVE 

The i(Jllowing are the ubjective or the study: 

I. To predict relative infiltratiol1 rates using some time dependent infiltratiol1 

equation and to determine which equation best lits the permanent site or the 

university farlll. 

2. To classify soil according to inlillration rate. 

5 



CIIAPTER T\V() 

2.0 .- LITERATURE REVIE\" 

2.1 In troductiol1 

.A great deal of work has been carricd out on infillration rate since 19::n when 

Horton explained its importance in the hydrological circle; illfiltration refers to water 

movillg into soil 1I-L)(]J raillf~t11 or irrigation amI is the lirst sl;Jpes ofwatcr movement in Ihe 

soil. It is of great importance in any irrigation plan, fur any runoff prohlem, to know thc 

infiltration ratc and the soil watcr content ancr inlillratioll (Ahmed, I <)R2; FIT, 20()O). In 

the hydrological cycle, a falling drop of waler may be intcrccptcd by vegctation or may 

fall di!,ectly on to the ground. Waler on reacling the earth's sllll:Jce is eilher CV;JI)()lIralcd 

back to thc atmosphcre or cntcrs into the soil (ill filtration) or run-ofT the soil surface. 

Infillration start as soon as the first drop of rain fall touches thc ground surl~JCC ;lIJd 

continues evcn after prccipitation ccases until all depression on thc land surf~lce arc elJlpty 

(Ahmcd, 1982). 

Infiltration ratc may bc limitcd in two ways. Firstly, it cannot cxeccd thc rate at 

which watcr is addcd to thc soil Sllrf~ICC that is, rainfall intensity and sccondly, it is lillJitcd 

by the rate at which watcr call clltcr and move through the soil. Thc following arc the 

processcs, which incrcasc infiltration; 

(i) passagc of watcr through thc soil surfacc, 

(ii) movement oi'watcr through soil mass (pcrcolation) and 

(iii) depletion of soil moisturc storage. 

, 

6 



2.2 Infiltration Them'), 

The theory alld process of infiltration h;IS heen rcviewcd hy Philip (I W)(», I lilkl 

(llJ71) and Baver cI al (llJ72). Infiltratioll rate usually shows ;1 skllp declille wilh lillie 

from the start or the application of water. The constant rate approached a ncr a sufficiently 

large time is referred to as the steady infiltration rate. This process is descrihcd hy several 

equations showing a decrcasing infiltration rate as a ftlnction or time. 

The theory of infiltration can he divided illto two Illajor groups whidl ale 

(i) downward or \'Crtical infiltratiun; alld 

(ii) downward infiltration into a layered soil. 

The mathematical theory of vertical infiltration based upon the solutioll or the 

Richard's equation (Pillbury and Richard's 1954) as cited hy Philip (1%<) is given ill 

equation 2.1 

where: 

a0 
at 

g 
liz 

t(h)( ; j ,}------------------------21 

(;J = voiumctri{; moisture content (nhlll~) 

= time (sec) 

7. =- gravitational potential 

K c_, hydrauli{; (;onducti vity (Ill/sec) 

h = hydraulic potential (m) 

K (h) =c, hydraulic conductivity, a function or h. 

7. 



The infiltration model was derived li·OIl! lJarey's la\v which is givell as 

q "-kAh ------------------------------------------------------------·-------2.2 

Where: 

1 
q l10w rate (Ill /s/ Ill) 

l\ = gradient vector 

h = hydraul ic potentia I (III) 

EquatiorS2.! and 2.2 are Darcy's and continuity equations respectively. 

The infiltration equations and models chosen liJr this work arc 

(i) Koskiakov's equation, 

(ii) "orton's equation, and 

(iii) Phillip '5 equation 

2.2.1 Kustialwv's CtllHltioll 

The funetionJ I relationship bet ween i nli Itration, I, and ti l1Ie, t, is hest represented 

by the equation 

I 0= M til I· b---------------------------------------------------------------------------------2.3 

Where I =InfiItration rate (em/hI') 

t =time (minlls 

The values of the suggested b, M and II Illay be determilled by the Illethod or 

averages using the procedure suggested by Davis (I <)4.1). The lirst step is to plot the graph 

orinliltration rate, L against time, t and lIsing normal graph, choose two poillts (tl II) and 

(12, h) on and ncar the extremes orthe sllIooth curve representing the data. A lilT which, a 

point II c= -Vtl t2 is chosen, 13 is read against 11. The value orb is determined by lIsing the 

following equation 

h ~ II I] 12] __________________________________________________ -------------------------2.4 

II I b 21.1 



The value of b is subtracted from each value of I, the logarithms of (I-b) and t 

. \Vcre takell. The \,11 iahlcs ale related hy the expressioll 

I -- b = M tl1 ____________________________________________________ ------------------------------2.5 

-rakillg the log<lIitlllll of the ahm'e equatiulI, we have 

Log(l b) = Log r-.l + n log t ---------------------------------------.----------------------------- 2.() 

The logarithm of the ahove equation helps to cxprcss it to the lilll' equatioll of Y 

Mx + C where M is the slope, X is the variable and (. is the intercept alollg the Y aXIs. 

Assuming the relationship hetween t and I can be expressed by equation 2.~ It is 

not important to determine the value of the rectifying 1~lctor, b, the logarithm I(JlIIi of the 

c..,xpression will thercfl.)re be taking the 1()JI1l 

Log I = Log M + 11 Log t-------------------------------------------------------------- 2.7 

To determine the values that lit the equation, the values or I are calculated hy 

substituting the values ofb, M and n in the equation 2.3 for each value observed at I. 

Ilowever, the values may be suhstituted in the equation in the logarithm lion) 

Log (1- b) = Log M + nLogt ---------------------------------------------------------2.X 

I - h = Log-I (Log M + nLogt) ---------------------------------------------------2.<) 

I = Log-I (Log M I- nLogt) I- b -----------------------------------------------------2.1 () 

The instantaneous inliltration rate at any time, t, after the hegillning of the test 

may be ohta i ned li01ll 

diM n t112
-
1 
---------------- ----- - --------------- - -------------- --- ----- --- - - - --- -- --2. 1 1 

tit 

2.2.2 Horton's E(luatioll 

This equation is given by 

I -- let ( 10 Ie) e-kl __________________________________________________ ----------------2.12 

(I _. Ie) = (10· -Ie) e kl ____________________________________________________ ------------2.1 J 
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Changing the equation 2.1] to the furm of" Y . - Mx I (', we have to take the 

logarithm of" hoth sides or the eqllation 

Where, 

I ,og (I Ie) = I ,og (10 . Ie) k loge~------------------------------------------- 2. 14 

('= I ,og (I Ie) which is tilt: intercept on the Y a.x IS, 

M = kl ,oge whieh is the slope alld 

x = t which is the variable 

IfM = kloge 

Then k = - M 
Log e 

The foremost important thing is to plot the graph of" the infiltration, I, against tillle 

t, to obtain the value fur 10 and Ie. Another glaph or Log (I Ie) against tillle, t, along the 

y. axis and M, slope (llorton's, 1<)]3). Tile coefficient or(lo Ie) in I turton's IlImkl 

according to Ahmed and Duru (I <)KS) is constant f()r any givell soil condition. 

lIorton's equation was uscd to evaluate the accullllllatcd lkpth o/" wakr which 

infiltrated during a given time period. 

1 ~ S :' I, J (---------------------------------------------------------- ------------- -' 2. 1 5 

1 ~ Ie 1 (1",1 Ie)c'" d (--- ----- -- ----------- ------ -. --------- ---- ---- ---- -..- -- -- -2. 1 (, 

Ie I Ie to (I e U )m ____ m _________ m _______________________________ m ___ 2.17 

k 
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where, 

1= accumulated infiltration (cm), 

Ic =- the constant/final infiltration capacity as t approaches infinity (cm/mins) 

positive constant fiJr a given soil and initial condition, 

III infiltration capacity at the hegilll1illg or ildiltratioll capacity (ull/mill) alld 

t ------ time (minutes) 

2.2.3 Philip's E(luatioll 

The mathematical and physical allalysis of the infiltration process devc\oped by 

Philip (1<)57) sep,nated the process illto two colllponcnts which arc that caused hy a 

sorportivity factors and that influenced by gravity. Sorportivity is thc rate at \vhieh water 

will bc drawn into a soil in thc abscncc of gravity~ it comprises thc comhillcd eflCcts or 

-
absorption at surf"aees of" soil particles alld capillarity ill soil pOles. Thc gr;l\ity f;ICtlll is 

due to the impact o/" pore 011 the flow of"watcr through soilullder the influellee of gravity. 

The Philip's Illude! takes the 1<11111 of a power series hut ill jlr,ldin' ,Ill ;](kqll;lfl' 

description is given by the two paramelcr equation. 

i cc= st I 12 + A t---------------------------------------------------------------------------- 2.1 R 

The value of the constants ;\ and S can be determined by employing the method or 

l11ultiple regression analysis. From the ahove equation, there is one dependent variable, i 

(cumulative infiltration, cm) and two independent variahle I 10 and I wherc A is Ihe 

intercept and S is the slope. To know the goodness or lit, the values or I arc calculated by 

. substituting the values of A and S in the equation in the equation 2.1 X f'lI' each ()bserved 

value of t. 

The rate of in lilt ration is determincd by differentiating equation 2.1 X tllllS. 

dl 
dt 

_I_st -1/2 1- A 

2 
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The constants of A and S may he determined by plotlillg the graph ordl/dt against t 1/2 

2.3 Soil sampling 

2.3.1 Initial soil moisture content 

The initial soil IIlOisture C()II[ellt at any givell tillie was cOllsidCled [0 inlllll'IKe thc 

initial rate and total amount of infiltration, both decreasing as the soil moisture content 

rises (Michael, 1 (J<)2). The drier the soil, the greater the rate of elltry or water heCilllse the 

. gradicnt of the lIIatric potential is the II of greater lIIagllitude. '1 he initial Il}()istllle cOlltent 

or the soil per site was ohtained hy pu,..,hing a core salllpler ()()IIlIII diameter alld )()IIIIII 

high) into the ground and was gradually brought out. The ends were scraped with a kllilC 

and the content emptied into moisture cans ur known weights and covered i1ll11lediately. 

III the Iabora[ory, [he cans were weighed ,lilt! dried ill all ovell at I I )11(, fill' 24 hOlliS, 

alter whieh they were weighed again. The moisture content orthe soil was obtained flOlII 

M.e = (Weight newet soil ~~1!lll_~.J.lY~igI!LQLill:y S(l.LU:J~'<!IJ)---hh-hh---h--2.1 () 

(Weight of dry soiltcan) 

Where M. C. =: moisture content. 

. 2.3.2 Soil bulk density (BD) 

According to Marshall and lloltnes (1988), bulk density increases with the degree 

of comraction which may be due to the clTect of cultivation practices alld/or railliidl 

even[s Oil the [01' soil. A high bulk density would affect infiltration rates (Brady, 1 ~k4). 

Boan.lman et al (1990) noted that bulk density decrease is closely associated with (III 
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II1crease III illfiltratioll capacity. Alllllcd ami ))urll (JI)XS) fillllHI a slmllg l'olTclalioll 

between bulk density and infiltration rate or soil tested III Samarll, Kadllll<l State or 

Nigeria. 

After all infiltration rcplicates had bccn eompletcd in a given sitc, two or the spots 

where measuremcnt had takcll placc wetc covercd wilh a plaslic shcet II) prc\'l'lll 

evaporation /()r about twc\lty-l()l\r hours. Fight soil samples were takell liOl)] this site, as 

described above l()r Jetcnnining the field capacity and bulk density. Oil each or the lwo 

spots, two samples werc taken on the surl~1Ce and two at SOcm dowll the soil profile. The 

field capacity was determined ill the sallie \vay as lhe initial Illoisture COlltCllt.( he hulk 

dcnsity (BD) was calculated tiom the equatioll given helow. 

HD = (Weight of dry soil -1 cal~lWeight of the c~l!) -------------h----------2.20 

(Volume of core saillpler) 

2.4 Facturs affecting infiltratiun 

Factors affccting intiltration rates call be dividcd illto two grollps aCl'OIdillg to 

Lewis and Powers (( 93R). They arc; 

1. factors influencing the average inJiltration rate over a considerable period or tillle; 

f()f exaillple slope, vegetation and sutiace roughness; 

11. factors influencing thc illfiltratioll rate at a givcn time and part; for example, 

texture, structure and organic matter. 

1 lorton (1<)40) made clear that illJiltration rate is governed mainly by conditions 

ati~r ncar the soil surface. IIe suggested that soil type, soil profile, biological and micro-

structure within the soil and vegetal cover arc the basic factors arrcctillg illfillratioll 

rates of soils. 

Musgrave (1955), gave a summary of factors that affect illtake rate or water hy 

soil; as follows: 
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1. surface conditions and the amount of protection against the rainf~\11 impact, 

11. the internal characteristics or the soil mass, including pore Sl/e, depth or 

thickness of the permeable portion, degree or swelling or clay and colloids, 

organic lIlatter content and degree or aggregation; 

JII. soill1loistllle content and degree or saturation; 

IV. duration and intensity or water application and 

v. season orthe year and telllperature or the soil and water. 

The initial infiltration rate or a particular soil is influenced hy the soil llIoisture or 

ihe area. Smith (1949) discovered that the larger the time or application, the less efrect 

antecedent soil lIloisture would have. In other words, the final infiltratioll rate is 

unal'(Ccted by the antecedent soill11oisture. 

The presence or vegetation and l1louldingiresidue increases the infiltration ratcs or 

soils. Vegetation absorbs the raindrop inlpact, preventing crust rOllnation and prollloles 

microbial activity and soil strllcllllT. On decay, plant roots have large condllcting pores, 

which supports the rate of infiltration. J\ small increase in the hydrostatic head over these 

pores results in an increase in the flow through the soil surface. Detailed reports on effect 

of vegetation could be found elsewhere (Duley and Russel, 1939; Daley and Kelly, I !)~<J; 

Kidder ct ai, 1943; Williallls and I )oneen, 1%0; Mallllering and Meyer, I ()()3; I.awes, 

1966; etc). 

Exposed soils can be rendered almost impermeable by the compacting impact or 

large drops coupled with the tendency of wash off of very small pm·ticles into voids. The 

surElce lends to becoll1e pllddle and the infiltration rate vallie drops sharply. Also, 

compaction due to man/animal treading the surface, or to vehicle trartie can severely 

reduce infiltration capacity. 



Burrowing animals and insects opening up ways into the soil, thc cover prevcnting 

compaction and the vegetation's transpiration rellloving soilllloisture, all tend to help the 

infiltration process. Hopp allli Siater (I ()48) tiHlIld that earthworms increase infiltratioll 

rates by a factor of 4, another report by Dixon and Peterson (1971) stated that 

undisturbed earthworm activity could illcrease infiltration within a few months. Similar 

ctkcts were reported by Wilkinson (l(nS), Euler (1<)7.'), Wilkinson alld ;\ina (1<)7(), 

Lauritzen and Stoltenberg (I ()40) 

Dense vegetal cover such as grass or forest tends to promote high vailles or 

infiltration. The dense root systems, all providillg incrcasc rate of intiltratioll to thc 

subsoil, the layer of organic dcbris f{)JIl1ing a sponge likc surf:lce hUITowillg anilll;tls 

and insects opening up \vays into the soil, the cover preventing compaction and 

vegetation's transpiration removing soil moisture, all tend to help the infiltration 

processes. 

Cultivation affects infi ltration because 0 fits effects on the conducti ng pores ill 

soils. It may either increase infiltration depending on the soils surface alter cultivation. 

Cultivation practices that leave the surface rough with many pockets arc likely to have 

more infiltration than smooth hcavily worked surface. I [cavy machineries used on farm 

lands compacts the soil, reducing the pore sizes which in turn reduce the infiltration 

rate. Parker and Jenny (1945) found that compaction of soils by heavy machincs is morc 

pronounced on wet soils than dry soil allll infiltration rates were reduced ill both cases. 

The rate of infiltration into the soil depends, sometimes on the rate of llIovcmcnt 

of water down the profile. Within the profile, finer materials like sill and clay particles. 

call he washed or leached dOWIl, which may result in the blockage or the sllwllcr pore 

spaces in subsequent layers. In most profiles there may he considerahle variation in 

hydraulic conductivity with depth. When a coarse layer overlies a finer layer, infiltration 
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is initially controlled by the finer layer. In many cases, a perched water table may be 

formcd in thc coarscr layer just abovc its boundary with an impcnding fillcr bycr. Thi.') 

was supporteJ by a study undertaken by J lille! (1 <)71). The cf"/ccts uf texturc and s\vclling 

on thc pore size distribution and pcrmcability was roulld to incrcase cxponclltially with ;111 

increase in partic Ies size. 

Some chemicals havc cried on infiltratioll ratcs or soil. ('hclllicals which Sllpport 

the dispcrsion or soil aggregatcs (sllch as SOllIe sodiulII salts) calJ reduce the soil 

infiltration ratc. Other chemicals that tend to ceillcilt 01 stabiliz.e the soil agglegates 

increase inJiltration rates. Pillsbury and Richards (1954) fillllld that lIloderate 

application of ammoniulll sulphate resulted in significantly higher illfiltration rates t"'HI 

urea when combined with large all\ounts ororganic I!lattcr. 

Dulley and DOlllingo (194~) di')covcred Ihat tCllIpnatlllc havc cfkct on illfillntiolJ 

rales, bUl any varialion in inJiltralion causcs by changcs ill lcmperallllc likely lo OCClII 

under conditions of natural rainfall which would be too slight to have any practical 

significance in dctcrmining the amount of rainJall that wOllkl hc absorbed by 

agricultural land. 

The factors, however, affecting the rate oj" illJiltration are not all prescnt ill a givcn 

soil at a givcn time. Furthcr more, somc of thc effects prcsent in thc soils overshadow 

those of others. 
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2.5 IlIfilh-atiulI Hall' l\It'asnl"('lIu'1I1 

2.5.1 CYLINDER INFILTROMETERS 

liaise ct ai, (I <).'i(J) gave a detailed analysis on the lise of the cylilldl'l illfiltlOllll'ln. 

J\ metal cylinder with all illner dialllcter or 3()OIlIlIl l.IlId all outer dialllctcr or (J()() 11 III I 

respectively. which both have the height 25()11111l was driven into the soil usillg a driving 

platc set on top of the infiltromcter and a heavy hallllller to sOllle heads so as to prevent 

thc blowout erfect around thc hottom of the cylinders. Water is pounded in the cylillders 

to some depths and at subsequent tillles, that is when the watcr Icvel has dropped ahout 

one-half of the depth of the cylinder, \vater should be added to rcturn the water slllf~lce to 

it initial point. The infiltration rate is lIleasured by noting the alllolint orwater added or hy 

the drop in head in the inner cylillder in a givcn timc. 

Jhc purpose or outer cylilldcr is to cfililinate to SOIiIC cxtellt the edge l'lIlTI (01 the 

surrounding drier soil and to prevcnt the water in the inncr cylinder fhllll spreadillg ovcr a 

large area aftcr pcnctrating thc bottom of the ring. 

In some cases, most later studies, ol1ly single inliltrometers were employcd (Fvan 

et. aI, 1(50). This was discovercd not to have any control on the lateral lIlovement or 

water li·OI11 the ring. In Illost studies, however, the double-ring (ShifT, I ()5J; Burgy and 

tuthin, 1956, 1957; Swartzendruber and Olson, 1%1) or lIIultiple rillg (Kohnke, I(n~) 

devices were used so that divergent now could he minimizcd hy mcans or area 

surrounding the central compartmcnt. 

Some automatic/self-recording ring infiitrometers have been developed by Pittman 

and Kohnke (1942) and Daniel (1952). This consisted of metal rings or squares having 

bhe same area as thc convcntional rain gauge (~inchcs diametL:r). The watcr applied was 
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recorded with the ram gauge recording device. Carhurctor floats were used to maintain 

uniform water level in hoth the inller and outer compartments. 

2.4.1. t Limitations of C~llindcr Intiltromctcr 

The process of placillg the ring device III to the soil causes S(lIlle senolls 

limitatiolls to cylinder inlitrolllctcrs. III driving the rillg illto the soil, some degree or 

distlllbance of the natural soilcOIHlitioll is caused, the resulting distulhalll'e is 11l;1I1ilCsled 

as shattering or compactioll which may bc caused hy large variation ill illliliratioll rates 

bct\veell replicated Illns. Another limitation is the soil-metal interl~lce which may cause 

unnatural seepage planes which results ill ahllollllally high illliitratioll ratL'S, ;\ lillther 

limitation to the use of the rings is the prohlel11 or ell trapping air ill the soil colullln: 

caused when a constant head of water is applied upon thc surface. {Jnder the saturated 

condition, the entrapped air may not be able to escape 11'0111 the soil which results ill the 

creation of internal air cushion alld in turn impedes dowllward movement or the water. 
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CIIAPTER TI-IREE 

l\IATI<:H.IALS ANI> l\IETIIOI)S 

J.l D('sniptiull uf ('xP(,I"il1l(,lItal Site. 

The I'"ederal I Jniversity 01 Technology PCIIIWllcnt site IS knowlI to have a lolal 

land mass of eighteen thousand nine hundred hectares (I X,900 IJa) which is located alollg 

kilomcter 10 Minna 13ida mild, S()llth - Last 01 I'vlinna ullder Ihe Boss() loell 

GO\crnlllent area of Niger State (\"ig. 3.1). It has a horse shoe shaped stretch or land, 

Iyillg approxilnatcly Oil IOllgitllde 01 ()()o 7.X' I,: ;IIHI latitllde or {)()Il 3')' N (S;llli. I ()<)C)). 

The site is bounded at Northwards hy the Western rail lille I"rolll I,agus to the 1I001helll 

. part of the country and the b.lslcrn side hy the Minna Hida road alld to the NOllh We."t 

by the Dagga hill and river Dagga (Sani. 1(99). 

The entire site is drained by rivers Gwakodna, Wel1linate, (iralllhuKu, I,eghedna. 

Tora and their tributaries. They arc all seasonal rivers and the most promillent alllong 

them is the ri vcr Dagga. The ll10st prollli nent 0 r the fCatllles arc ri vcr I )agga. (iarat II iIi II 

and Dan Zaria dam. 

3.1.1 Soils of the area. 

The major soil fOllnd in this area is the sandy 10al11 type with a sparse distinction 

or the sandy clay soil and sandy soils. This has so lill cncouraged the residenls or Millna 

mctropolis and neighboming viJlager to use thc land for agricultural activities such as 

faiming and grazing by the nomadic cattle rearers (\':Zc,200()). 
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J.1.2. V('gdalion And Land list'. 

Minna {~t1ls within the semi wood land or tree forest vegetation helt with derived 

dry grass or shrub land known as the sout hem gu i Ilea sa\'(lnnah (Fubma, I <)R(l). Th i sis 

also known as the tl ansition helt, which lies hetween the savallllah grass/shruh lalld of the 

north and the raill {(Jrest of the south. Due to intellsi\'C {~t1low type or agricultural practice 

and gra7.ing or the land, the area is dominated by stullted shrubs; interspersed with 

moderate height tree alld perenllial foliage (Sani, I <)()(). Similarly, due to humall activities 

and land usc abuse which is a characteristic or most expanding urban ccntre ill Nigeria, 

the site is rast loosi ng its rcmai n i IIg tree species to development. A long some ri vcr course 

and 100vland areas, the vegetation is more wuoded and rescmbles some finest artillities 

(Sani, 1999). The area is still being used as l~trIn and grazing land by the residellts or 

Minna and her environs. 

3.1.3 Climate 

3.1.3.1 Rainfall 

Minna, generally is known to cxpericnce rainlidl (,'0111 the month or May to the 

month of October and on rear occasions, to November. It is known to reach its peak 

between the months of July and August. Towards the elld or the rainfall season, around 

October, it is known to be accompanied hy great thunder storms (Sani, I <)()<). 

3.1.3.2 Temperature 

The maximum temperature period III this area is usually betwecn the munths or 

February, March and April which gives an average l11inimum telllperature record or :nl)(, 

and a maximum temperature of 35°(' (Minna Airport Metrological Center, 20(0). During 

the rainfall periods, the teillperaturc within the area drops to ahout 2(/'( '. 
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3'.1 Arca of study 

The area or study is lIsing infiltration rales to ddelillille soil hydrological group on 

the pcrmancnt site 1;1rI1l or the Fcder;t1 {'niversity or Tcchnology, Minna, located alol1g 

the Minna-Bida highway, Nigcr State Nigeria. 

3.4 Dcscription of the c(luipmt'nt 

The inlillrometcr rings wcre rolled iron shed or 12-gauage steel and the diameters 

or the inner alld outer rillg werc 3()() 111111 and ()()()II1II1, lespeetively as suggested hy B;lIllhc 

(1995) and also hy Swartzelldruber and Osio (I % I). 'I hey both have a height or 2."i()11l1ll 

aild the bottom cllds of" the rillg WCIC sharpclled 1(11 casy pCllctratioll illto the soil. 

Each infiltrometcr was equipped w'ith a float consisting of a plastic rule placed 

pcrpendieularly to one filce of" the wooden block. This woodell hlock was paillted S() as t() 

prevent it lI'om soaking water as it floats on the water. The plastic meter rule was clamped 

to the inller sidc of"thc inncr rings; vvith another sharp edge wood placed ncar the rule to 

facilitate taking reading 110111 the rule. Figure 3.2 shows a typical inliltroll1eter ring. 
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.1.5 Site sc\edion 

It should be kept 111 mind that the areas surveyed were not large enough to be 

ref'crred to as soil series but soil unit because the survey was Illore or less a point 

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

I. lligh slope: These arc areas \\hich have hecn croded alld also have lheir horil'OllS 

exposed. 

II. Middle slope: These arc areas where depositioll or coarse and heavier materials 

start. 

Ill. I,ower slopes: This IS lIsually the f~ldallla area where deposition of clay silts 

materials stops. 

The various land management practices (cultivated, f~lllow, bush or bare) werc 

taken into consideration on each of the soil unit. Where it was observed that more than 

one management practice existed, all available types or land lISC SYSlcill wcre laken inlo 

consideration. 

3.6 Parameters cOllsidered 

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

these arc: 

1. Texture 

2. Org;'lJlic matter 

3. Fidd capacity 

4. Bulk density 

5. Land usc 

6. Soil profile 
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3.7 Infiltration 1Ill'~lSUl"CmCIlI 

The infiltrometer rings were placed randomly li"om each other and the 

muasurcmcnt were taken to the nearest centimeter. The rings were then driven into the 

ground by hammering a wooden bar placed diametrically on the rings to prevent any 

blowoul, effects around the hnlfOllls or the rings. III arcas where ridges alld fllrrows 

existed, the inner rillgs were alw<.Jys placed in lhe furrow. llavillg done lhat, a fIlat/jute 

sack was spread at lhe bottom or (he inner and outer compartments or each infillrorncter 

s6 as to minimize soil surface disturbance when water was poured into the cOlllpartlllents. 

In grass . covered areas, they were cut as low as possible with a clltlass so that the float 

could have free m()vement and care was taken not to "proot grass<.:~·;. hHlr (4) infillralioll 

measurements were conducted at each lucatioll or which an average was to be takcll latcr. 

Points or measurelllents were chosen based Oil the layoul in fig. 3.1 

Water li·olll jeri-callS "vas poured into the infiltrolllcter colllpartments 

simultaneously and as quickly as possible. As soon as the jeri calis were emptied, the 

water level from the inner cylinder was read /1·0111 the float (rule) and the local lill1<': was 

also noted. Repeated readings were taken at intervals or 0 minute, 1 minute, 2 minute, .5 

minutes, 10 minutes, IS minutes 20 minutes 30 millutes, 45 minutes, 60 minutes, 75 

minutes, 90 minutes, J 00 minutes and finally at 120 minutes. The cylinder compartment 

was refilled hom time to time whell the water level dropped hall" way. Tlt<.: waler levels al 

both compartments (inner and outer) were constantly kept equal hy adding water, as 

needed, into the outer compartment, which is 1~IStlT. SonIc time is aI/owed hefore starling 

another replicate. So that no two inliltrometer should require reading at the same time, 

each rep I icate was a flowed a t il1le durat iOIl. 

At each site, ten soil samples were taken using the 50111111 x 50111111 core sampler 

fi"OIll the surface layer (0-50cm) in the area olltsiue the outer rings. These were hulkcd 1(11 

the determination of the initial moisture content and bulk densities. 
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In grass coven;J areas, they were cut as low as possihle with a cutlass so tllat till: !loat 

eould have free l1lovement and care was taken not to uproot grasses. Four (4) infiltration 

11IeaSlIrenleilts Wl:rl: cOllducted a( each l()catiol1 ()/' which ,III average was (() he ("kell bIer. 

Points of measurements were chosen based on the layout in fig. 3.1 

Water fmlll .ILTI-GIIIS was pO(ll"ed illto thl: illfiltmillder cOl1lpartlllcllts 

simultaneously and as quickly as possible. As SOOIl as thl: jeri calls Wl:IT l:lllptied, the 

water kvel fro II I the illller cylinder was re:ld liolll the !l()at (llIic) :lIltl tlK local tillll: was 

also noted. Repealed readings were taken at illtl:rvals or () millute, I l1Iillute, 2 ll1inute, 5 

minutes, I () l1IillUlcs, 15 Illillutl:S 20 Illinutes :W millutcs, 45 millutes, ()() lllillll1l:s, 75 

minutes, <)0 millutes, 100 minutes and finally at 120 minutes. The cylinder cOlllpartnlellt 

was rclilled from time to time \v!Jen the water level dropped half way. The waleI' levels at 

both compartmellts (illller alld outer) were c()llstalltly kept equal hy addillg water, as 

needed, into the outer compartment, which is f~lster. S()lIIe tillle is allowed hcJiJ!l': S[;1I ting 

another replicate. So that no t\VO illfillrol1lctl:r should require readillg al tlte salllC tillie, 

each replicate was allowco a time durati()n. 

At caeh sitc, ten soil samples welc takcn usillg the 5(1111)) x SOllllll CUIC saillplcr 

from the surrace layer (O-50clll) in the area (Jutside the outer rillgs. These wcrc hulked fi)r 

the dctclmination of the initiall110istlllc content alld bulk dellsities. 
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(,IIAPTER FOUR 

RESULTS AND DISClJSSION 

4.1 Analysis of results 

Table 4.1 shows the initial soil moisture content or tested soils while ljblc 4.2 shows the 

various bulk densities of' the tested soils. Table 4.1, site lIon Fig 4.1 () shows a high IIIOi.')tlll'l: 

content of' O.O()20g, which may be due to the clayey naturl: oj' the soil alld its closl:llcSS to a 

stream. Site 3,5,6,7 and 8 closely rollows sile II in term or moislure cOlltellt prcsmt ill thl: al'l:a 

and this may be due to the clay nature or the soil around the area, l:xcept f'or sile 5, which has a 

dilTerenl soil charactcristic (loamy in nature). There is a higher corrl:latioll bL:l\\!eell lite 

cumulative infiltration :1 (CI11)} and tillle :t 1/2 (1IIins)} at Tabk 4.2 oj'si1c () which shows Ihal 

the wet bulk density is slightly higher than that of' the wct bulk dl:nsity or site 12 Oil 11ll: S;III1l: 

table which could be as a result or the type or soil available in the area. The bulk densities as 

presented, were taken f(>r both dry and wei soils. Table 4.2 shows (thl: bulk dellsity or Ihl: 

tested soils) that site () had the highest wet bulk density of' I.XJ g/cm \ which is dl:scrihl:d IIIHkr 

appendix A.2 as slightly plastic dark salldy clay. This was closely I(lilowed by site 12,X,4,15 

and 14 respectively. It can be observed that the value or wet bulk density was relatively higher 

than the dry bulk density. Similarly, Table 4.J shows the particle sii'e distrihution, which is 

based on the soil unit within the irrigation farm of the permanent site alld this also classified 

using the soil textural triangle. 'I hl: hori/on lkpth in 'I ahlt.: '1.3 was divided inlo Iwo ""'t'.es 

which arc 0-25cl11 and 25-50cm. The particle size was classified into the various soil using the 

soil textured triangle. The presence of organic maller at each of the range was ckarly 

represented also. Under Table 4.4, below, shows the percent count or R square valucs rrom the 

curve fillings j'rom which it could hl: ohserved that thl: Kosli;,kov's eqllation has the hl:sl Iii 

with 99.J 5%, for rallowed land and 98.79'% ()I culti vated land. Alt hough Ph iii pt 
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equation had a R square value or 5J.1 O'X, ror cultivated land and )).22'/~, Ii,,' f;t1lowed 

JamI, when compared with the R square value or Kostiakov's, it was fin lower, sillce 

Philips llIodel is linlited to swelling hOlllOgenous soils alld fi,r vertical flow while 

Kostiakov's equation has no lilllitatioll, it is also known to apply to the three-dinH:nsiollal 

I1mv (Serrano, 11)<)0). !\ closer look at Tahle L1.:i shows the average inflltratioll ralc 

(clll/llr) filr various lalld use practices while I ahle ,U, (!\ alld B) shows the average 

infiltratioll ralc (cllI/hl") fill' variolls land lise prarlircs dillillg the drv ;11)(1 wcl sca';oll. 

Table 4.() shows the average infiltratioll rate ror 12 weeks ill rallowed alld cultivated soils. 

SITE 

I 
2 
3. 

4 
5 
6 
7 
S 
9. 
10 
II 
12 
13 
14 
15 
16 

17 
IS 
19 
20 

21 
22 
23 
2cJ 

25 
26 
n 
2S 
29 
30 

TABLE 4.1 Initial Soil Moisture Contcnt Of The EXllerimental Site. 
(Dcpth Of Between IOcm - 50cm) 

\Veight of sample (g) Weight of oven-dry Moisture ccmh.'nt 
S311l1)le (g) 

161.48 158.n 0.0 In 
168.88 1(,5.28 0.0218 
I () 7.18 159.5(, (J.()47X 

178.67 171.19 0.0402 
166.83 159.02 0.0491 
ISI).XI IX2.7(, O.03X(, 
I (,6.()4 15(1.21 (J.()4X(, 

179.62 172.28 0.042(, 

IS7.11 161.22 0.03(,j 

167.97 161.04 0.0430 
160.52 153.97 0.()(,20 

ISO.05 176.98 0.01 n 
146.35 141.23 0.0362 
176.95 171.03 0.0346 
17R.OO 172.45 o.(J3n 
161.20 157.10 0.02(,1 

150.69 14S.00 0.0182 
149.66 144.IS 0.0380 
155.51 152.08 0.022(, 

155.47 150.54 0.0327 

158.26 151.81 0.02X5 
151.93 146.77 0.0352 
155.36 152.(' I 0.0 I XO 
15.".8." 1."2.'11 o.on(, 
167.12 162.68 0.0273 
160.78 157.67 0.0197 
155.56 153.36 0.0143 

159.114 156.25 o.on() 
1(,2.59 157.44 O.OJ27 

16S.99 1(,4.54 0.0.131 
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TABLE 4.2 Bulk Densities Of The Experimental Site (Depth Of Wcm - 50clll) 

SITE WET (g/CIII1) DRY (gh'm
1

) 

(BD) (BIl) 

I 1.()J4 1.5i~5 

2 1.709 1.5X I 

J. 1.()<)2 1.57ft 

4 1.793 \.()41 

5 1.597 1.517 

r) I.XJ I l.(lXX 

7 1/)39 1.)(lO 

X l.X I <) I />.')2 

9 1/)91 1. () I I 

10 1.720 1.()40 

II 1/)24 1.537 

12 I.X23 1.70() 

1J I.4XO 1.397 

14 I. 791 1 Jl90 

15 1.7<)2 1.715 

16 1 Jdl 1.538 

17 1.524 1.509 

_ 1 R 1.514 1.468 

19 1.573 1.548 

20 \.573 1.533 

21 \.(d I I.()OO 

22 1.547 1.515 

23 \.58\ 1.564 

24 1.5X() 1.552 

25 1.701 I JlX7 

26 1.637 1.()O5 

27 1.583 1.561 

28 1.627 1.591 

29 1.655 1.633 

30 1.710 1.075 
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'1';\ nLI~: 4.3 Particle Size Dis. rihlltiollS. 

Soil Ilorizon Pen'('nt P('IT('lIt "('I'cellt Oq~allic Soil 
( III it Ill'pth (fill) ( 'lay Silt Sand 1\1 a It ('I' ( 'iassifkatiull 

(g/Iq.~) using Soil 
Textural 
Tr-iulIglc 

I 0-25clll n 42 .:W 2.52 Loam Soi I 
25-5() elll .IS .\0 JS ,J)'; I ( 'by 1.();I1l1 Soil 

1 0-25C111 .1.1 .13 .H 2.110 ( 'lay I ,oalll ,~()il 
. 2S-50 CIll 24 J() 40 3.26 l~oal11 Soil 

.I 0-2Scm 42 4() IX 2.59 Sil1y {'lay Soil 
2S-50 CIII .IX .~X 2·l 2.)2 ('lay I ,oalll Soil 

4 0-2Sclll 45 .IS 20 1.40 { 'lay Soil 
2S-S0 cm 39 36 25 2.09 ('Iay I,oam Soil 

5 0-25cl11 32 24 44 3.0() ('lay I ,oalll Soil 
25·50 CIII 2() W .'i () l.tn I ,oa III So i I 

6 0-25cl11 21 34 45 2.27 I ,oalll Soil 
25-50 cm 21 36 43 2.0() Loam Soi I 

7 0-25cl11 35 .10 35 2. ()9 Clay I,oam Soil 
25-50 cm 33 .IX 21) 2.0() ('lay I,oam Soil 

8 0-25cl11 30 41 29 3.05 ( 'lay I,oam Soil 
25-50 cm 21 40 39 2.81 Clay Loam Soil 

l) 0-25clII 17 Jl) 44 3 .. 1() J ,oa III So i I 
25-50 Clll 19 V) 45 2.07 I,oalll Soil 

10 0-25cl11 31 39 30 2.81 Clay Loalll Soil 
25-50 cm 41 29 30 2.09 Clay Soil 

11 0-25cl11 32 4() 2X 2.52 ('lay J ,oalll Soil 
25-50 CII1 23 39 38 2.59 I,oam Soi I 

12 0-25cl11 19 41 40 3.05 I ~oall1 Soil 
25-50 em 28 33 39 2.98 Loam Soil 

13 0-25el11 19 41 40 2.30 I ,(Jam Sui I 
25-50 cm 19 4() 3S 2.29 I ,oalll Soil 

14 0-2Scl11 19 40 41 1.9R I,oam Soi I 

'. 25.S0 CIl1 29 4() 25 2.41 Loam Soi I 

IS 0-2Sclll 30 35 Yi 2.20 {'lay I ,oalll Soil 

25-50 CI11 39 30 31 I. 95 ( 'lay I ,oalll Soil 

16 0-25cm 22 40 3() 2.27 I ,Oall! Soil 

25-50 cm .II 35 34 2.0() ('lay I,oam Soil 

17 0-25clll 39 30 31 2.27 ('lay I ,oalll Soil 

2S-S0 CIl1 36 2X 3() I.S4 ('lay Loalll Soil 

18 0-2Sclll 39 30 31 2.0<) Clay loam Soil 
25-50 CII1 34 25 41 1.41 Clay Loam Soil 

19 0-25cm 40 .10 30 2.01 ('lay I,oam Soil 

25-50 cm 39 31 30 2.11 ('lay I ~oalll Soil 

20 0- 25el11 30 39 31 2.09 Clay I ,(lam Soil 

25-50 cm 30 30 40 1.<)8 ('lay Loam Soil 
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21 0-25cl11 22 40 36 2.03 Clay Loalll Soil 
25-50 CIll 17 41 42 1.41 Loam Soil 

22 0-25c111 29 39 32 2.52 Clay Loam Soil 
25-50 CI1I 17 3g 45 2.79 Loam Soil 

23. 0-25c111 19 41 ·to 2.XX Loam Soil 
25-50 cm 31 39 30 1.55 Clay Loam Soil 

24 0-25cl11 42 40 18 2.65 Silty Clay Soil 
25-50 CI1I 17 39 44 2.37 Nil 

25 0-25cm J() 3X 32 1.74 ('lay I ,oalll Soil 
25-50 elll 2(1 3,\ .10 2.'17 Nil 

26 0-25cl11 30 39 31 2.Ci I Clay I,oalll Soil 
25-50 CIll J() 28 - 3() 2.31 Clay I,oam Soil 

27 0-25clIl 14 4() 4() 2.()X I ,oalll Soil 
25-50 CIII 21 45 34 1.54 I ,Oill" Soil 

28 0-25cl11 20 45 35 2. ()9 I,oam Soil 
25-50 cm 36 2g 3() 1.41 Clay I,oalll Soil 

2<) 0-25cll1 43 27 30 2.42 Nil 
25-50 cm 40 30 30 2.0 I ('lay I ,oalll Soil 

30 0-25cl11 34 30 3Ci 2.41 ('lay I,oam Soil 
25-50 CI11 27 30 43 2.03 I,oam Soi I 

It was discovered, however, that the infiltratioll rate of cllitivated lalld whell 

compareu with the fallowed land was higher which lIIay hl' dlle to the l)leSl'llCe or 

undcrlying rocks covercd by sOllie layers of soils. Wherc this is present, it will IIol allow 

easy pcnetration or water. Anothcr reason lIIay also be lhat the area under fallow llIay 

have a high water table. For cxample, il was observed frolll Table 4.5A (ill the lIIolllh 

of April at week 0) the average final infiltration ratc /{)J" l'ultivateu land is 35.54 cllI/llI", 

\vith a cumulativc watcr intake or 70.32(;m at the end orlhc infiltratioJJ while 
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Tllhll- 4.4: '1'11(' R s(luan' values fill' lilt., ll1n'e IIwdds used. 

% or R SlJuan: greater than IlortO/l's 

0.50 Nil 

Nil 

Nil 
1-------------------- .~--.---. 

75.KK 0.70 

(cultivated land) 

75,()<) 

(fallowed land) 

0.80 Nil 

0.90 Nil 

Nil 

Philip's 

suo 
(cultivatcd lalld) 

55.22 

(1~t1lowed land) 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Kostiakov's 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

(Cultivated land) 

99.35 

Wallowed land 
------.------~- ~------- -_._--_.- ----------_.,,-_ .. _.---- -- - . 

for the fallowed land had a final infiltration rate of 15.23clll/hr and a cUllIulative wetter 

intake rate of 30.47CI11. This differellce llIay be due to the presellce of hard rock 

underlay or the \vater table been ncar the earth Surf~lCC. In the month of May, the 

cultivated land bad an infiltration rate of 32.28cl11/hr, and cumulative water intake rate of 

G4.57cl11 while the infiltration rate for the fallowed land was 11.30cl11/hr alld the 

qlll1ulative water intake rate was 22'()Oclll; a reduction in the water intake rate could 

b~ observed between the 1110nth of April and May which /llay be due to the two day raill 

during that month. In the month of JUlle, a further reductioll was observed In the 

cultivated land, an infiltration rate of 24.37cm/hr and a cUlllulative water intake rate of 

48.74cl11 was observed respectively. Thcre was further reduction in soil-water intake rate 

in month of .July, for the cultivated land the infiltration rate was 17.12el11/hr and 

cumulative water intake rate was 34.24cl1l while for the Ii.lllowed land the illliltratioll rate 
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Table 4.5: Average Infiltration Rate (Cm/llr) For Various Land Use Practice. 
(A) 
Time (min) APRIL 

FALLOWED LAND C{]LTIVATI<~J) LAND 

ClIlll. Water Infiltr;lfion ("lIlll Water Infiltratioll rate 

Intake (em) ra Ie (em/hI") Intake (el1l) (ull/ill ) 

() - - - -

I o.n 44. ()O 1.17 70.()O 

2 1.32 39.50 2.1 X ()5.S!) 

S 2.()S 31.3() 4.73 S(dlX 

10 4.43 2().()O X .. IS 50.10 

15 5.9X n.()] 11.25 't5.00 

20 7.2X 21.X5 14.72 44.()5 
-

30 10.02 20.m 21.27 42.4() 

45 13.78 1 X.3X 30.m 40.05 

60 17.55 17.55 3X.93 3X.94 

75 21.00 16.08 47.08 37.()7 

90 24.57 16.38 55.82 37.21 

100 26.48 15.89 ()O.I X 3().IO 

120 ]0.4 7 15.23 7().J2 1').5 /1 

(B) 
Time (min) MAY 

FALI.OWED LAND CULTIVATED LAND 
Cum. Water Infi hration Cum Water Infiltration rate 
Intake (em) rate (cm/hr) Intake (cm) ( cl11/hr) 

0 - - - -

1 0.90 54.00 I.4X X().OO 

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'()O 

15 5.45 21.80 12.20 48.80 

20 6.58 19.75 15.72 47.15 
30. 8.27 IG.53 21.G2 43.23 
45 11.33 15.11 27.93 39.91 

60 13.67 13.67 37.1)0 37.90 

75 51.75 12.60 44.92 35.93 

90 18.08 12.06 52.13 34.76 

100 11).70 11.82 5(>.52 33.88 

120 22.60 11.30 64.57 32.28 
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(C) 
Tilll\,; (mill) .JUNE 

-
FAI J ,OWED L;\NI) ( 'ULTIVATEJ) LAND --- --------

( 'IIIIL Wal\,;!" III Ii I I r;11 i()p ( '11111 WallT Illfillrali(lll I:lfl" 
Illtake (elll) Idte (clll/hr\ _. __ 111 'ake (elll) .. --(~:~-

() - - - -
'---- -- -------- ---------

I . OJ) I .\().75 O.Sf, ) 1.75 -_.- '---_._-_._- --------
2 1.1 I :U .. IX I.S5 tlf\.~)() - -- --------- .---~~~------

5 2.25 27 .00 .1 .3.1 y) . .\() 
-' --------- - -- -----------

10 3.<).1 23.):) 5.()'! YiJl.\ - --" -- --------.--
IS 5 . .')X n.JO X.1. \ .\2.,') I -------- -_ •. _---_._- .-.-~--~- --_._-
2() 7.1 () 21.~() I (J.( '·1 .W. I I --- --- -------- ----
30 10. J I~ 20.2X 1/1.·14 n.sx - .- .... ._-------
45 IJ.n In~5 20.m 27.5X ------r-----·---- ----------_. 
(;0 17.5\ 17.23 H1.75 2().7.') --- -_._-----. - -------~.-------

75 21.0() I()XI .l2.n 2().22 --. .- ----_ .. _ .. ,_.-- ----.. ---
90 24.X~ I ().5t) 3X.54 25.()() .. -- ... _----
100 27.14 l(dX 112.2X 25.:n - -. "-_._-------. 
120 J I. 7() 15.XO 4.'1.74 24.37 ._'---._-----

tL>j .. ._----_._-
lime (mill) JULY -._-----.-

FALLOWED LAND CULTIVAI ED LAND ---
Cum. Water III f'i It ratioll (\1111 W uteI' Inflltratioll ra Ie 

i---' 
Inlake \ cl1~L_ __ rute ~_!2y'hr) __ Inud,,:.: (el~ -_._- -_.- ( ull/llll_ 

(J - _. - -
- ---

I ()'~2 4<J.2() O. <)() 57.W 
-.: '"_. 
2 1.32 40.S0 I.(A 4( . .1.20 

-
5 2.()8 32.1 () J .30 ,1<) .. ')4 

10 4.5<] 27.54 5.54 :U.24 ---
15 6.20 24.80 7.74 2().72 _. 
20 8.24 22.82 <).07 27.54 

., -
30 10.05 20.05 I 1. <J I 23.X2 

45 13.3g 17.86 16.52 22.03 

60 I ().3!) 16.39 20'()2 20.71 - 1------------ ... _------
75 19.85 I S.~~ 21\.07 I ().7.() .- ----- ----.-~ 

<]() 2.LOI 15.3:~ 27.75 1.'1.50 -------
100 24.79 14.8"1 30.2J 18.14 

-1 J/L24 ~ 
._-

120 28 . .\ I 14.1 () 17.12 - -



Time {min) 

0 

I 

2 '. 

5 

10 

15 
20 

30 

45 

60 

75. 

90 

100 

120 

Ti me (111 in) 

0 

1 

2 

5 

10 

15 
20 

30 

45 

60 
75 
90 

100 

120 

Table 4.6a: Average Infiltmtion Rate (Cm/lh') For The Dry 
Season For Various Land Use Practice · 
DRY SI~ASON 

FALLOWED LAND ClJLTIV ATED LAND 
Cum. Water Infiltration Cum Water Inliltratioll rate 
Intake (em) rate (elll/hr) Intake (em2 (em/h r) 

- - - -

(UQ 4l).O() 1.33 7l).50 
1.42 42.50 2.3~ 71.50 
2oC)5 31.5~ 4.l)4 58.58 
4.30 25.:'.;0 8.5() :') I.Y:; 

5.72 22.87 11.73 4(). l)() 

G. <) J 20.80 15.22 45.<)0 

9.15 18.18 21.45 42.8() 

12.5() I ().75 n.l)8 Y).98 

15.61 15.61 38.42 38.42 
3(1.38 14.34 4(dJO 3(dW 

21.33 14.22 53.98 35. (Jl) 

23.0<) LU5(, 58.35 .11. ()() 

26.54 13.27 67.45 33.91 

Table 4.6b: Average Infiltration Rate (Cm/IIr) For The 'Vet 
Seaons For Val"ious Land Use Pmctice. 
WET SEASON 

FALLOWED LAND ClJLTIV ATI(D LAND 

Cum. Water In Ii Itratioll CUIll Water Inliltration rate 
Intake (em) rate (cm/hr) Intake (cm) ( cm/hr) 

- - - -

0.72 42.98 0.91 54.()8 

1.22 37.09 1.60 47.85 

4.93 2().58 3.32 3(J.42 

4.2() 25.55 5.74 3'1.111 
5.89 23.55 7.<)4 31.12 

7.85 22.1() 9.5() 2~UU 

10.10 20.17 13.18 2(d~ 

13.56 17.86 18.61 24.81 

16.96 16.81 23.69 23.73 

20A7 1 (d() 18.43 22.74 

n.9) 15.9(J 33.15 22.1 () 

25.<)7 15.63 J6.26 21.74 

30.04 15.02 41.49 20.75 
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was 14.12cm/hr alld the elllllulative watlT illtake was 2X.:I !clll. These reductiolls sigllifies 

the intense rate or rain fall durillg those llIollths (April alld May) \vhich the lest was 

carried out. 

Table 4.()A shows the average in riitration rate (cm/hr) Ii)!' the dry seasolls ror the 

\·mious land usc practiccs which show that the cultivaled land, the inriltration rate Vias 

33.91cm/hr while the cumulative intake waler was ()7.4.'iclll. Thc fallowed lalld the 

infiltration rate was 13.27c/11/hr amI the cumulative water intake ratc had a staggering 

figure hecause at the 75 1h minutes, the intake rate illcreased to 3().3Xclll and at the <)Olh 

minutes, it dropped to 21.33cl11 from were it increased gradually to 2().54clll at the 120lh 

.. minutes. Table 4.M3 shows the average infiltration rate (cm/hr) fi:>r the wet seasoll fill· 

various land use practice which shows that infiltration rate fiJr the cultivated land was 

20.75cm/hr while the eUlllulative water illtake was 41.49cm and the fallowed land, the 

infiltration rate was 15.02em/hr and the cumulative water intake was 30.04clll. When the 

data obtained limn the dry and wet seasons were compared, the values or wet seasons 

were known to have a higher water intake rate. On the average, as seen on Table 4.7, the 

. infiltration rate for cultivated land was 27.33c/11/hr and the eUl11ulative water intake was 

54.47cm while for the fallowed the infiltration rate was 14.14cm/hr and the cumulative 

water intake was 28.29cl11. It was observed, thereii)f"e, that on the average there was a 

higher water intake rate in the cultivated land when compared with the f~t1lowed land 

which could possible be due to rocky underlay or hard capping existing in the fallowed 

area. 
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Table 4.7: Average Infiltratioll Rate (On/llr) For 12 Weeks For 
The Various Land Usc Practice . 

Time (min) .JULY 

FALLOWED LAND CULTIVATED LAND 
('UIIl. WaleI' Infiltration ( 'UIIl WalL'r Illfiltlatioll late 
Intake (Clll) rate (cm/hr) Intake (cm) ( cJII/hr) 

0 - - - -

I 0.77 45.99 1.12 67.09 
2 1.32 .39.80 I.I)\) SI).()X 

5 2.5() 30.58 4.13 4()'S I 

10 4.n 25.67 1.15 42.89 
15 - 5.80 13.21 9)U Y).O I 

20 7.3 1) 21.48 12.Y) 37.3() 

30 9.1() 19.22 17.31 34.<>1 

45 13.06 17.30 23.79 32.39 
(10 1(>.29 1 ().2 1 31.0S 31.08 

75 19.42 15.53 37.21 21).n 

90 22.(14 15.10 43.S(i 29.04 

100 24.53 14.74 47.30 28 . .36 

120 28.29 14.14 54.47 27.33 

hgures 4.1 ami 4.2 shows the graphs of" average rate {I(cm/llr): against elapsed 

time It (mins») for cultivated ami f~dlowcd land respcctively, whik ligure 4 . .1 and 4.4 

shows the graph of cumulative infiltration P (cm)f against elapsed time : t (mins)) I"or 

cultivated and fallowed land practices respectively. /<igllJcs 4.5 alld lUI shows the graph 

of Log (Ic - 10) against time It (mills)l lIsing I1ortoll's equation fiJr cultivated alld 

fallowed land practices, when thesc graphs were compared with the graphs ohtained 11"0111 

the calculated ligures using the estimated soil parameter on Table 4.7, a little deviation 

\Vas observed indicating lower values of ohserved data wllell compared with the values 

obtained from the calculated data. Figures 4.7 and 4.8 shows the graph of cUll1ulative 

inliltration : I (cm): against elapsed time It 1/2 (mins): using Philips equation f<lI" 

cultivated and fallowed land practices. When this graph \vas compared with the graphs of 

the calculated data, a greater deviation was obscrvcd. Also on comparing the values used 

to plot Horton's equation a grcater diffcrence was observcd between them. The graph of 

inliltration II (cm)1 against elapsed time It (millS): using Kostiakov's equatioll IiI I" 



cultivated and Ldlowcd lalld practiccs as sllown ill ligurcs ILl) alld ILl () rL'sIK'Clivcly. ·1 he 

graphs of the observed data whcn compared with that of the calculated data had a 

negligible difference. ('olllparillg the graphs of Philip, Ilortoll alld Kosliakav() 's a grcater 

degree of accuracy was shown in terllls or parameter that hest describe Ihe soil propel lies 

of the irrigation larm of the Federal lilliversity of Techllology Mililla I'erlllallciit Sitc. 

Figs. 4.11 and 4.12 shows the graphs of illfiltration rate 1 I (cm/hr)} against elapsed lime 

: t (mins): for fallowed and cultivated lalld durillg the dry scasoll while I:igs. 4.1 J and 

4.14 shows the graphs of infiltration rate 1 I(cm/hr): agaillst clapsed tillle 1t (lIIins): 'ill· 

fallowed and cultivated land during the wel scason. 

The graph of Fig. 4.15 abovc shows the best fit linc fur the graph of inliltratioll 

rate· p(cl11/hr)} agaillst elapsed tillle 1t(mins.)} for 12weeks during which the illliltl£ltion 

rate test was carried out in the irrigation farm of the Federal University of Technology 

Minna, Niger State, Nigeria. The \{ square value for 12weeks is X9.9% !ill· the whole I;lrm 

site while the equation that best describe this area is givell in form of Y ce, MX I (' as '{

O.4XXX I x I 1.2192; where 

M = slope == 0.4881 

C = intercept ,== 1.2192 

X = variable {actor =time 

Fig. 4.16 shows the best lit line for the cumulative inliltratioll {i(cllJ)} against elapsed 

time {t(mins.)} for 12 weeks during which the rate of inliltration of water into the soil 

\vas carried out for the sallie site; the irrigation 1~1I1ll site of the Federal lilliversity of 

Technology, Minna, Niger State, Nigeria. The R square (\{2) value was 84.99%) which is 

slightly 100ver when compared with that obtained in Fig. 4.15 helow. 
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Fig.4.1 Average infiltration rate p(cm/hr)} against elapsed time {t(mins)1 li)r 
cultivated Land (for 12 weeks) 
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Fig .4.2 Average infiltration rates l I (cm/hr)] against elapsed 
time It( mi ns.)} lur fallowed land (for 12 weeks). 
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Fig. 4.3 Cumulative inliltration li(cm)} against elapsed time It(lIIills.)} filr 
1~!llo\Ved land (for 12 weeks). 
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Fig. 4.4 Cumulative inliltration li(cm)} against elapsed time {t(mills)} for 
cultivated land (/()r 12weeks). 

39 



2 

..... 1.5 -E 
() 1 -....... 
t: 
0 0.5 ... ro 
~ 0 ... 

..... 150 t: -0.5 

-1 

Time[t(m ins)] 

FigA.5 Log(Ic-1o)against elupscd time (t(mins.)l using I lorton's equation I()r 

cultivated land. 
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FigA.G Log(lc-l(l) against elapsed time {t(mills.): lIsillg I lorton's equation for 

fallowed land. 
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Fig. 4.7 Cumulative infiltratiollli(cm)l agaillst elapsed timelt /!7(llIills.): using 
Philip's equatioll {In' cultivated land. 
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Fig. 4.8 CUllIulative infiltration U(cm)f agaillst clapsed time lC '12(lllins.)l using 
Philip's equation f"l)[ fallowed land. 
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FigA.9 Infiltration {i(cm)} against elapsed time {t(mins.)} using Kostiakov's equation ror 

fallowed land. 
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FigA.IO Infiltration {i(cl11)} against elapsed time {t(mins.)} using Kostiakov's 

equation for cultivated land. 
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FigA.ll Infiltration rate p(cm/hr )}agaillst elapsed time {t(lIliIlS.)} for fallowed 
lallo during the \vct season. 
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Fig. 4.12 Infiltration rate {I(em/hr)} against elapscd timc {t(mins)) for cultivated land 
during the wet seasoll. 
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Fig.4,13 Infiltration rate /I(cm/hr)f against elapsed time :l(mins.)} f(lI' j;dlowcd land dming 
the dry season. 
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FigA.14 Infiltration rate {I(em/hr)} against elapsed time {t(mins.)} for cultivated land 
during the dry season. 
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An equation in the fi>rlll or Y ~. MX 1(' was also obtailled, which is givell as 

Y· 0.50<)4\ 9.04 J I; \vhere 

( '- i IItLTCept - . ().f)4 3 I 

X val iahle f~,ctor tillie 

From the above two equations it can observed that value f(lr the illtercept obtaillcd 

fiJr figure 4.15 was positive while that filr figure 4.1 (l was lIegative which lnay due to thl' 

fact that water was being emitted/given ofT fimn the soil durillg the raillY seasoll. 

The graphs filr the various infiltratiol\ rates carried out all: showlI ill Appclldix ('. 

These graphs were obtailled uSlllg the data In Appendix B f()r the vallous lalld 

management practice. It was discovered that the curve fillillg graphs drawlI ulltkr 

cultivated land showed similar shapes while those or the f~"I()\Ved land were dil'lcrelll 

which Illay he due to the nature or the soil, the ullderlay and orgallic matter presellt ill the 

area. Though, the conditiolls of operation were differellt, the results obtailled eOlllparul 

with Ahmed and J)uru (1I)X2) alld that of" I':;'e (2000) ullder similar cOllditiolls the resull 

were found to be almost the same. 

4.2 Pn~dicting Infiltration Ratc 

Curve fitting was carried out as explained in sectioll 3.5 alld the chi· 

square/regression and least square methods \vere used to caleulate the exccpted 

inf)ltration rate data for the three equation as shown in Table 4.X to 4.1 J fiJr the various 

land management practice and various seasons (that is the \vct and dry season). The curve 

fitting methods gave an almost same figure for a given parameter in the equations 

considered when the calculated data was comparcd with the observed data. 1'01" exaillple, 

when the observed data filr the cumulative infiltration is compared to the calculated date 

for the cumulative infiltration under Kostiakov's Illodel (Tahle 4.X), it shows a Ilegligihle 
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di ffcrencc between the calculated and the observed data, which makes the Illodel more 

closer ill predicting in/illratioll rate whell compared 10 Ihose or Philip alld Ilorlon's. II is 

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

all cases testell which means that Kostiakov's ll1odel/equation adequately describes the 

field experimental data predict the infiltration rates or soils within the irrigatioll f~lIm or 

the petmanellt site of the I;ederal lJlliversily of Technology Militia, usillg the availahle 

information's on Tables 4.8 to 4.1 J. It was observed that the figures obtained filr the 

calculated cumulative illfiltration was negative under the Kostiakov's equation as showll 

in Tables 4.12 and 4.13. This could be due to the bct that water was been given of.,. 

during the rainy season and also a clear indiealion Ihal waleI' is nol tUfllired dmitlg Ihe 

rainy season 011 the farm, instead water is given off which in turn accounts /()r the /~Idatlla 

nature () f some parts of the farm. 

Table 4.8: Determination Of Goodness Of Fit Of Knstiaknv's Philip's And IIm-tnn's 
Infiltration Models Using Chi-S(luare Test For Cultivated Soils On The Permancnt 
Site. 

------
KOSTlAKOY'S MODEL 

Observed Calcul;t;;d (O-E)'IE 
(0) i (cm) ~~ 

- - ---------- --"- ------
1.12 1.12 0.0000 --. --- ~--- --- -- - ---- -,.---- -- . _._---_._-- ----

I.<J() 1.()4 0.00129 
------------ ------ ------ ----.-----

- 4.13 4.06 0.00121 
--- ------ -"---- ----" -- -'--~- ---

7015 7.13 0.00006 
9.83 9.93 ()'00101 

-------
12.39 12.S6 0.00230 
17.31 17.S0 0.00206 
23.79 24.39 0.01460 

---------------- ~------ .. ----
PHILIP'S MODEL HORTON'S MODEl, 

Observed Calculated 
(E) i (CIII) r-((!li~l -------

- -
-- - - --- - --

67.()9 48.38 
-- - _._-" --- - -- -- ----'- -

5()'61\ 41.78 
- - --- _._---- ---- .--~-------- - - -~ 

49.51 _15.<J0 
42.89 32.95 

_ .. _"- .~-----------

___ 39.0L 31.M ----_._----
37.% 30.8() 
----~-~----~ 

34.61 2<J.93 
32.39 29.17 

-

7.236 
7.()()() 

).IW 
2. <J(J<J 
1.717 

67.0<J 
-

)<) .<)X 

49 . .51 
42.X<) 
39.0 I 
-._- - -

(d.70 
-

4).52 
.HW 
JO.7') 
29.7) 

0.1 XO 
iliIO) 
().42) 
4.)XX 
2.XX2 

1.]6<) 37.36 29.14 2.31() 
------ -- --_.---- --- --_.----- -- ._-"-

0.732 34.61 lX.54 1.291 
- .. -._--- -.- -. - --- ----_. 

O.:\S5 32.39 28.14 O.M2 
f--- ------~ ----- ------_.- ---"--~-- - ~---- _. --- ---- - --- ._-" 

60 31.0S 30.88 0.00094 
75 37.21 37.07 0.00005 

--
90 43.56 43.0S (l.O0604 

---- .-- ---------

~~f--- 47.30 46.93 0.00292 
---- ---------

120 54.47 54 . .50 0.00002 1--. __________________ 

Total Xl = O.O:US 

31.08 28.72 
29.77 2R.42 

---"---------- - ------. -
29.04 28.19 

-------~---- f-..------------
28.36 28.07 r------------ -----.-
27.33 27.X7 

- --.- - -- --

X!= 
-----------~------ ---.. - ----

47 

0.194 31.08 27.94 
-~-- ----- ----~-------

O.J).\ 
O.IJX 
O.O()2 
O.OI() 

0.064 29.77 
O.02() 29.04 
-------. "--"--_.- -----
0.003 28.36 
0.0\0 2R.YI 

27.5.14 

27.XI 
27.73 
27.(17 
- -

27Jd 0.0033 
X! c 2.1 .. 1114.1 
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TIME 
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10 
------

15 
- ---._-----

20 
- - -------

.10 
--------

45 
---- --------

60 
------

75 

Tahle 4.9: UeterminalicHI Of Goodness Of Fit Of Kostialwv's, I)hilip's And lIortoll's 
Infiltration Models Using Chi-Square Test For Fal\cHvcd Soils 0 .. The 0 .. Th(' 
Permanent Site. 

KOSTIAKOV'S MODEL 
------------------------ ------- -------- ---- - -- .. ------- --
PIIILII"S MODEL HORTON'S MODEL 

-------- ----~-.- ------ !-- ---"---- ----- - ----------_.- -«(I_":)i -Observed Calculatcd (O-E) Observed Calculated (O-E) Observed Calculated 
(O)i(em) (E) i (elll) IE (II) i(em) (E) i (fin) IE (0) i (em) (E) i (nil) IE 

- - - - .-

o.n 0_7R O.O()OI3 4.'i.')') 30.51 711."14 ,1."1 I)') 11.Xil () I () '> -------- ---- - .- -

1_32 I. 2') 0.00069 39.XO 2'>.17 X.'>O·1 YU\O 2X.')') 4.10 I --
2.S() 2.55 O.(}0(J4 30 . .'iX 20.4 2 .'i.OS.'i IO'iX 20.0X 'i.'1 ') I 

-- -- -- --" -" --- ----
"1_2X 410 O.O()()(}') 2 'd) 7 I X .0_1 _12.17 2.'i.67 17.11 12X 

--c----5-.~O 
----- --- --- -_ .. -. --

5.X4 0.00027 13.21 1(>.'>7 2.2X7 2.1.21 1(>.22 .1.11 X ------ -----" -._- - - --- - -----.- "--- .. 

7.]9 7.2() 0.002-' ] 21AX l(d4 I .h I 7 21.4X I S.()2 2.1 ')X ------------- - ---- ----- - ------- ______ - __ " ___ 0. -- - --- --
') J) I ().X(, (J.()()634 19.22 I S.5') XAS2 I ')n I "III I .10(, -_.------ - ---

1.I.O() 1.1.41 o . {)()9 \.I Ino 14.'lX (U5') 17.10 14.XO OA22 -_.---- -"-- ------- ------------ .. --- - --------. ------

1().29 I (L<>X 0.00912 I ().21 14.()2 (J.I7.I I ().21 11.(,.1 0.171 
~-.-~ .. --- ----- -----._---- -- ---_._------- ." - -

19.42 1').75 0.00551 15.5.1 14.:17 0.0')4 1.'1.'1.1 14.54 O.()(,7'1 -------- -- ._---- --~ - -_._- ---"--- ---. --_ .. -

')0 22.64 22'<) X O. {)OO{)7 15.10 1,1.1 X O_OIJO I (i. I 0 1'1.'17 0.027,1 -------- ---------- -_ .. -----. ---- -------- .. ----
100 24.53 24.57 OJ)O()07 14.74 14.0R 0.0.1 I 14.74 14.44 O.(){)()2 

".--- -'- - -
120 lX.29 2X.22 O. ()(JO I 7 14.14 1.1 .').1 0.00_12 11_14 I'Ll') ()()(JiI I 

- - -- -_.- .. ! - -
Tlltal 

TIME 

Min 

0 
1 
2 

X ~'II.IIJ.195 X .'7.726 X· 21.11.'1) ---- ---. ----------- -----_._--

Table 4.10: Dcterminatioll Of Goodncss Of Fit Of I(ostiakov's, Philip's And 
Horton's Infiltration J\1odels Using Chi-S(lual"e Test FOI· Cultivated Soils In The Ilt"y 
Seasons On The Permanent Site. 

-------- ----------
KOSTIAKOV'S 1\I0DEL PHILIP' S I\IODEL IIOH.TON'S MOOEL 

Observed Calculated (O_E)l Observe! J 
) 

Calculatrd- (O-E"r/E 
(E) i (em) 

---r----- ------··i--
Observed Calculatrd (O-E) 

(0) i (em) (E) i (em) IE 
--

- - ---
1.33 US 0.0003 
2.38 2.32 0.0016 

_~OlJJelll 

---
79.5 
71.5 

o 
o 

14.419 
13.440 

(0) i (rill) (E) i (em) IE 

--
293.7469 79.50 79.40 0.00010 

t-----

250.8157 71 . .'iO 7'>.] I 0.7(>'>1 
.-- -------- - - ----- - . ---- "- ---------- ------- ------- ---- ----.-

5 4.')4 iJ.X7 0.0010 
f--- ---- ~-- ---- --- _._-- ----

10 8.56 R'()O 0.0002 
-----f---------- --._---- --- ---------

IS 11.7.1 12.02 0.0070 
--- f----------- ----_._-

20 IS.22 15.25 0.00006 
-.------- ------------ --.- ----- ----~ --------_.-

]0 21.45 21.]5 0.00047 
f- ----

45 28.98 29.89 0.0277 
- -----

60 38.42 37.97 0.00533 
75 46.00 45.72 0.00171 
90 5J.<JS 5-'.21 0.0111 

---- ------- -- --_. --- -- -- ----------
100 5R . .I5 5S'()9 0.00116 

- - ----- - - -- --- - --- --.------
120 ()"/ .. \:) <> !.(,I O. ()()O.I X 

------- -- -- -Xl ~O:<i5(,3· Tlltal 
---

5R.'i 
51.3 

5 
5 

12.571 
12.13.1 

I MUR<)R 

126.7595 
- -- - _." --- -- -- - _ .. - -

'i8.5X 
51 .. 1."1 
iJ(>.')O 
45.')0 

79.00 
1855 
n.W) 

77.<)0 
4().') o 11.93') 102.37<>4 

---------- - ----- -------.-
45.9 o 11.X24 9X.2048 

--".- -------
42.R () lU)8() X.I.i()09 42.X() 7(1.72 

--------- ---------- --~-- .. -- --- --,--

39.9 S 11.574 69.71()7 ]').9X 75.39 
----- --------- .. ---------- ------- - --- -

38.4 2 11.508 62.9349 .I8A2 74.10 
- -------"- ----------- ---------- -------- ---

'i.27X2 
').41 X! 
O.(HHh 

12.94% 
I 4. l)tl y) 
I ()_(d I 8 

17.1 X03 
36.8( 11.462 50.0124 .I().SO 72.84 17.R1.1') 

j----------~ ---- - --------------- ---- -- -- ------
.I5.9( J 11.428 52.7907 35.99 71.()S 17.7479 

---- --"- --"-
__ _ ____________ " __ " _____ _ • _____ u _ __ ___ _ __ _ ___ ._ ___ _ _ __ 

]4.9' 9 11.410 4X.nO() 34.')!) 70.8() IX.IS77 
-- _--_-0--- " _________ . ____ . ____ . __________ 0 _______________ _ 

_n.'ll IUXI ,\·1.'i%XI\_')1 (,').liJ IX.lo,n 
Xl = 145X.23(,\ )(1 = 149.11171 

.-----.~--.-
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Tahle 4.11: \)etl'nnilUlticm Of Goodness Of Fit Of I(ostiakov's, Philip's And 
Horton's Infiltnltion Modl'ls Using Chi-Square Tl'st For Fallowc.~d Soils In The Dry 
Seasons On The Permanent Farm. 

~'-.--- ------------- .. ~- --_. __ ... _ ... _--

TIME KOSTlAKO\"S MODEL l'III1.11"S MODEL 1I0RTON'S MODEL 

-~I~ O\'sened C;'I~~~;rt~'d- ~«)_E)r- -()I)~~:I"\'~~I- -(;;;k:;.r;i~;I- --(0--1.:)2- ()i)~~-~r~~d (;ai(:-lIi:~I(:(1 (O-E)'/I': 

f--_----l-~~Ill ~!~2JJ.~!!L _i~~ _JQUJ£!.lllE) i (e'.!!L ___ JE _ ._(OlJJen!)_ (I<:) i (011) 

0 
- -------.- ---~- ---~--- ---~- -_._-- ---- --._-- -

1 O.S2 O.74()9 O.l)()Cl() 4().OO 5.702 '\2X.7X2 49.00 IIX.XX 0.000.\ .0_-_- ----- .. .. - - ----
2 10.42 1.2()7() O.(J I X'\ 42.5(J 5.271 2()2.')4X 42.50 4X.7() O.X04 

" l.()S 2,,'>Sh') 0.00.\·1 .II.SX ·I.XXX I Vi.!.') X .\ I.CiX ,IX·]) .'),X" / --~ -------- ._-------- --- --- -_._----".---" ~ .. .._-- ."------- --

10 4 .. ,0 4 .. ,6 I () 0.0009 25.RO 4J)()5 94.X71 25.XO 47.X'1 IO.ICi4 
15 '. 5.72 5.%59 ().O I 0 I 22.X7 4.()O() 72 . .1."1 nK' 4721 12.S').') .. - I· 
20 () (),\ 7..1S22 O.O.\()() 20.S0 ·15S') YI.XSl 20.XO ,1<1.l ) I'I..IXO ----.-- ----- -.. ------ - .- -- - -----
J() () 1 S 10.1 ()X() 0.1079 I R.2X 4,4lJX 42.22X I X.2X 4SJ) \ I ().Y) \ 

- - . -
45 12.5() U.%II (J. 140() ](>.75 4A49 .\4.0 I I l(dS '1<1.0 / I ()()\() 

-'-~ --_.---_. - ----- --- - --- --------
60 15.61 17.440X 0.1934 15.() I 4.419 2X . .l41 IS.<) I 42.5X Il.OX.\ 

--~. ------- ----~---- ----~--- -- ------ ---- ---

75 3(dX 20.7404 11.7933 14.34 4.J()9 22.4()S 14.-"1 41.17 17.4X.'1 ------_. ------~- -- -------- ---~------- .-----~---.--

()O 21 . .1.1 23.XXS 0.2740 14.22 4.JX4 22.0(,X 14.22 J9.X2 I()ASX --------- ------- - . -

100 23.09 25.9215 0.3093 I3.X6 4.376 20.554 IJ.X() 3X.% lo.m --------- _._- ------ ._----- '. --- ------_.--- ---- ---- ----- - ~------ _. ---- ~--- -~-.. ---- - -- -- -- -

120 2(1.54 29.X5m 0.3()X5 1.1.27 4.J()4 I X.175 1.1.27 .'1 .. \2 IS.'1()i\ 
Total 

---2 ~--

X =13.2629 
--~-. ~'- --;C--' - --I-

X - IIS().4() ~ X! = IS9.RI4 ---------- ----------- -~----. - ----~- ------_.- -----_.-- ----- -- - ---

Table 4.12: Determination Of Goodness Of Fit Of Kostiakov's, Philip's And 
Horton's Infiltration Models Using Chi-Stluare Test For Cultivated Soils In Tht' Wet. 
Seasons On The Permanent Site Fann. 

--r-------~- --.-.~-- -.--.--- ~-.-------.--.. -- ".-.-. --. - -

II\IE KOSTIAKOV'S MODEL PIIIUI"S MODEL 1I0RTON'S 1\10l>EL 

~-f-----.~---- ---.--y--- ~.--.-.~---.. --.-.- .. ---.. -.- .. -. -'1 
\till Observed Calculated (O-E) IE Obsen/cd Calcliialed (0-1':) 

_.--;I-'--(O-'-)~i_'_(e~n_'l)_+-'-(~E'-) _i. (:....e~m--'-) . ___ ~ __ .J!lECl'!'.'L .JE)iJ5!'!)_ IE 

Ohserved Cakulalcd 

(0) i (em). (E) i (em) 

54.()X 
---~------ --

_~O_I-___ ~--+-__ ~ ___ ~ .-~~---=-- -----=-.r-----~- ---- ----=--
I 0.91 0.51 04 _____ 0.-'--3 __ 12_9 ___ ~~4·(,iL . ___ ~~IL _ 25(J-~QX. 54.5() O.O(JO I 
2 i.()0 -O.5R59 -R.14R8 47.R5 7.917201.420 47 K'i 54.52 O.X I ()O 

------- ---------------- ----- --- ---_. - -- ----- . -- -

5 3.32 -3.4598 -13.2856 39.42 7.385 IJX.<J6J 39,42 
--------~~---~ ~-

10 5.74 -7.6755 -23.4481- 34A4----7.117-'04.81)(;--·-34.44 
-'--"---1f--......::..c..----f-~-.:..:....--- -----'--~~--- .----- -.--" . -.- ... --. -. -. -. -

54.2X 4.()()X2 
."l.UX 7.011() 

__ 15_--+-__ ~7._9_4-+_-~1 ~1.~54~3~8_~ __ ~-~3~2.~8~lL __ ~l.lJ.~ _____ ~:298. _.~~·l~~ __ .~ ___ ~~·1 ~ 
20 9.."i() -15.2025 -40 . .1342 28.R.\ (1.()27 ()l).2S7 2XX, 

53.4X (LWn 
-_. -

5309 I 1.0X..'iX _.-- -_. -.-~~ .--. _. -_. _. -- _._. -. ." .. - -- . 

30 1.1.18 -22.1093 -5(d2()3 2(d5 ().X43 55.<,OX .'1.1.12 IJ.4IXO 
-- -~.- ------ ._.- ---- - - - . --- -

45 18.61 -.11.8041 -7().9U() 24.XI (>.774 4X.021 ----+-- -----.---- .~--~.~--- .---- ---._- - _._._.- ... -
60 23.69 -40.9735 -102'()506 23.73 6.734 42.8% 23.73 

'> 1.21 11.(,Ol)X 
50.D D()OJI 

.~.----------- ~----.-- -.- --_. -----------. ---------~.-- - ----- ._- . -

75 28.43 -49.7711 -122.8707 22.74 6.706 38.337 22.74 
--00·f----1\~- --~X 2X1\' 14 \ 43R I ·-·-221<)- ---((X~ --~~~4(- . -----22.10 . _. _ -_,. _ _ _=-_-_. _ '---____ ._. __ . __ . ~_._L.),_:__:.: ':'_!' _ .. ___ . _ ... 

49.0() 14.1439 
-- -- - - ---

4X.Ol) 14.0'1()2 

100 36.26 -63.R276 -156.9466 21.74 6.674 34.010 21.74 47.44 IJ()22() 
-~.---- ---- -------------- .---~------- ----~----- _ .. --- .~-------. -------

120 41.49 -74.6550 -180.69.13 20.75 6.056 29.844 20.75 4().19 14JJII(, 
rotal X2 ::-~81--~--··--------X2--: 1IJ2.154- ---~-. ---- - -'-:X2 ::o lzljjiriij 
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Table 4.13: Determination Of Goodness Of Fit Of Kostiakov's, Philip's And 
Horton's Infiltration Modcls Using Chi-S(luarc Tcst For Fallowed Soils In Thc Wct 
Seasons On The Permanent Sitc Farm. 

TIME KOSTlAI\.OV'S I\100WL l'IIILlI"S 1\10l)EL 1I00HON'S MODEL 

Mill Observed Calculated 
.~----------.--.---- ---·--2·- ------.--------

(O-E) IE Observed Calculated (O-E) Observed 
_______ (OJiJ<:IlI) (1<:) i «(III) (II) i«(IIl) (E) i «(111) IE (0) i (elll) 

o 
-- - - -- -- -".----~--- ------

I 0.72 ____ .L-,-____ . __ ._. -.UT)·I -S.4s·n ,12. ()X :i..'02 2() 7. 7'd 42.91\ 
------ -- -- -

2 1.22 -R,4%() -I 1.1 121 :n.O() 4.Ril2 212.4X6 37.09 
5 4.93 -2.1.<)071 -'\4.7i143 2').5)) 4.50') 1.1').'100 

----.----- --- -- ---_._-- ---_._--"- -. -- -----
10 4.2() -52.1332 -<J/.I006 25.55 4,320 104.3.'2 f----+-----.-.-------- ----.------- ---- -. - ---
IS 5.89 -82.490<) -94.6915 13.55 4.138 8iUJ02 

-----i-------- f-----.----- ---------.. --.-,,-- - .. ----------- .. --.--------. 

20 7.85 -114.07S9 -130.31()1 22.16 4.IR9 77.0% ------ ----~ --_._- ---.-. __ ."----- ._---------- -------_.- ---" - - ----- - .-.- . - --- -- - ---
30 10.10 -180.U70 -200.9093 20.17 4.JlJO f---+-------c-I---::------ -- .-----------.. ---. ----.-.. ---.----.--,,- --------
45 13.56 -284.4438 -312.2102 17.8(, 4.0R2 

(,2.2% 
- --- - ----

4(J.505 
---1---,.--- ------- ----. - .---,,- --- -- --. ----- -- -- ---

60 16.% -393.32() I -427.9774 I (J.81 4.053 40.IS3 
------ ------.------- ------- - - --- ----- ------"--_.- - . 

75 • 20.47 -505.7424 -465.6309 16.3() 4.0J4 37,(,c,2 
- ----- - --_ .. --- _. -_._-- -~---- ---.--.--~.----- -_. __ ._--- - -_ .. -.-._.-

90 23.95 -()21.057(, -(,(,<).X812 15()') 'l.OJ<) .\5'(,S7 
.-----f------------ .-----.- -.. --- --. ----. 

1 (JO 2S.97 -6(>9 . .l2()6 -752.231 () 15.6.\ 4.012 33.(,44 --- --- ----- ---_.- ----- --- -_. - -. -_. ----
120 30.04 -X5X.77XCt -91()(){)(M 15.02 .\()<)() .WJ7\ 

--~i;~t~;I-------'-- -- . X 2 = -4076.B44 X! = 1175 . .150 

2').5X 

25.55 
2.\.55 
22.I() 
20.17 
17.S() 

I (J.81 
I (d(, 

IS.09 

IS.6'\ 
IS.02 

( 'alculatrll 
(E) i «(III) 

. -

42() I 

42.83 
fLU'] 

41.2(' 

41.91 
41.5(, 

40.XX 
.\').))9 

'\X')4 
I X()\ 

.\7.15 

.\(,)X 
I)ll') 

X' 

(0-1.:)2 
IE 

o O()() 1 1 
O.-/(,I)J 

.\()WrJ 

(,,(Mll 

8.0,tl2 
().05SX 

IO.4<)IX 
12.1 (,().) 

12.S7(,'/ 
1 2 .. \fl1') 

12.0524 

I 1 ')'JK1 
II.XOh} 

111.'J05H 

Tablc 4.14 Estimatcd Soil PHnllllcters FOI" Infiltration i<:(luations Fen' Curve FiUill1-: 
For 12 Wceks. 

Land Use Practice Estimated Soil 
Parameter 
(Kostiakov's ) 

Cultivated Soil M =1.069 
11 = 0.821 
b = 0.054 

Fallowed Soil M = 0.741 
11=0.760 
b = 0.034 

Estimatcd Soil Estimated Soil 
Parametcr Parameter 

Jf!lilip 's ). _____ J!!~..!()f~:~ _____ . 
A = 25.R II In c=, 67.09 
S -. 45.131 le- 27.:n 

Me o.O()() 

02.9R 
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Tahir 4.15 Estimated Soil Parameters For Infiltration E(lliations For ('lIrve Fitting 
Equations For Ot·y And 'Vet Seasoll 

~----T--------------------------- - -------------- .... -- -

Land Use 
Pradin' 

Estimated Soil Parameter Estimated Soil I'anlllletet' 
(Kostialwv's) (Philip's) 

Estimated Soil 
PanlllH.'tt'r (Horloll's) 

Dr T Wet Dry 
~------~~-- ~-~~--4-~ W~!.. _______ J~"L_ Wt't 
Cultivated 
:)oil 

M = 1.2454 M = -1.3970 A = 6.6865 A = 4.0961 I" = 79.50 I" ,- 54.M{ 
II - OX14 
h- 0.102 

II - OX~(d 

h 1.1)074 
S 11.074 S (l.,-~()I) 1 !'vI I, 20.7) 

Fallowed 
Soil 

M' O.72()<) 
n- (). 77 )I) 

b ,~- 0.023 

---- -'----------

M - -:~.<)()57 

11 .~ I. 12()5 

b = 0.0303 

- -- -

A - 2.')45() A 

S - 4.22'>2 S 
2.X()~<2 

3)<257 

O.()O."i7 M 
K -().()()()) 

0.0021 

I" - 41).()() I" !J 2. 1m 

I, 13.27 I, 1 ).02 

M -0.00') M 
K • -0. om -0. (J072 

K 
-O.OO2h 

The result is similar to thosc or 1'::l.C (2000), Wuddirira (I')')X) ;lIld AllIlIcd and 

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

Zaria (Kadulla State) respectively. Thc Kostiakov's Illodcl is pn.:sclltcd by the expression: 

1= Mtllt b 

Where r =-- acculllulated infiltration (CIll) 

t= elapsed time since infiltration started (minutes). 

M, nand b = constants. 

The parameters M, nand b have been evaluated for the testcd soils by the method of 

average as suggested by Davis (1943). DifTercnces wcre observed in the values fi)r a 

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

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

soil up~n wetting started with very high values from 114 em/hr in the first rew minutes to 

43.35 (Ill/hr at the end of the time of 2 hours for sites 21,22,23 and 24 all under the snll1e 

1110nth of May and a gradual reduction in the rate of infiltration was observed in site 2(), 

though relatively high also. 

51 



The end values or each data /()I' the in/illration rate in centimeter per hOllr was 

grouped according to the classific;lIioll or the Alllnicall s()eidy or civil ellgilleers fiHllld 

under the llIanual or enginecrin~' practice, 110 2X (AS( '1', 1(}Il(». These results were 

compared \\lith that obtained rmlll the classification based ()n the soil text",al tl iallglc in 

Table 4.3. A clear difference hetween the two was OhSlTVl'd, except lill a fCw cases wlll'le 

the classification corresponds, for exalllple site () which illlplies that the hydrological 

grouping method based on infiltration rate be studied over a long pel iot! or tillle. 

Table 4.1() shows typical infiltratioll rate values according to AS( 'I': (1()4(l) IIsed 

Il)r soil grouping. The corresponding cover (actor fiJI' savannah regioll was selected to be 

6.()X5 (ASCF, I ()4(J). On ll11rltiplying this cover (actor with values ill Table 4.1 () resulted 

in values showed in Table 4.17. These set of values where thenllsed to classify the soil ill 

the study area based on the measured soil intake characteristics ( infiltration rate). 

Table 4.1 () Typical infiltration rate: I (cm/lll): values with corresponding soils 

. Soil group I (cm/hl') 

Iligh (sandy soils) 1.27 2.54 

Intermediate (loam, clay, silt) 0.254 1.27 

Low (clay, clay loam) 0.0254 0.254 

Source: ASCE (11)49) 

Table 4.17 Typical infiltration rate: I (cm/hr)) values aller it were llIultiplied with a cover 

(actor of ().<J85 with the corresponding soils. 

Soil group 1 (cm/hl') 

High (sandy soils) 8.87 -17.742 

Intermediate (loam, clay, silt) 1.774-- ~un 

Low (clay, clay loam) 0.1774 1.774 
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It was observed that site 2J had a very high infiltration rate, which implies that the 

area is predominalltly salldy soil. Sites I,l,() alld 21 closely fililowed by site13, they also 

have a relatively high illfiltration rate thollgh not as high ,IS ill site 2:1. 

The rest or the site were predoillillalltly kllowlI to have low rale oj' illillliatioll, 

which implies that they were maillly sandy, loam, clay and silt soils as shown in Tahle 

4.11" which docs not cOlllpletcly correspolld with the classiflcatioll or Adesoye "lid 

partners who carried out the soil survcy or lllli\'crsity pelllWllent site (!-it',. 4.1')). h011l 

the map thcy produced, clear difTen:nees were observed with the c1assifieatioll, which was 

carrico olltllsing the infiltration rate method. h)f' example, the area classified as clay soils 

(B) all the Adesoye soil classification map when compared ,\lith the Illap obtained bascd 

on the infiltration rates showed that the area was more or sandy soil than clay soil. hg. 

4.19 shows some or the distances or the sites fi'om the starting point or hearing A, Band 

C, the distances calculated and thc rcspcctive benchmarks arc presented ill Appendix n. 
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TABLE 4.18 Soil C1assific~ltioll Based 011 The Elld Data Of IlIfilh-atioll Rates. 

-
SITE INFILTRATION RATE (CM/HR). CLASSIFICATION TYPE OF LAND 

I 44.70 Iligh ('lIltivatt..:d 

2 46.20 Iligh Fallowt..:d 

3. 36.75 Iligh Cultivated 

'l. . ~().()() Iligh Fa \lowcd 

5. 10.85 Iligh ( '1Iltivakd 

6. 6.25 Intermediak Fallowed 

7. 2.40 III t l'lllled ia IL' ( 'lIltivalcd 

H . 
( . (LIS Illlcrr 11 cd i a Ic htllowed 

9. 49.55 Iligh ( 'lIltivated 

10 ().95 Iligh hlilowed 

11 39.95 Iligh ( 'ultivatt..:d 

12 20.60 High Fallowed 

13. 7.90 Intermediate ( 'ultivated 

14 9.()0 Iligh Fallowed 

15 10.00 lIigh Cultivated 

16 20.35 IIigh Fallowed 

17 11.35 IIigh Cultivated 

18 8.60 Intermediate Fallowed 

19 21.30 lIigh ( 'ulti vated 

20 4.30 Intermediate Fallowed 

21 43.35 Iligh Cultivated 

22 32.05 lIigh Fallowed .. 
23 62.70 (Very) Iligh ( 'ultivated 

24. 30.00 lIigh Fallowed 

25 19.10 Iligh ( 'ulti va ted 

26 39.35 IIigh Fallowed 

27 6J)5 Intermediate Cultivated 

28 6.70 Intermediate I,'allowed 

29 . 27.45 Iligh Cultivated 
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- -,----- -- - ----

30 17.15 

31 34.20 
------------------------~--

32 33.05 

34 

4.50 

6.15 
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}--------- --

38 27.40 Iligh 
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Fig. 4.15: Subsoil classification map according to J\.dcsoye and Partners (199!~) 
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CIIAPTi~R FIVE 

SUMMARY, CONCLUSION AND HECO;\L\lENDATION 

5.1 Summary 

The aim of this study was to determine the infiltration rates of some selected soil 

under various management practices and to classify the soils aq:ording 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 fal111. This study involved 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 tItan the heavier textllled soils which is due to the large conducting pores 

in sandy soil. Crltivated lands normally 1lave lower values of infiltration rates than those 

of falIowed soils. But the presence ~d' hmd \.·april1f~ nvcr shadow the effect of fallowed 

land: a soil with hard capping can hav~ lower infiltration rate in a cultivated soil. Surface 

bulk density is directly proportional to infiltration rate since it is related to soil texture. 

5.2 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 time say eight 

years (Serrano, 1990). 

(ii) Based on the end dala obtained from the infiltration rates. classification of the 

various soils on the irrigation farm of the Federal l Jniversity of Technology 

Minna was madc possihk.The soil grouping of the tested soils of the 

irrigation farm was carried out with .the soils heen divided into the high 
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infiltration rate (sandy soils), the intcllncuiate infiltration rate (Loam, clay and 

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

(ii.i) Kostiakov's equation showcd a bettcr pr:rformance over those of Philip and 

Horton's equation whieh is known to have the following parameters for 

cultivated soils of the inigation farm 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=O.034, based on there values, a higher degree of calculated infiltration data 

is observed in the case of Kostiakov than those of Horton and Philip's 

equation. 

(iv) The equation that best d~scribe the inigation farm of the Federal University 

Technology Minna, Niger State, Nigeria; is given as Y=0.488Ix + 1.2192; 

while that which describe the graph of cumulative infiltration against elapsed 

time {t(min)} as Y=0.5094x-9.04JI for the same area; where x is the time. 

(v) The infiltration tests perfonned during the dry season are preferable, as tests 

performed in the wet season are unlikely to reflect the stable soil 

charactcristics which shows the influence of antecedent soil watcr content on 

the meas~lred infiltration cal)acitil:~;. 
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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 uscJ to design allJ carefully plan irrigation projects on 

this part of the campus. A theoretically derived equation may have physical signiticance 

but the assumptions made could cause serious deviation fi-om field 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 grouping carried 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 othcr 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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/ 

A-I: Soil surface description at the time the measurement were taken arc as follows 

SITE I 

The site was discovered to have dry grasses with fi:w shrubs scattered around the area. 

Traces of ridges were seen arqund this area. The soil was \'Cry hard with traces of medium size 

quartz stones. 

SITE 2 

The site was seen to have dry grasses and sparscly populated trees/shrubs. Traces of 

sprouting grasses the area was of a gradual slope with a dry steam 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 

holes were very feasible few shrubs can be seen. 

I SITE 5 

Feasible ant holes with little anthills around. The area had few scattered shrubs. The area 

was cultivated, because of the presence of the corn stacks that were seen. 

SITE 6 

The site had few scattered trces, \vith the prescnce of the nomadic farmers on the land. The 

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

SITE 7 

The area hard scattered shrubs. This \vas a fadallla area though the stretch was not large 

enough. Heavy black soil, dry ami creaked. The surfiICe 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 f~lIming during the previous season. Presence of scattered 

shrubs. 
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SITE 9 

The arca was sccn to havc rid~l's tll\lu~h \ ery sl1lall in sill' \\ ith a lilirh brim lIish 

. soil with thc prescnce OflllCdiul1I sill' ljU;\Itl st(llle'i. (iradual gelltle slope. 

SITE 10 

Almost flat lalld. with scattered 'illluhs alld spl(lutillg. grasses presellt. Nomadic 

settlcmcnt was sccn thc naturc of soil \\as li12ht !2ra! \\ ith scattered I1IcdiulII si/c quartz. 

Not too f~lr was big rock. 

SITE 11 

The arca has a thin bush \\ith scattered shrubs. lhe soil \\as fairly gray in colour 

.with patches ofmcdiulll sile quart!. presl'lIt this area \\as f~II·lllcd the pre\ ious seasoll. 

SITE 12 

The salllc thi'J1g \\as obscn'clf as orsite 10 

SITE 13 

A fat/ama arca. \\hich sh()\\ s the prcscncc or rice stocks aroulld. heavy black 

c1aycy soil was secn. Grasscs seell here sl\ll\\ed that they sunin:d the dry season. 

SITE I .. 

Thc arca has bccn under f:t1lo\\ fill· SOIllC ycars. lhis \\as cOllfirnled by the nature 

of grasses, which \\as secn around here. \\ hich \\ere tall. I'knty termites alld ~\Ilts \\ere 

secn in thc areas a day afier thc winl:tli. 

SITE 15 

A flat land with scattered shruhs. Shu\\s the area \\as under intellsive f:lrI11ing. 

Thc naturc of soil \\as light bm\\ n in Clllour. 

SITE 16 

What \\·as obscne hen: \\as lIot ill ;ill!\\;J! dil"krl'nt fmlll \\hat \\as scen ill site I:' 

SITE 17 

A f:ldama arca dark gray soil \\;IS obsenTd \\ ith l1Iediulll Slle qUint!. p;lrtick 

prcscnt. Scattcred shrubs wcre seen. With thc preSl'lIcc of allthills or IIloder;ltl' height. not 

Mary though about thrce \\ as seell. 
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SITE IS 

I bl ~;Illoolil 1;1I1l!. \\ ilil c;cllll'll'd ~;llIId)<; pll'd(lIllill;lll'l\' \\ Ilill' Lilill ',(Iii IIII1I 

p;lll'iles or gr;IY ;1I1t! hnmll soil \\;1" o!l';l'nL'IL I ill' ;IIL';I \\;\" ulllil;lll'd dllllll,!' III\' 1,1,1 

,til'lllilig seaSllll <IS ground Illiit silell~; ;lIld ill'lll.\ \Iere OhSLTVL',L 

SITE It) 

C;radual gentle slop. the I )all /;11 i;1 tidlll \\;IS ;1 Pllllllillelll Il:alure ;doll~~ \\ illl !11l' 

dagga riler: till' ;lre;1 \\;IS;I lildalll:I/()lll.' \\itil ilL';I\'\ d;lrk "oil" \CCII. SOIIll' (l1'\\llicll \\('11' 

I()okillg dr~. 

sl'n: 20 

I ill' are;1 ilas ;1 gradual ulldlll;Jtill!..' "lope witil sCltlLTcd slmd)\ ;II'lJlIIIlI I Ill' LIII<I. 

( I()"e to the rivcrh;lIlk "as <I thick dni'''L' I ())esl likc udl;ltilill ()llree" ;111l1 d;1I k ud(II('" 

soil lIas ohser\'l:d. Tile area lIas culli\ :llL'd \\ itil rice, 

SITE 21 

This IS a lilllO\\ed lilcl,1I1W 1;lIld, ile;l\\' hlilck ci;IV soil gr;1I11s ()I P;lIliLk. 11)(' 

surl;ILT \\as cOlerl'd \\ilil dr~' gr;\"',l'C; 111I1C;[ 01' \\llicil \lIn i\ed I ilL' d:1\ ',c-:I':IIII ''''1111111 
/ 

:Il,ti\ ill \\;IS SL'L'1l hili pklll: 01';111'" \\,'Il' '"TIl. 

SITE 22 

Tile are<l lIas ullder litll()\\ ;lIld Illl' Ilalure or s()il seL~11 ilcrc \\as ligltl !.lla~ III 

c()lour \\ itil traces orwilite s;llldy soil Pll'\Clll.l ill' 1;lIld ill lilis ;lrl';1 \\;1.\ 11:11. 

SITE 23 

('WIll ilere tile r(lil serving ;)S I ilL' ho;mkr ;It lile Nmllll'l'Il part or Illl' 11I:lill C:IIIIIIII ' 

c()uld hc scell. Tile (;!Ill! lIas under udlil:lliOII. I igilt IlilJ\\11 soil \\illl Illl'dilllll Sill' '1'1:111/ 

\\ ;I.S also Sl'CIl. 

SITE 24 

I ill' arc;1 line \\;IS ;1 ('ad;lIlI;) :lrl';1 \\ itil IlIi,\turl' 01' ill';1\ Y lbrk cl;l\ s(lil ;llld li"ll~ 

hnJ\\ 11 "oil" \\ itll patcill's 01' 11Il'tiilllll ',ill' !'r;lIllIlar 'I1I;)11/. 1);111 /;lIi;) ,Lilli \\;1', 1,'1 \ 

oln i Oll". 

SITE 25' 

/. irst gr<lsses were scell to he gnJ\\ Illg. Tile soil \\;IS light hro\\ II III colollr. 

;\cli\ilil'S l)rcldliv;)lioll \Vcrl' OhSLT\l'd 
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SITE 26 

I iii'> ;lrL';1 \\;1<; L'lo,'>L' 10 ;1 \lr,';1111. \\ ili,'11 iI;ldjw,1 sl;lIll'd 110\\ ill!' 11\'\ ;\11 ,C' I" II\(' 

iIL:a\' \ railll:IiI tilL: prL:violls t\\O eLI}\, I ilL' ;Irea iI;ld ;1 ligiIlisll hJ()\\11 \\ illl P;II, Ill", I" 
grallLtI(lr lju(lrl/, Ihe (lre;1 \\;IS ;Iilll()sl ILII \\ illl liesh gr;lcL:\ ~;c'ell L'()lllill,L~ IIjl!'IO\\ ill!' 

SITE 17 

I ile S;lIlIL' tilillg \\;IS OhSLT\L'd ill Inlll" ()r till' collJl'" 01' Illl' soil ;1\ ill ',II\' 'I, 

IlwlI!,'il 110 SIIC';1I11 \\;1\ \C','II ;\lPII/IIIIIL'I(', 

SITE 2X 

This (lrea \\as (I Il;it l;lIld. gr;\<;\L'S \\L're SL:L:1l gro\\illg aroll/Hltlle ;lre;1 ;11111 IIIL' ;\1(';1 

\\;IS 11rL:\illllsly L'ulli\;lli()11 hee;III",' 01 I ilL' Ir;ILTS or Irillll) ridgL's lil;11 \\L'IL' ,\l'L'II, NIl! 1:11, 

li'L:sh ridgL:s \VL:rc SCCIl (IS l;trI11cr<; prL:p;lrc mo tilc IIC\\ pl;llltillg Sl';ISOII. 

SITE 29 

;\11 (llllIost Ibt lalld \\ilicil is ulllkr cultiv;lti()II, I)(lr/.; cl;IY ,,()il \\;\\ ,\l'L'11 dllill/i" 

\\ ith sOllle sparsL:ly populated giallt S(Olll'S' \\CI'C obvious, 
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A - 2 PI~OFILE DESCRIPTIONS OF TilE SOIL UNITS. 

SOIL UNIT SITE l. 

Parcnt Matcrial 

Vegctatioll 

Micro topography 

IIOU.lZON I)EI'TII. 

0- 25cl11. 

25-50 eM. 

SOIL UNIT 2 

Parcnt lIlaterial 

Vegetation 

Micro topography 

HORIZON DEPTH 

0-25CM. 

25 -50CM 
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Finc colluvial-locssi;t1 

Scattcred grasses 

II ppcr slope 

DES(:lU PTU )N 

I,ight Dark santiy clay was sccn, with 

Massive structure, land dry firm most 

soil, slightly plastic in naturc with 

patches or gravel, with grass roots 

prescnt within this area. 

Vny kw roots wnc SCCII ill this I.OI\l·. 

Pale sandy clay soil, weak mcdiulIl 

suhanglilar hlocky structure, dry, h;lI<I 

and linn soil slightly plastic, stick) 

and wet the boundary vvas clear and 

SIIlO()t h. 

SITE 2. 

Collivial ·Ioessial 

Scattered grasses 

Gentle slope 

DI~SCRI PTION 

Brownish sandy loam soil was seclIl 

with scattered lllediulIl sizc quartl 

particles prescnt. Traces or grass ;1I11I 

shrub roots were seen also. The sui I 

was hard alld dry. 

Vcry lew roots or grasses were seell, 

the soil having same colour but with 

kss presellce of" rools ill this rl'gioll. 



SOIL UNIT 3. 

Parent material 

Vegetation. 

Micro topography. 

HORIZON DEPTH 

0- 25CM. 

25 eM -50 CM. 

SOIL UNIT 4 

"arent material 

Vegetation 

; Micro topography 
I 

HORIZON DEPTII 

0- 2SCM. 

25 - 50CM 

SOIL UNIT 5 

Parent material 

V egda! iOIl 

Micro topography 

73 

SITE 3 AND 4 

Basement complex. 

SlIort grasses 

nate land. 

\DESCRI PTION. 

Dark sandy clay soil was observed. 

h:w roots were secn probably dew to 

active f;II"1llillg heell carried ou! here hy 

the use of the trador. The soil here 

was hard <lnd dry. 

I )arker salldy clay was ohserved alld 

kYler roots present. The soil was hard. 

SITE 5 

Basemellt complex 

Short grasses 

lower slope. ( ;entle ill nature). 

Slightly plastic salldy 10a'11 soil 

(Ihowllish) was seell witll vcry fl·w 

slll<lll si/,ed quartz particles prescill. 

Very few ant holes were observed. 

Roots of grasses and planted crops 

were seen in this zone. 

Plastic sandy loam soil, very kw roots, 

no ant holes was seen. liard and dry ill 

nature. 

SITI~ 6. 

Losessial-colluvi lllll 

Sill lI! gr;lsses 

nate lalld 



1I0RIZON DEPTII 

0-2SCM. 

25 - 50 CM. 

SOIL UNIT 6 

Parent material 

Vegetation 

Micro topography 

HORIZON DEPTH 

0-25CM 

·2S-S0CM 

SOIL UNIT 7 

Parent material 

Vegetation 

Micro topography 

HORIZON DEPTH 

0- 25CM. 
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slightly plastic dark sandy clay W,IS 

ohserved. Phllit roots wnc seell ,dOli)" 

sides sOllie pods or grandaullt. 'I hillllY 

particles or s(1J)d were relt whell 

tOllched. 

Plastic darkn sandy clay was ohsCl'ved 

and cut niT. The naturc or the soil 

remained the salllc. 

SITI~ 7. 

hlle colluvial·· loessial 

Short grasscs 

tipper slope 

IJI~SCRI PTION 

Dark sandy clay nlaSSlve structurc, 

plastic and sticky, ICw mediulll roots 

were seen. 

Dark grayish -brown clay, very weak 

sub-angular blocky dark yellowish 

brown mottle, hand dry, linn moist; 

pbstic and sticky wet; few, very line 

vcrtical horii',olltal, tllhulm alit! 

interstitial pores, /Cw lire roots. 

SIT~ 8 AND 9. 

Basement Complex 

Short grasses 

Flate land 

DESCIUPTION. 

Very dark grayish browll coarse 

clay; massivc structllre; hard dry, linn; 



2550CM. 

SOIL UNIT 8. 

. Parent material 

.Vegetation 

Micro topography 

HORIZON DEPTH 

() -25cm 

2S-S0CM. 

-SOIL UNIT 9 

Parent material 

Vegetation 

Micro topography 
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:1I1d f:lirly sticky, COllllllOII very filll' 

and fCw medium roots, abrupt smooth 

houndary. 

I lark Yl'IIowish hrow/l CLI). 

moderately weak sub angular blocky 

structure. hard dry. firm; plastic alld 

very sticky, common very fire alld 

vertical oblique tubular pores; very 

Il-w filll' roots. ahrllpt sllloollt 

houlldary 

SITI~ 10 . 

ilasement ( 'olllplex 

Short grasses 

Flate land 

DESCRIPTION. 

Pale hrown gravelly concretionary 

sandy loam massive structure. hard 

dry, firm moist, slightly plastic and 

sticky whl'n weI. Il-vv co:irsl' roots. 

gradual slllooth boundary. 

Brownish yellow gravl'lIy 

concretionary salldy clay loalll; 

nwsslve structure; slightly hard clay. 

slightly plastic and sticky wet. 

common fine vertical ohlique nllldolll 

vesicular and interstitial pores; abrupt 

smooth boundary. 

SITE II, 12 AND 13. 

Alluvial deposit 

Short grasses 

Flate land 



IIORIZON ))I~PTII 

0-25CM 

25 - SOCM. 

SOIL UNIT 10. 

Parent material 

Vegetation 

Micro topography 

HORIZON DEPTH 

() - 25CM. 

25"":50 CM. 

16 

IH~SCIU I)TION. 

Very dark hrown coarse clay was :)ecn~ 

1ll,Issive strllcture~ hard dry, linn lIIist: 

pl,lstic <lIlt! sticky Wl't: wry lilll' ,11)(1 

/Cw medium sized roots, ahrupt 

sillooth houlldary. 

I )ark yellowish hrown clay, hard dry, 

l1Ioderate \Veak suhangular block 

struclure, plastic and vcry sticky whcn 

wet; very lire and vertical oblique 

tubular pores was seen with very fire 

/Cw roots and abrupl slll()()th h()lIlltbry 

'v\ as seen 

SITE 14. 

J,uscssial-colluvi Ulll 

Short grasses 

1;lale lalld 

DESCRIPTION. 

Light yellow brown sandy loam, weak 

line allli lIIediulIl suballgular slruclurc; 

soil and slightly hard dry, slightly 

plastic and slightly sticky when wet; 

lire and medium horizontal random 

illterstitial and tubular porcs, vcry 

common, very lire and line rools: 

ahrupt smooth boulldary. 

Reddish brown clay loam; strong 

mcdium subanqular struclure: 

continuous and brown shirring dark 

brown cutans on reel surf~lces, 

co 111 1I10n fine coarse, horizontal, 



SOIL UNIT II 

Parent material 

Vegetation 

Miero topography 

HORIZON DEPTH 

0-25 eM. 

25-50 

SOIL UNIT 12 

Parent Material 

Vegetation 

Microphotography 

HORIZON DEPTH 
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vertical tubular and interstitial pores, 

very lew, very line roots; gradual 

bounuary. 

SITI~~ 15 ANI) 16 

hne losessial-col\uvillill 

Short grasses covcr 

lJpper low slope 

I)I~SCRI PTION. 

Sandy 10al1l, very weak line ami 

mediulll suhallgular blocky structure; 

loose dry, very n'iablc moist, 1l01l

plastic ami sticky wet; very IC~ swan 

hard black and reddish brown red and 

i lTegular concentrat ions; conllllon Ii lie 

vertical and tubular pores; very fl'\\ 

coarse roots; abrupt smooth boundary. 

Reddish brown sandy clay loalll; 

moderate line and medium slIbanglllar 

blocky structure; hard dry, f'riahle 

moist, plastic and sticky wct; broken 

and patchy, common, lille vertical and 

oblique, interstitial and tubular pores; 

frequent, small hard reudish brown 

irregular i roll cOllcn:t ions 

coarse roots, gradual 

boundary. 

SITE 17 ANU 18 

very lew 

sl1looth 

Fine loessial-alluvial deposit 

Moderately high grass lalld 

Valley bottom (Fadama f'ri nge) 

UESCRIPTION. 



U-2SCM. 

2S-S0cl1l. 

SOIL UNIT 13 

Parent tvlateria I 

Vegetation 

Micro topography. 

HOIUZON DEPTH 

0-2Scm 

2S-S0clll 
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I )ark gray salldy loalll, fL-w lilll', 

distinct, clear, dark reddish browll 

mottles very weak crumh tending hard 

dly slightly lilln moist ;llld IIOIl-stid~)' 

when wet; many very fine and few 

vertical, hori:1.ontal, tubular ,lIld 

interstitial pores; common, very line 

and few mediulll roots; abrupt smooth 

\JuIIIHhlry. 

J{cddish yellow distinct clay Loam; 

lllallY line to lilint district reddish 

hrown to red mottles, mass I ve 

structure; hard dry, finn moist; plastic 

and sticky when wet; Conlillon vcry 

line vertical, horizontal, tubular and 

illterstitial pores; few line roots: abrupt 

smooth houndary. 

SITI~ 19 AN U 20. 

losessial-alluvial deposit 

Short grasses with thick weed cover. 

Flate Land 

DESCH .. PTION. 

Very d<lrk grayish- browll coarse el;IY, 

massive structure, hard when dry, linn 

l1loist, plastic and sticky wct; WlllmOIl 

very fine and lew mediulll roots; 

abrupt smooth boundary. 

Dark yellowish-hrown clay slliJallglliar 

blocky structure; hard dry alld linll 

moist; plastic and very sticky when 

wct; few fine; faint dark yellowish-



SITE UNIT 14 

Parent Material 

Vegctation 

Micro topography. 

HORIZON DEPTH 

0-25 

25 - 5()CM. 

SOIL UNIT 15 

Parent Material 

Vegetation 

Micro topography. 

HORIZON DEPTH 

() - 25CM 
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hrowll 11lotlks; COllllllOIl very !illL' :llId 

vertical oblique tubulm pores; very 

Il-w !ille roots; ahrupt SllIlloth 

boundary. 

SITE 21 AND 22. 

Mixture oLdluvial deposit :lIld 

basement complex 

Short grasses. 

F1ate Land 

D[i:SCRIPTION. 

Brown sandy loall!; weak presellces or 
clay, ll1ed i UIl1 blocky structure, plast ic 

and sticky when wet, COIlIll!On \'Cry 

line and few med i Ull! roots, abrupt 

smooth boundary. 

Strong brown sandy loam; moderate, 

mediulll subanqular blocky structure; 

slightly hard, plastic and sticky when 

wet few root channels. patchy alld 

brokell dark brown !illc carth, 

SITE 23. AND 25. 

Alluvial deposit 

Short grasses with thick weed cover. 

Valley bottom. (Fadallla) 

DI~SCRIPTION. 

Very dark grayish - brown clay. 

Illassive structure, hard when dry, !inl! 

moist, plastic and sticky when wet, 

comll1on very line and lew Illediull! 

loots abrupt boulldary. 



25 - 5tlCM. 

SOIL UNIT 16 

Parent Material 

Vegetation 

Micro topography. 

HORIZON DEPTH 

0-25CM. 

25 - 50 CM. 

SOIL UNIT 17 

Parent Material 
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I )mk yellowish browlI clay, 

moderate weak sllbanglliar blocky 

strllcture, hard dry :lIld linll JIIoist: 

plastic alld very sticky whell wct; 

comll1on vcry linc and vertical ohlique 

tahular pores, very few lille ro()ts; 

ahrupt slllooth boulldary. 

SITI( 24 

losessial-collu v i um. 

Short grasses with thick wecd cover. 

I ,ower Flate I,and 

DI~SCRIPTION. 

Light yellow brown sandy loam, weak 

line and medium subangular structure, 

son and slightly hard dry, slightly 

plastic and slightly stick when wet; lire 

and med i um hori zonta I randoll1 

i nterst i tial and tabular pores, very 

C01ll1l10n, very lille, :tIld lire roots. 

Ahrupt smooth boundary. 

Brown sandy clay loams. Moderate 

lIIedium subangular hlocky stnicturc, 

slightly hard, very ll'iable, moist, 

plastic amI sticky when wet; 

continuous and browll shillillg dark 

brown cutans on pad surl~lces, 

COllllllon coarsc, horizontal vertical 

tubular and interstitial pores, very few 

Ii re roots present. 

SITE 26. 

Basement complex 



Vegetation 

Micro topography. 

IIORIZON DI(PTII 

() ~SCM. 

2S-S0CM 

SOIL UNIT 18 

Parent Material 

Vegetation 

Micro topography. 

HORIZON DEPTH 

0-2SCM 

81 

Short gr;lsses ;\lld wecd cover. 

1:late I,and 

IH~S( 'RI PTION. 

Strong brown salldy loalll, wcak 

medium suhangular blocky structure. 

slightly pl;Istic ;lIld 11011 slicky whl'1I 

wet; very lew small and soil hard 

i lTegula r brown cOllcret ion. COllllllOll 

line amI lIlediulIl vertical horil.olJlal 

oblique. interstitial, tubular pores. 

li'cljuelltly very lille amI kw c()arse 

roots. 

Strong browlI IO(\IIlY sand. Illoder;lIe 

medium sllballgular blocky structures. 

slightly hard fioiable moist. plastic and 

sticky when wet, patchy and broken 

dark hrowlI lille earth ill illset cast. root 

channels, common fine and medium 

vertical obliquc vascular 

intcrstitial porcs, kw illset voids. 

SITE 27. 

Basement complex colluvi LIlliS 

).'allow (tall grasses) 

I.(lwer slope 

DESCRIPTION. 

and 

Dark brown, loamy sandy weak 

granular structure, slightly sticky, firm, 

hard; few fine coarse roots; abrupt 

smooth boundary. 



25 - 50 

SOIL UNIT 19 

Parent Matcrial 

V cgetat ion 

M il:To topography. 

HORIZON DEPTII 

() - 25CM. 

25 - 50CM 

SOIL UNIT 20 

Pare-nt Material 

Vegctation 

Micro topography. 

HORIZON I>EPTII 

0- 25CCM. 

25-50 eM. 
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Very pale brown sandy clay loal1Js 

weak spheroid structure, vcry slicky, 

li'i:lh1c, slightly h:mL I"cw lilll' roots. 

srl'l~: 28 ANI> 29. 

('olluviums-li'olll Basl'lllcnt COI1JPiL'x 

Short growing grasses 

Flak I,and 

I>ESCRIPTION. 

Brown loamy sand, strong, bloeky 

,')truclure, slightly sticky, linll hard Il-w 

Ii Ill' coarse roots abrupt slllooth 

hOllll(i<lry. 

Brownish yellow, sandy clay IOalll, 

strollg blocky structure, vcry sticky 

when wet, very linn, very hard, Il-w 

coarse roots clear irrcgular boulllbry. 

SITE JO. 

COlIllVilllllS from Basement complex 

Short growing grasses 

Flate Land 

DESCRIPTION. 

I )ark hrown loalllY sand, weak 

granular structure; non sticky, very 

I['iahlc sort lIlallY lille roots, slllOoth 

boundary. 

Strong brown sandy loam, wC:lk 

crulllbly structure, slightly sticky, very 

friable, slightly hard, fCw line roots, 

ahrupt, irregular houndary. 
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[,(}="IL TR/\ TIO'( R.-'i. TES AT "OR\1AL FOR APRIL 

.-\ B C ,D E F G 
Elaosed ' Final Initial i Water Cum. Infiltration Infi!. 
Time Reading Reading I Intake Water Rate Rate 

• (B-C) Intake (E/A) (Fx60) 
I ( "D) 

i A ~I B--'-- C D E - i FiG 
I ! 

i Elapsed i Final Initial I Water Cum. I Infiltration \' Infi!. 
! Time i Reading Reading Intake Water 1\ Rate Rate 

I
: (B-C) Intake. (E/A) I (Fx60) 
i I (~D) I I 

I IlllIl i (cm! ~cm) i (cm) (eIll) (em/min) : (emlhr) (min) 1 (em) (cm) (cm) i (em) l(crrumm) I (em/hrl 
\I ().O(J 6.00 '0 7.30 -.30 • - ! - i-I ~. 

G.lIU 6.00 I O.tiO I (1.60 . 0.600 36.00 7.70 • -:.30 0.'+0 ! 2-1-.00 i 00 

~ 7lt' 660 i O.SO 1](l ! 0.550 . 33.00 
;; ')1\1 S.lO IOn 21(1 0.'+20 . 25.20 

7.00 . 670 lUO I 21.00 ).,J 
15.60 ! 

2 
- . 

1(1 I 10(,(1 9.10 1.50 3.60 I 0.360 : 21.60 10 ! 8.40 860 i 0.80 i 2.10 0.210 I 12.60 
1.' 11~!1 W(,CI 120 .+. ~() , 0.320 1920 15 I 9.20 8.'+0 ! 0.80 I 2.90 0193 I 11.60 
211 I 13.1'1 1 1. so 1.30 : 6. III I (U05 18.30 20 ! 9.80 . 9.20 ! 0.60 i 3.S0 I 0.175 10.50 
'( I I 1'+')(1 13.111 I 1.80 -:' .YU I 0.263 15.80 . 30 I 1U)0 9.80 I 1.20 ! .+.70 0.157 , 9.'+0 
-I.' 1 "' . .+() 1.+.90 i 2.50 10 . .+0 • 0.231 13.87 I -1-5 I 12.60 , 11.00 I 1.60 I 6.30 0.1-1-0 8.'+0 I 
(,(1 i 196(1 ' 17 . .+U I 2.20 12 60 i 0.210 i 12.60 60 I 1-+.00 12.60 1.-1-0 I 7.70 0.128 I 770 ! 
-:-~ ! III "'(, 8.000 I 2.70 15.3() 10.20-1- 12.2-1- 75 I 15.30 I 1-1-.00 I 1.30 i 9.00 0.120 7.20 I 
911 i nO(1 ' 10.ill ! 2.30 17.ti() I 0.196 11. 73 90 I 16.70 ! lS.30 i 1-1-0 ! llUO 0.116 6.9~ 

llji, 1-15(1 13.0u I 1.50 19.10 I 0.191 11.-+6 100 ! 17.-I-l) 16.70 . 070 ! 11.10 0.111 6.66 
12' 1 1 (). 1 ( I 13.5U I 2.60 21. 7() I 0.181 10.85 120 I 18.80 17.-1-0 : 1.'+0 ! 12.50 0104 625 

TABLE BS CULTIVATED LAND TABLE B6 FALLOWED LAND 



~~:=LTRATIO~ L~TE A: ~O~~ SURFACE :OR APRIL 

A 
Ela;Jsed 
Time 

illllIl) 

() 

") 

" ]() 

15 
l!1 

;\1 

45 
611 
"75 
90 
1 (ICi 

12() 

TABLE B7 

B C D IE F G 
Final Initial . Water i Cum. ' Infiltration Infi!. 
Reading Reading; Intake t Water iRate • Rate 

(B-C) . Intake (EfA) (Fx60) 
{ ~D) 

(.::m) ( em) (em) (cm) ( CIll! 111 III 1 . (cmfhr) 
-: .. j.() 7 ... +0 
-SO 7.4() , 04n i 0.40 • 0.40n 24.00 
Sl! 10 8.S0 n.lo I (l.60 I O~()() lS.00 
920 9 Oil , (u() T{U() I 0 160 I 9.6()~1 

\l50 9.20 I (Un I 1.10 I 0 110 ! 6.60 
t,UiO 9.50 : ().~() 1.40 i O(l'}O 560 

i 10 O() 980 : 0.20 I 1.60 i om;o ! 4.80 
j() 511 IO()!1 O.5() 2.](1 ! 007() 4.20 

110(1 10.5\1 i U.5() I 2.60 i O.()5S i ~.47 

11.5fJ 11.011 10.50 3.10 ! 0.052 13.10 
i 12.00 11.511 TC)50 13.6(-1 _. ~()~ ---:-T.SS--' 
I 12..J.O 12.0\1 1040 I 4.00 i 0.04..j. : 2.67 

12.70 12 . ..j.\1 i ().~() I 4.30 i O()4~ ! 2.58 

n.20 I ]ill I 0.50 I 4.80 ! O.04() i 2..J.0 

CULTIVATED LAND 

IA .B C D ;E IF i G 
Elapsed Final Initial Water i Cum. I Infiltration \ Infil. 
Time Reading Reading Intake Water i Rate Rate 

(B-C) Intake i (EtA) \ (Fx60) 
i {~D) i I 

I • 

(min) . (cm) (em) (em) (em) I (emjIlllI1) I (cmhn 

0 ! 8.20 S.20 - , - ! - -
1 • 8.80 : 8.20 0.60 ! 0.60 10.60 i 3600 

2 . 9.20 8.80 040 • 1.00 I 0.500 30.00 

5 i 11.10 ' HUO 0.90 ! 1.90 I O.38U 22.50 

10 I 12.20 i 11.10 1.10 i ~.O() I lU(lO 18.00 

15 , l3.UO 12.20 0.50 i 3.80 I 0.253 i 15.20 

20 i 13.70 13.00 0.70 i 4.50 I 0.225 I 13.50 

30 : l-l.90 ' 13.70 1.20 : 5.70 : 0.190 1140 

45 I 1 G.40 14.90 1.50 i 7.20 I OIGO 9.GO 

60 i 17.5Cl 16.40 1. ll) I 8.~O I O.13~ s.~n 

75 I 18.70 ~ 17.50 1.20 I 9.50 10.127 , 7.60 

90 ' 19.60 ! lS.70 0.90 10.40 i 0.116 I 6.9~ 
100 19.30 ! 18.60 0.70 11.10 I 0.111 6.66 

120 20.50 ' 19.3() I 20 ' 12.~O I () 103 
_1 

G.15 

TABLE B8 FALLOWED LAND 

, 

i 

I 

J 
I 

1 
\ 

i 

I 
! 
I 
i 

i 

I 

Lfi 
cc 



I:--':=-IL TRA.. TIO:-; R-\ TES AT :-;-OR~AL SCRFACE FOR .-\PRlL 

A 
Elapsed 
Time 

(min) 

o 

") 

5 
10 
15 
20 
30 
.+5 
6(1 
-, 
91) 

1 \1(1 

j""l{j 

TAB"I..E B9 

!B 
Final 
Reading 

lem) 
S.ll! 

, Y·w 
: 99(' 

13 5~ \ 
i IS 1(1 

21. -(I 

1-+.\11 
"").5(1 

IS.811 
19.611 
IS (1(1 

19(,,' 

2.+ .111 
22 I!! I 

C iD 
Initial Water 
Reading Intake 

(B-C) 

i (em) i (em) 
S.IO 

, 810 I 1.30 
i 8~0 ) 1.50 
i lJ.90 i ~.60 
, 13.50 i -+.60 

IS.F! :' ~n 

i ~UU ! 5.80 
1~.10 I 8.-+0 
5.00 13.80 

, 6.70 i 12.90 
: 6.00 12.00 
i 7.50 12.10 
I 19(,l) i -+.50 
I 7.00 15.00 

CULTIVATED LAND 

E 
Cum. 
Water 
Intake 
( 2:0) 
(em) 

1.30 
2.S0 
6.~O 

11.00 
1~.60 

2tUO 
28.80 
~2.60 

55.50 
67.50 
79.60 

, S·UO 
I 99.10 

F 
Infiltration 
Rate 
(EtA) 

(em/min) 

1.300 
1.~OO 

1.280 
1.100 

0.973 
1.020 

i 0.960 
0.9'+ 7 
0.925 
0.900 
0.88'+ 
ll.8'+1 

. 0.826 

G 
Infi!. 
Rate 
(Fx60) 

( enl/1lf) 

78.0U 
S~. ()() 

, 76.S0 
.66.00 
5S.~O 

• 61.2U 

: 55.50 
: 5.+.0U 

53.ll' 
50.-+6 
~9.55 

!A 
Elapsed 
Time 

B 
Final 
Reading 

C D 
Initial Water 
Reading . Intake 

l (B-C) 

.E 
Cum. 
Water 

I Intake 
('::D 

IF IG 
: Infiltration Infi!. 

Rate Rate 
(EtA) (Fx60) 

(min) i (em) (em) . (em) i (em) I (em/min) (emlllT) 

i O 7.10 7.10 i- !- 1-
. 7.60 7.10 . 0.50 . 0.50 I 0.500 I 30.00 

2 i 6.80 6.60 0.20 ' U "'(1 I 0.35U I 21.00 
i 5 i 7AO : 6.80 ! (l.60 Ull i 0.260 I 15.60 <.0 

I 10 , 8.20 , 7AO ! 0.80 , 2.W I 0.210 i 12.60 0:: 

115 ! 11.10 10.20 '090 . 30l) 10200 ! 12.00 
120 i 11.80 '11.10 ! 070 : 3.-0 I CUS5 11.10 
I 30 i 13.50 I 11.80 170 i 5.'+0 ! 0.180 10.50 
I .+5 i 15.90 13.50 : 2.+0 -.80 ! 0.1 n 10.'+0 
I 60 1 17.10 1~.9U : 2.20 HU)U i 0.16'+ 10.0U 

75 I 10.30 . 7.70 ! 2.60 12.60 I 0.168 10.0S i 
90 12.9l)' HUll : 2.60 15.20 i 0.169 I 10.1:; 
100 I .. UU I 12.90 160 1b.SU! 0.16S I 10.08 

1120 17.60 1'+.50 13.10 1990 10.166 19.95 

TABLE BI0 FALLOWED LAND 



I 

L\TIL jR-\ TIO'\ R.-\ TE .-'\ T ,\OR.\lAL SCRF.-\CE FOR APRIL 

A 
Elapsed 
Time 

iB C D E iF 
Final Initial Water Cum. Infiltration 
Reading Reading Intake Water Rate Rate 

(B-C) Intake (E/A) (Fx60) 
(~D 

I (min) ! (cm) (cm) (cm) Icm) ! (cm/min) i (emfhI) I 
0 I 6.30 6.30 - - ! - I - I 

I I 1.6U 6.30 1.30 1.311 ! 1.300 I 78.00 I 
2 : 8.70 7.60 1.10 2.40 'I 1.200 ! 72.00 

1 5 i 1O.911 7.70 3.20 5.60 I 1.12 I 67.20 
Ilt) ! 15.2\1 lO.90 4.30 9.90 i 0.990 ! 59.40 ! 

15 i IS.8U · 15.20 3.60 13.50 I 0.900 ! 5HlO 
2\) I 21.5(1 18.80 2.70 15.20 I 0.81 () i 48.60 
3tl i 15.71 I 7.20 8.50 24.70 I 0.823 i 49.40 i 
45 i 24. 9(J • 15.70 . 9.20 33 90 I 0. 753 I 45.20 
(ll\ ! 15.6(1 5.60 10.00 43.<,)0 ! 0.732 i 43 90 i 

75 I 18.0U S.20 9.80 53 -0 I 0."'16 ! 42.96 I 
90 I 16.5t) · 6.30 10.20 63.90 1 0.710 I 42.60 
100 I 21.3ll 16.50 I 4.80 68.70 ! 0.687 ! 41.22 
120 ! 1980 8.60 11.20 -9.9 10.666 1 39.95 I 

TABLE Bll CrLTlVATED LAKD 

IA B ·C ID i ElF .. i G 
I Elapsed 
I Time 

Final Initial 
Reading . Reading 

Water 
Intake 
(B-C) 

Cum. Infiltration Infi!. 
Water Rate Rate 

! 
I 

! 
Intake (E/A) (Fx60) 
(~D 

(cm) (cm) (cm) 1 (cm) (cm) (em/min) I (cmfhn 

10 6.70 ' 6.70 I - ! - I - I -
7.50 ' 6.70 10.80 i O.SO OSO(j- 1 48.00 

. 2 7.00 i 6.50 I 0.50 1.3U I 0.650 1 39.00 I r--

i 5 i 8.50 i 700 I 0.50 1.80 I 0360 I 21.60 I OJ . I 

10 10.70 \ 8.50 i 2.20 i 4.00 ! 0.400 24.00 
I 15 I 12.60 I 10.70 I 1. 90 I 5.90 I 0.393 23.60 

20 i 14.30 ~ 12.60 1. 7(l ! 76() i 0.380 22.80 
I 30 17.50 14.30 I 3.20 ! Ill.8\) I 0.360 21.60 
! 4'::; 1-+.30 . SOO I 6.30 T 17.10 I 03S0 22.80 
I 60 19.30 I 14.30 5.Uu : 22 10 1 0.368 I 22.10 i 
I 75 • 23001 19.30 3.70 I 258u 10344 I 20.64 ! 

I 90 I 1370 I 8.00 5.70 31.50 10.350 21.00 I 
I 100 ! 16.90 1 13.70 3.20 34.70 I 0.347 20.S2 1 
i 120 i 18.60 ! 12.10 I 6.50 ! 41.20! 0.343 I 20.60 i 

TABLE B12 FALLOWED LAND 

"" 



INFILTRATION RATES AT NORNAL SURFACE FOR APRIl. 

A B 
Elapsed : Final 
Time 

I (min) 
in 
I 1 
! 2 

5 
! 10 
I 15 
i "0 I ... 
i 30 
I -\.5 
I 60 

75 
90 
100 
120 

Reading 

(cm) 

:-un 
<) 90 

12.30 
15.S0 
20.50 
2-\.00 
11.80 
20:30 
1 <)20 
18.60 
16.80 
16.20 
22.10 
2 UO 

IC 10 
I Initial 
; 

Water 
Reading Intake 

i (B-C) 

(CIn ) ; (2m) 

~.50 

85U 1.W 
10.90 1. -I-() 

12.30 .3.5(l 
15.80 -\. -:'11 

2n.50 .~5( 1 

6 :'-0 5 5(1 
lUO 8.5() 

i50 11-1) 
7.:'-() 1 11.'n 
550 11~t) 

5.50 to. -t) 

I'"' 20 ; ..l. 9() 

ill.50 11.00 

TABLE Bl ClTL TIVATED L\"'\iD 

E F iG 
Cum. Infiltration i Infi!. 
Water Rate ; Rate 
Intake , (E/A) (Fx60) 
( "0) I I 

I (C1112 . I (CIUITIlIl) 

r - I -
( clll/hn 

1-1-0 I 1 ... lOU 8-1-.00 
::!80 IU()(! 8-\..On 
6.30 I 1.26 75.60 
1 1. O() I 110() 66.00 
1-\..50 I O.<)()- I 58()O 
20i)O ! 10(H J 6000 
::!8.S!) I 0.95il 5 ~ .OU 

I 0.8'!' 5:'-.60 
I () 85S 51 50 
I 08~- 50.::!-\. 
I 0.81- -\.9.00 
! O:S-\. ' -\.-.00 
I 07-\.5 -1--1-.-:'0 

....... 

... 

[s --- - -

lc 
-----

A 'D E F G 
Elapsed I Final ! Initial : Water Cum. I n filtration 1nfii 
Time Reading I Reading I Intake Water Rate Rate 

! I , (B-C) Intake (E./A) l,FxEG) 
~ "0) 

(Inln) (em) (cm) (em) I CIll \ ; Clllmlll' ~'::1l1:~\ 

() I 7.-1-0 i -\..-\.0 ; -
1 I 9.lO ! 7.-\.0 1 ;() 1 -() l.-OU 11.1~ "" f,\ 

2 I to.50 I 9.10 UO :'-.10 1 550 9:- .01) 
5 I 1-\..-\.0 lO.50 • 3.90 -00 1+00 8..1.,00 
10 I IS.50 13.-\.0 5.lO 12.10 1.210 -2.6u 

15 I 22.-\.0 18.50 3.<)0 16nu 11)67 6.+.\·'ln 

::'0 ! 1-\..90 : 9.50 I 5-\.() 21.-I-{) 1.1)7 6..l.21) 

30 I 22.90 i 1-1-.90 : 800 29.-\.0 fl.98 5S.S!! 
-\.5 I lS.90 I 9.70 920 ~S.60 1\.858 5l-\. -

60 21.00 I Y.OO 12.00 50.60 fl.S-\.:; 5\\o,~1 

-5 18.-\.0 8.90 : 9:50 "U.W 1)801 "';'S (is 

90 lS.60 i 7.50 : 11.10 -120 I). -91 .+-+-

100 lS.00 10.S0 '7.20 -S.-\.(\ 'i -S-I- ..!. - .(.-)(1 

120 ! 21.70 -.70 l-\.()n 92.-\.0 1'1.--0 J.6. :I~! 

TABLE B2 F .\LLOWED LA~D 



I:,\TIL TR>\ TIO".; RATES AT i\OR\1.:\L SLRFACE FOR APRIL 

rAB 'C DE f 'IG 
I Elapsed' Final ,Initial Water I, Cum. Infiltration jlnfil. 
i Time Reading Reading Intake i Water Rate I Rate 
'I (B-C) i I~ake (EJA) I (Fx60) 

I (~D) , 
(min) (em) (em) (em) (em) ! (em/min) I (em/hr) 
(J 8.50 8.50 I - ! 

iT 970 8.50 1.~() 1.20 l.200 i 72.00 
1 2 12.90 11.70 un 2-1-0 1.2()O I 72.00 
I 5 15.80 12.90 2.l)() 530 I 1.060 I 63.60 
! lU 19.80 i 15.S0 ·too 9.30 I 0.930 I 55.80 
I 15 23.~0 I 19.80 3·W 12.70 10.S-I-7 150.80 
I 2() I 23)W . 2l.20 2.6(l 15.30 I 0.765 I 45.90 

30 16l)() , 93n !(j(l 22.Sl0 I U.763 i 45.80 
I, -1-51 23.90 15.90 800 3(l90! 0.687 I 4l.20 
, 60 18.00' 8.20 ",UW -I-(J.7n: 0678 I -W,70 

75 15.70 670 : <) O() i -I-Sl 70 \ 0.663 I 39.76 , 
90 : 1680 7.50 : 9.30 59.00 0.656 39.33 i 

I 100 ! 93.33 16.80 I -1-.30 63.30 I 0633 37.98 
! 120 I, 19.90 9.70 ! 1020 7350 I 0.613 ,36.75 i 

TABLE B3 CULTIVATED LAKD 

I A I B : CD' E F -iG- -I, 

I Elapsed II Final Initial Water I Cum. Infiltration I. Infil. I 
II Time Reading . Reading Intake I Water Rate I Rate I 
I I (B-C) i Intake (E/A) i (Fx60) , 
\ \ " ('"D) I, 

I i ............... \ r ........ ,...,,\ I ..... ,.~l 1 .......... ,\ j /,....TrI\ I {,....,. ... ';'t.,'~n' ,/"7,,,,:1"),..\ 
" \ \..111 / ' \ \..111/ I \\..Hl} ,\",.111 , ' \ ...... 111' 'I'Lll.llllllll i \\..llL 111 1 I 

:0 ! 6.50 ' 6.50 , 
! -

, 
, - i -

I 1 i 7.70 : 6.50 1.~O ! 1.~(J I 1.~(){) ! 72.00 

12 ! 8.60 I 7.70 • 0.90 1 2.111 I 1.05() i 63.00 , 
I 5 ' 9.60 ! 7.60 : 2.20 I -1-. 3Cl ',0.860 i. 51.60 
! 10 13.00 : 9.80 : 3.~O i 7.50 I 0.750 ! -1-5.00 
! 15 ! 15.~iO 13.00 i ~.80 1O.3l1 I 0.687 -I- 1.20 
, 20 i IS.20 15.80 • ~.-I-O I 1270 i 0.635 38.10 

1 :iO I 23.30 18.20 ! -1-.10 I 16.80 I 0560 33.60 

: -1-5 : 16.30 
, 

..." .... , 
7.80 I 8.50 I. 25.30 I, 0.562 .)),! -" 

: 60 I 15.40 : 7.80 : 7.60 I E90 i O.5-1-S 32.90 

: 75 ! 22.·H) i 16.4 16.00 I 38.90 1 0.519 31.12 
, 90 I 15.90 i 8.80 i 7.10 I '+6.00 10.511 30.67 

100 ! 19.90 I 15.90 ! -1-.00 I 50.00 'i 0.500 30.00 
120 19.'+0 i 11.-1-0 I 8.00 t 5S.00 I 0.'+83 29.00 

TABLE B4 FALLOWED LAKD 

r 

m 
cx:' 



r'-(FI:'" TR~ TIO" RATES AT l\OR-\1.,\L SL-RFACE FOR l\l.~ Y 

iA B CD E iF 
Ela::sed Final Initial Water Cum. Infiltration 
Time Reading Reading Intake Water Rate 

(B-C) Intake (E/A) 
( ~D\ 

iG 
Infll. 
Rate 
(Fx60) 

(n11n! (cm) (cm) (em) (em) I (Cln/nun) I (cm:11() i 

o 6.80 6.80 I - 1 -
I 1 8.70 7.S0 09() 11.90 i 0.900 I 5-l.00 
i 2 9.10 S.70 () -l() 1.30 I n.GS\) ! 39.0U 

5 1000 9.10 (l9() 2.20 I OHO 26.-l0 
HI 11.20 W.OU 1.2() 3.-l0 i IU-lU I 20.-l0 
15 13.20 11.20 1.UO -l'-+O I n.293 \ 17.60 
20 12.10 11.20 i (i90 5.3!) I 0.265 ! 

13(1 1-l.20 13.10 11(1 (;-lO ! 0.213 12.80 
i -lS 16.60 1-l.20 :: -l() SgO 10.1% 11.73 
I 60 18.20 16.6() Hi() ICUO i () 1 n i lO'-+O 
: 75 lS.50 17.20 1.3() 11./0 i 01So I 9.36 
i 911 19.70 IS.50 1.2() 12.90 i 0.1-l3 i 8.60 

I 

lUI) IH)O 12.90 llO IH)O U.1-l0 8.-+0 
12() 15.80 1-l.()() 1. SO 15.~;o 11132 7.90 

L ... 3:"E B13 CULTIVATED LAI\D 

:A 

. Elapsed 

. Time 

(min) 

o 

2 
5 
10 

: lS 
I 20 

30 
, -lS 

60 
. 75 

90 
I 100 
i 120 

IB IC 
Final Initial 
Reading Reading 

D 
~ Water 
! Intake 
! (B-C) 

IE 
Cum. 
Water 
Intake 

LD 

. F \G 

. Infiltration' Infi!. 
Rate Rate 
(E/A) (Fx60) 

I (cm) (cm) : (em) i (cm) (cllllmin) I (cm/hr) 

i 8.80 i S.80 I - 1 - I -

i 9.70 1 8.80 i 090 I 0.90 0.900 ! 5-l.00 
! 11.20 I 10.70 I 0.50 I IAn ' 0.700 i -l2.00 -I 

12.30 ! 11.20 1.10 ! 2.50 I 0.500 I 30.00 I!§,> 
D.60 12.30 1.30 1 3.80 IUSO i 22.80 I~' 

I 1-l.80 I 13.60 1.20 I 5.00 : 0.333 20.00 
I IS.90 ! 1-l.S0 1.10 i 6.10 i 0.305 18.30 I 
! 17.60 I 15.90 1.70 ! 7.80 0.260 lS.60 I 

I 

I 18.70 i 16.60 I 2.10 I 9.90 ' 0.220 13.20 
I 19.30 I 17.70 ! 1.60 ! 11.50 I 0.192 I 11.50 
i 10.60 I 8.30 2.30 1 13.80 ; 0.18-l 11.0-l I 

I 12.S0 I 10.60 ! 1.90 : 15.70 ! 0.17-l 1O.-l7 
I 
I 

I 13.60 I 12.50 1 1.10 I 16.80 : 0 l68 10.08 

lJ6.U~_ I 13.60 i 2.-l0 I 19.20 I 0 160 9.60 I 

TABLE B14 FALLOWED LAND 



I '.T IL TR.-A. TIO~ R.-A. TES AT "OR.\LA.L SCRFACE FOR 1\1A Y 

iA [Be ID ElF IG--: 

Elapsed I' Final Initial • Water Cum. Infiltration Infi\' 
Time Reading Reading; Intake . Water Rate Rate 

I 
: (S-C) Intake (E/A) (Fx60) 

I (~D) 
(min) (em) (em' (em) (cm) ! (cm/min) I (cm~lrl 

o 850 8.50 I -
I 9.30 ; 8.50 : 0.80 . 0.80 I 0.800 ! -l8.00 

: 2 r 9.80 ; 9.30 ' 0.50 UO I 0.650 \ 39.00 
: :; : 11.80 10.80 1.00 2.30 : O.-l60 I 27.60 
: 10 \ 13.00 11.80 1.20 I 3.50 ! 0.350 i 21.00 
! 15 !1-l.1O 13.00 '1.10 ' -1-.60 I 0307 i 18.-+0 
! 20 I 15lli 1-1-.10 1.00 :;60 : 0.280 16.80 
I 30 I 16.8U 15.10 I 1.70 7.30 I 0.2'+3 I 1'+.60 
: .+5 I 1880 16.80 ' 2.00 '-).30 I 0.207 I 12.'+0 
: 60 119.60 i l7.80 1.80 11.10 i 0.lS5 i 11.10 
i 75 8.70 i 6.00 i 2.70 ,13.80 I O.IS'+ ! 11.0.+ 

12.00 i 9.70 i 2.30 16.10 I 0.179 I 10."73 
12.30 11.00 ! 1.30 I 17.'+0 I 0.17.+ I 10.-+.+ 
1.+.90 I 12.30 i 2.60 i 20.00 ! 0.167 I 10.00 

TABLE B15 CULTIVATED LA1"D 

!A \B C iD IE \F iG 
Elapsed Final Initial ' Water Cum. Infiltration Infi\' 
Time Reading Reading Intake Water Rate Rate 

, (B-C) Intake (E/A) (Fx60) 
( ~D) 

i (min) I (em) (cm) i (em) i (cm) i \cITIInurl) - 1 (cmJ1lf) i 

,0 16.00 ' 6.00 I I , -I - -
I 1 7.20 G.OO : 1.20 1.20 i 1.200 I 72.00 , 

I 

2 I 9.20 · S.20 i 1.00 I 2.20 i 1.100 66.00 ! 
5 9.50 · -.20 i 2.30 -\..50 I 090U 5'+.00 I 
10 12.30 ; 9.50 I 2.80 ! -30 I 0.730 -1-3.81 I 

! 15 I 1.+.60 : 12.30 i 2.30 I 9.60 1 0.6-\.0 38.'+0 i 
20 16.:;0 J-\..60 \ 1.90 I 11.50 i 0575 3.+.50 i 

30 20.60 i J 7.50 I 3.10 1-\.60 \lU87 29.20 i 
.+5 1.+.30 · -.60 i 6.70 121.30 : lU73 28.+0 , 

I 60 lS.S0 1.+.30 I '+.50 25.80 : o.·no 25.S0 't 

75 22.20 i 18.80 i 3.-+0 I 29.20 I 0.389 23.36 ! 

90 1'+.20 I 9.20 ! 5.00 3·+.20 Iluso I 22.S1 I 

100 16.90 1 .. 1.20 ! 2.70 ~6.90 I 0.369 22. I-\, I 

120 20.70 16.90 I 3.80 -1-0.70 I 0.339 I 20.35 \ 

TABLE B16 FALLOWED LAND 

-< 
:7'\ 



r\:FlL TRo\. T10,-; R.o\. TE:: AT I'OR\1AL SURFACE FOR \1A Y 

A B C 'D E IF G 
Elaosed Final Initial i Water Cum. Infiltration; Infil. 
Time Reading Reading! Intake Water Rate Rate 

! (8-C) Intake (EJA) (Fx60) 

c:m 
(mini (em) (em) (cm) (em) (em/mm) (cm hI! 

io 700 7J)O I 
I -

- - ~.(i; - - --S,()(j----i 1.00 -T1]o-- -. 1.000 i 6000 

2 <;).'+0 9.00 \ U'+O : l.'+(i I (J.700 i '+2.nt) 
5 HUll 9.+0 1 0.90 2.30 i 0.'+60 I 2760 

I . 
lli 11.6(1 \(UO : 1.30 3.60 i 0.360 : 21.6U 
15 127(\ 11.60 ! 1.10 I '+.70 \ 0.313 : 18.80 

i 2(\ 13.6\1 12.70 i Cl90 5.60 0.280 16.80 
i 30 1'+.20 12.60 : 1.6() "720 0.2'+0 l.t.+\) 
P 1 i3l1 l.t.20 :i. 10 : 103u 0229 ! 13.-::; 
I 60 2U.OO 17.30 2.70 : l:>.OU ()217 13 Oil 
175 20'+(1 1<;).00 1..+U i l.t'+O 0.192 11.52 
I <;)U 9.l)U 7.70 2.20 16.6U O.lS'+ lUi; 
I 10(1 11.9U 9.90 2.00 i lS.6u 0186 1116 
1}2() 16.0() 11.<;)0 1.+.10 122.-:(1 iOW9 11.35 

TABLE B17 Cl.1..TIVATED U .... '\D 

A 'B !C 
Elapsed I Final Initial 
Time i Reading Reading 

D 
. Water 

Intake 
(8-C) 

E 
i Cum. 
• Water 

Intake 
i (~D 

: FiG 
Infiltration \ Infil. 
Rate I Rate 
(EI A) I (Fx60) 

I 

I 
(min) \ (em) (em) (em) I (em) \ (em/nun) I (em/hr) 

\ 0 I 6.20 6.20 I - I - I -
! 1 I 6.80 I 6.20 ' 0.60 ; 0.60 I (l.600 --I 36.0Cl 
I 2 I 9.70 I 8.S0 . 0.90 1.50 I .+5.00 

I 5 10.:>0 \ 970 ! 0.60 I 2.10 25.20 
I 10 11.60 i 10.30 1.30 3.+0 I 20.'+\1 

15 12.90! 11.60 I 1.00 ' '+.'+0 i 0.293 117.60 i~ 
20 13.90 16.20 ! 12.90 1.00 5.+0 

I 30 13 YO 1.90 126U 

\ .+5 lU\u 2.10 11.20 

TABLE B18 FALLOWED LAND 



l:-:fIL TRATI0,>: R.A. TE AT '>:OR.\lAL Sl"RFA(E FOR \1A Y. 

lA iB 'C D E F iG 
: Elapsed I Final : Initial Water Cum. Infiltration i Infi\' 
! Time 1\. Reading : Reading Intake . Water Rate : Rate 
Ii, (B-C) Intake (E/A) I (Fx60) 

! I: ( i::0) 
I (mIDI i (em) i (em) (cm) , (em) : (em/min) ,(cm/hn 

i U I S.50 i 8.50 : - I -
I I I lO+U i 8.50 1.9u 1.90 1.900 : 11+.00 
: 2 i 13.2U I 11.+(1 1.8(J . 3.70 1.850 I 111.00 
i 5 I "7 ... +U i 13.211 +.2U ' 7.9U 1.580 i 9 .. L80 
I I 
; II) 15.50 \ 8 ... +0 7.10 15.00 1.500 i 90.00 

15.20 ! 8.30 ' 6.90 ,21.90 ! 1.+60 I 87.60 
15.0u i 8.20 6.80 ; 28.7() 1.+35 : 86.10 

I 8.00 1 UW : +0.50 1.350 I 81.00 
i 21.511 +80 167(l. 57.20 1.271 i 76.27 

; til.1 ! 23.30 : G.80 165li -:':U() 1.228 73.7() 
i -:5 I 25.70 ! 12.10 1:'.60· 87.30 1.16+ 69.8-1-
I 91.1 ! 20.1(1 i 6.6U 13.50 100.80 1.120 67.20 

llll' i 13-1-0 -1-.-1-0 ' 900 109.80 1.098 65.88 
I 12(1 I 22.9U 7.30 15.60' 125.-1-0 1.0+5 62.70 

TABL::: B19 CULTIVATED LA,.1\;D 

A 
Elapsed 

I Time 

B 
Final 

: Reading 
I 

C D 
Initial Water 
Reading Intake 

(B-C) 

~E ~F iG 
Cum. Infiltration Infi!. 
Water Rate Rate 
Intake (E/A) (Fx60) 
( 2:0) 

(min) ',(cm) (cm) (cm) (cm) I (em mill I i (cHl!hn 

o I 7.00 - . 00 1 - ! - I -
1 ; 8.70 ' -.00 1.70 1.-:0 I l.7U() I 102(l(i 

2 9.90 S.70 1.20 2.9n U5n 8 Hill 
5 13.70 Ill. 90 I 2.80 5."'0 l.l-l-O i 68.-1-0 
10 16.1() 12.70 i 3.-1-0 910 : ()l)j() 5-1-.60 
15 : 12.10 -.80 : -1-.30 13.-1-0 \ 0.893 53.60 
20 I 1-1-.10 11.10 i 3.00 16-1-0 I 0820 I -1-9.20 
30 1-1-.20 8.00 i 6.20 22.60 I 0.753 I -1-5.20 

I 45 20.70 1-1-.20 . 6.50 : 29.10 0.6+7 38.80 

! 60 17.1 () 10.90 : 6.20 i 35.~O 0.588 35.30 

I 75 13 -1-0 6.30 i 7.10 ! +2-1-0 0.565 33.'1~ 

I 90 16.50 10.00 ! 6.50 i -1-8.90 05-13 326u 

lIOn . 20.00 16.50 ' 3.50 : 52.+0 0.52-1 31+-1 

[ 120 i l7.20 9.60 i 7.60 I 60.00 i 0.500 I 300U 
- --

TABLE B20 FALLOWED LAND 

-:--



I'\."tIL TR.t.. TIO'\ p~:.,. TES AT ,\OR\lAL SCRFACE FOR l\tA Y 

A 
Elapsed 
Time 

B 
Final 
Reading 

C 
Initial 
Reading 

D 
Water 
Intake 
(B-C) 

E iF i G 
Cum. Infiltration Infil. 
Water Rate Rate 
Intake (E/A) (Fx60) 
( ~D) 

(lUl11 ) ~ em) (cm) ( em ) I em) f(CnVInln}-r(cm'ill:) -I 
o : 6.90 6.9() I - I - i 

8.8U 6.90 1.9() 1.9U 11.900 i 11-1-00 
:2 1 LOll \).80 l20 ;.1(1 : 1.550 i 93(H) 

5 13. \)0 1100 ' 2 \)0 (1.00 I 1. 2 00 

III 18.00 13 \)0 ' -U 0 1 o. 10 Ull 0 

: 15 21.5() 18.U() 3.50 U.t>o I 0.907 

I 20 HUO 5.30 500 18.60 0.930 

I 30 18.10 10.30 ""'So 26-1-() i 0.380 

I -1-5 1650 -1-.So 12()(I '.8-1-1l I 0.853 ! 51.20 

I 60 17.5U 6.80 10 70 -1-\) 10 I luns I -+9.10 

75 1/.60 1.50 IO.to 59.2() \ 0789 i -+7.36 
I 

90 17.20 7.60 ' \).60 6881l I 0.76-+ ! -+5.87 
lOu 1-+.0u 7.60 • (,-1-0 ~5.20 I 0.752 I 45.12 

12U IS.50 7.00 I IUO 86.-u 0."'23 I -+3.35 

TABLE B2l CC,-Tl VATED LA1\D 

ABC !D IE iF IG 
Elapsed. Final I Initial Water Cum. Infiltration Infi\' 
Time i Reading i Reading Intake Water Rate Rate 

. (B-C) Intake (E/A) (Fx60) 
. (~D) 

(min) : (em) I (em) I (em) i (em) i (cm/min) I (em/hr) I 

, 0 ! 5.80 ! 5.80 i-I - \ - I -
1 , 7.60 ; 5.80 I 1.80 i 1.80 i 1.800 I 108.00 I 

2 , S 80 i i.60 \ UO • 300 i 1.500 i 90.00 

5 I 12.70 i 9.80 I 2.90 ! 5.90 : 1.180 70.80! 

10 I 16.-+0 ! 12.70 I 3.7n i 960 I 0.960 57.60 J "" 
15 i 19.60 I 16.-W i 3.:1(1 : 12.8U I 0853 51.20 10' 

I 20 \ 11.50 \ 7.50 I -1-.00 i 16.80 \ 0.840 I 50AO I 
. 30 l°rsO: 11.50 I 6.00 • 22 80 I 0 760 i .J.5.60 

-1-5 '2-1-50 I 17.50 i 7.00 I 29.80 I 0.662 ! 39.73 I 

: 60 : 18.20 I 9.50 I S.70 I 38.:'0 I 0.6-1-2 3S.50 i 
-5 16.00: 9.00 I 7.00 • -1-5.5U I 0.607 36.-1-0 i 

I 90 I 16.20 i 9.-+0 I 6.80 ! 52.30 I 0581 3-LS7 1 

\ 100 i IS.00 I 1-+.20 I 3.80 56.10 I 0.561 I 33.66 I 
: 120 I 15.80 I 7.S0 18.00 6-1-.10 I 0.53-1- I 32.05 i 

TABLE B22 FALLOWED LAND 



I~TE.. TR:HIO)\; R .. \ IT AT ~OR\1AL St'RF :\CE FOR l.L-\ Y 

i A . B I C 
Elapsed . Final Initial 
Time : Reading Reading 

D 
Water 
Intake 

• (B-C) 

i E ! FIG 
Cum. . Infiltration . Infi!. 

i Water Rate Rate 
Intake (ElA) (Fx60) 
(ID) I 

I (mini i (cm) . (cm) : (em) i (em) (eIllfmin) I (eIllf1H) 

I 0 I 7.30 i 7.30 i -
i 1 : 8.-1-0 i 7.30 1.10 : 1.10 1.100 i 6600 
I 1 i 9.30 I 8.-W : 0.90 i 1.00 ) 1.000 i 60.00 
i 5 i 10.-1-0 • 8.30 ! 1.10 I -1-.10 I 0.820 I -1-9.10 
i lU I 15.10 12.-1-0 I 2.70 ! 6.8U ! 0.680 I -I-0.8() 
I 15 I 18.30 16.10 i 1.20 i 9.00 I 0.600 I 36.UO 
I 20 I 17.10 15.30 : 1.80 i 10.80 i 0.5-1-0 31.-1-0 

30 I 20.90 18.10 ! 2.80 ! l3.60 0.-1-53 I 27.20 
-1-5 1-1-.60: 8.00 i 6.60 i 20.20 ! 0.H9 I 26.93 
60 I 19.-1-0 i 1-+.60 i -\-.80 i 25.00 i 0.-1-17 I 25.00 
75 I 10.80 : 17.-1-0 3.-1-0 I 18.-I-U 0.79 I 21.72 
90 15.70: 9.50 6.10 ! 3-1-.60 0.38-1- I 23.07 
100 i 16.90 13.70 3.20 i 37.80 0.378 ! 12.68 
110 : 20.70 15.90 i -1-.80 \ -1-2.60 I 0.355 i 21.30 

TAB-:"::: 323 CULTIVATED LAND 

A 
Elapsed 

I Time 

\ B I C . DiE 
Final Initial Water Cum. 
Reading Reading' Intake Water 

i (B-C) Intake 
; (ID) 

. FiG 
Infiltration Infi!. 

i Rate Rate 
i (E/A) ! (Fx60) 
• I 

: (min) i (em) i (em) • (em) I (em) ! (erwmin) (emlhr) 

! 0 i 8.50 I 8.50 i - I - I -

! 1 10.00 i 9.50 ! 0.50 I 0.50 i. 0.500 30.00 
::: 10.30 10.00 i 0.30 I 0.80 i 0.-1-00 1-1-.00 

1 5 10.80 10.30 0:'0 I 130 0.260 15.60 
! 10 11.50 10.80 : 0.70 I 200 I 0.200 I 12.00 L1\ 

I 15 I 12.00 I 11. 50 : 0.50 2.50 : 0.167 ! 10.00 ! "" 
: 20 ! 12.50 I 12.00 I 0.50 300 0150 I 9.00 t 

t 30 i 13.30 I 12.50 i 0.80 3.80 i 0127 i 7.60 I 
! -1-5 i 13.-1-0 I 12.30 : 1.10 I -1-.90 I 0.109 I 6.53 I 
1 60 6l i 1-1- .-1-( \ 1-1-.-1-0 I 13.-1-0 13.-1-0 i 0.90 0.90 I 5.80 8( I 0.097 ! 5.80 I 

i 7:' i 15.10 1-1-.30 ! 0.90 I 6.70 I 0.089 ! 5.36 
i 90 ! 16.9() 16.20 • 0.70 . 7.-1-0 i 0082 i -1-.93 

: 100 I 17.30 16.90 i 0.-1-0 i 7.80 : 0.078 I -1-.68 
120 18.10 17.30 10.80 18.6v :lI.lIu: :-Ull 

TABLE B24 FALLOWED LAND 



I"-TL TR..A. TIOl' R.-\ TE AT ~OR.\lAL SCRF.-\CE FOR JL'~E 

iA IB C D E F 'G 
ElaDsed 'I' Final Initial Water Cum. Infiltration i Infil. 
Time Reading Reading Intake Water ,Rate iRate 

I (B-C) Intake (EJA) : (Fx60) 
I (~D) I 

(111m) I (em) (em) (em) (em) (em/min) I (em/hr) 
() I 13.70 13.70 i -
1 l·tOO 13.70 0.30 r1.30 0300 ! 18.00 
2 I l-UO 1-+.00 0.70 1.00 '. 0.500 I 30.00 

! 5 I 15.80 1-+.70 1.10 2.10 . 0·+20 I 25.20 
10 118.50 16.80 1.70 :'.SO 0.380 i 22.80 

i 15 20.10 18.50 1.60 5-1-0 ' 0.360 ! 21.60 
120 20.70 19.10 1.60 -00 0.350 i 21.00 
i 30 ! 14.50 10.50 -+'00 11.00, 0.367 I 22.00 
I 45 19.90 1-+.50 5.-1-0 16'+0! 0.36-1- t 21.87 
: 60 1-+.30 9.50 -(SO 21.2(\. 0.353 i 21.20 

75 16.80 12.30 -UO 25 70 0.343 i 20.56 
! 90 13.0U 8.00 5.00 30.70' O.3-H I 20-1-7 

lUll 15.90 13.00 2.90 33.60 U.336 : 20.16 
l2i' 20.5() 15.90 4.60 38.20 031S I 19.10 

TABLE B25 CLLTIVATED LAND 

A 
Elapsed 
Time 

(min) 
o 

, 
5 
10 
15 
20 
30 

I -+5 
60 
75 

, 90 

100 
110 

B C : D : E ! F 
Final Initial Water Cum. Infiltration 
Reading Reading Intake Water Rate 

(B-C) Intake (EtA) 
I (2:0) 

G 
Infi!. 
Rate 
(Fx60) 

(em) i (em) : (em) ! (em) I (em/min) ! (em/hr) 

12.80 1280 I - i -
15.30, 1380 i 1.50 il~(ln--! 1.50 ! 90.00 

16.50 15.30 ! l.20 1 2.70 I 1.35 1 81.00 
19.50 16.50 3.00 5.70 i 1.14 i 68.40 . ~ 
22.70 IS.50 4.20 9.90 ! 0.990 \ 59.40 '. ~ 
15.70 11.00 -+.70 1-1-.6() 1 0.973 ! 58.+0 
20.20 1:"0 I 4.50 I 19.10 i 0.955 I 57.30 -, 

! 27.50 2(1.20 7.30 I 26.-+0 I 0.880 i 52.80 
23.80 16.50 ! 7.30 I 33.70 I 0.7-1-9 
1550 550 10.00 I '+3.70 I 0.7.28 ! '+3.70 
16.00 -OIl ! 9.00 I 52.70 ! 0703 ! 42.16 --I 

! 16.50 • :.50 I 9.00 161.70 10.686 1-+1.13 
20.60 1:' 50 : 5.10 i 66.S0 I 0.668 : .+om; 
"" - -''') ---1---·-----1 -- ,..., '""'-..:-1-.)0 Lbl 11.90! 7870 ! O.6)() I _)9 .. ') 

TABLE B26 FALLOWED LAND 



P.-.Tll.. TR:HIO}: RATES AT ~OR\L\L Sl""RFACE FOR JL~T 

~~ --B------C D E F iG 

iEiapse-d-· Final - - -Inftial Water: Cum. Infiltration Infil 
! Time Reading Reading Intake ; Water Rate Rate 

(B-C) Intake, (EJA) (Fx60) 
________ _______ :(~D) 

i (mm\ (em) (em) (em) , (cm) I (em'lmn) i (emiJlf) 
I n 1':l'i(1 12.80 : -

1310 12.80 0.30 I 0.30 i 0.300 18.00 
i , 13.~CI 13.10 0.20 i 0.50 : 0.250 15.00 
~ 1:::.70 13.30 0."+0 0.90 i 0.180 10.80 
III I 15.~O 1"+.70 . 0.60 UO I 0.150 I 9.00 

! 15 16.00 15.30 0."70 2.20 f (),l.p I 8.80 
21' 1- "7(1 ]6.00 . 0."70 2.90 : 0.1-1-5 . 8.70 
3(1 1- 1 () 15.70 . 1.-1-0 -1-.30 I 0.1-1-3 i 8.60 

! -1-5 19.0U 17.10 1.90 : (l.20 i 0.138 i 8.26 
i 60 I 12.~j() 10.70 1.10 i 7.~O I 0 122 I 7.30 
, -5 1680 1-1-.80 '. 2.00 : 9.30 i 0.12-1- i 7.-1--1-
i 90 1650 1-1-.80 i 1."70 11.00 I 0.122 I 7.33 
! lOll j-3() 16.50 OSO I1.S0 10.11S i 7.88 
, 12(1 '18.8() 17.30 ISO ]3.3() 10]]1 ! 6.65 

TAB::"E 327 CLLnVATED LA~D 

A 
Elapsed 
Time 

'B 
Final 
Reading 

C 
Initial 
Reading 

D 
Water 
Intake 
(B-C) 

E F iG 
Cum. Infiltration Infi!. 

. Water Rate Rate 
: Intake (EJA) (Fx60) 

( ~D) 
(min) (em) (em) (em) i (cm) (emJmin) (em/hr) 

o 9.50 950 
! 9.70 9:'11 0.20 i 0.20 i 0.200 i 12.00 

, 11.00 10. -0 (130 ' 0.:'0 I 0.250 I 1500 
5 I 1 UO 11.00 0.50 1.00 I 0.200 I 12.00 
10 12.30 11.5(l (l.80 ! 180 10.180 110.80 
I:' 12.90 12.3\1 (l.60 ~ 2-1-0 I 0.160 I 9 .. 60 
20 12.:'0 11.9\1 0.60 • '00 i 0.150 i 9.00 ' 

I 30 13.60 12.:'1I 1.10 I ·un I 0.137 I 8.20 
t I ---< 

\ -1-:' 1:'.10 13.60 1.50 i 5.60 ,0 12-\' i 7.-1-7 
60 ! 15.:'0 j-\.]U 1-1-0 i I.UO 10.117 7.00: 
7:' I li.SO 1(1.:'0 130 .8.30 10.111 6.6-1- i 
90L 9.30 1.80 1.50 ! 9.80 10.109 6.53 II 

IOO I 9.60 8.30 130 11.10 I 0.111 I 6.66 I 
12U 1190.960 2.30 13-1-u 10.112 t 6.70 ' 

TABLE B28 FALLOv-.'I:D LA~D 

r-... 
0\ 



. I~FIL TR.A. TIO~ RATE AT ~OR.\1AL SLRFACE FOR Jl-~E 

A .B C D E 
Elapsed i Final ~ Initial Water Cum. 
Time I Reading Reading Intake Water 

I (B-C) . In!ake 
"--__ '_ ____ C",O) 
~min) i (cm) ! (cm) (cm) (cm) 

:0 l1.~O 1130 

F 
Infiltration 
Rate 
(EtA) 

G 
Infi\' 
Rate 

. (Fx60) , 

( cmhni 11 ) ( cm1u) ! 

12.~(j ! 1130 1.30 . 130 1300 . 78.00 
i :2 i l~.U(l 12~(1 0.70 2.00 1.000 60.00 

:; 16.UU l-U)(I 2.UU . ·+'00 1I.800 : -+8.00 

III : 18.80 160U 2.80 ' 6.80 (\680 ' -+U.8U 

1:' ! 21.20 18.88 2.-+0 9.20 (\61~ 36.80 I 21.20 18.88 
I 12.]0 9.3U 2.80 12.00· 0.600 : 36.00 

[) I 12.10 :'.10 17.10 (\570 . 3-+.20 , 1 "7.2() 12.10 
-+:' : 22.6() ! 17.2(1 :'-+0 22.:'0 ('SOO 30.0ll 

6\1 ! Hi.l0 i 8.80 7.30 29.80 0-+97 i 29.80 
~:' i 20.80 I 15.1(1 :'.70 35.:'0 tUn . 28.-+0 
90 l3.:'U, 6.50 7.00 ' -+2.50 (U72 . 28.~~ 

lUI) 1-'.5U, 13.50 -+.00 i -+6.50 l',-+65 : 27.90 

120 19.10 i lCU(1 8.-+0 ' 5-+.90 (U58 ' 27.-+:' 

TABLE B29 ClJLTIVATED LA};"D 

A 'B C D i E F lG 
Elapsed Final Initial Water Cum. Infiltration Infi\' 

: Time Reading Reading Intake Water Rate Rate 
, . (B-C) I Intake i (EtA) (Fx60) 
. 

( "'0) 
; orrin) I (cm) , (em) (cm) i (cm) I (cm/min) (cmfhr) 
.0 : 7.80 -.80 - 1 - \ - -

! 8.60 -.80 0.80 I U80 ! 0.800 ! -+8.00 
2 i 9.20 8.60 0.60 I 1-+0 I 0.700 \ -+2.0(1 

, :' 11.60 HUO 1-+0 : 280 33.60 ~ 
; 10 13.70 11.60 '2.10 \ -+.90 29.-+0 

I:' \ 15.70 13.70 2.00 i 690 I 27.60 
i 20 ! 16.10 ,1-+.70 1.-+0 ! 8.~O 2-+.90 
i 30 120.00 17.10 2.90 11.20 22.-+0 
• -+:' 11.90 -.30 . -LbO 1 1:'.:'0 I 21.0"7 

; 60 15.00 10.90 . -+.10 i 19.9() 19.90 

i 7:' 18.60 1:'.00 3.60 ' 23.:'() I 18.80 
I 90 1-+.70 11.20 . 3.50 ; 2"7.0u I 18.011 

I 100 17.00 1-+.70 2.30 ; 29.30 : 0.293 I 17.58 

i 120 16.50 11.50 : :'.00 i 3-+.30 ! 0.286 17.1:' 

TABLE B30 FALLOWED LAND 



I'."FIL TRA TIO'." R.-\ TES AT ,\OR.\LA.L SLKFACE FOR Jl~E 

A iB C D ElF I G 

• Elapsed I Final Initial Water 
I Time : Reading Readmg Intake 

Cum. Infiltration Intil. 
Water Rate Rate 

(B-C) Intake (EtA) (Fx60) I 

(~D) I 
i (mIni I (em) (em) (em) (em) (em/min) 1 (em/ll[) 
! 0 I 8.30 8.30 ! -
! 1 I 9.50 830 1.20 l.20 l.200 I 72.1l0 
i 2 ! 1l.:'0 HUO 1.00 2.20 1.100 I 6600 
: :' i 13.1(1 10.5u 260 -+.80 ! 0.960 I :'-60 
: Hi i 16.l'\O 13.ll' 3.70 8:,n i 0.850 5100 

I.' ! 19.0() l:'.~U 3.20 11. -:'0 I n.780 -+6.80 
! 2(1 I 12.00 1000 2.60 1-+.30 I 0.71:' -+2.90 
1 ~u i 15.30 8.50 G.80 21.10 i 0.703 -+2.20 

-
-+:' ! 21.50 1-+.3() - -"7.20 -

28.30 I 0.629 I 37."73 
GC' 15.W 6.80 8.80 37.10 10.618 lrTI) 

19.60 11.5(1 I.SO H.90 [(.)599 I 3.'92 
9(\ 1-+.:'0 5.60 S.90 53.80 i 0.598 I 3:,S7 
lUI.! 19.10 1-+. :'U -+60 58.-+0 I 0.58-+ I 3:,il-+ 
12! I IS 10 810 Jl)OO 68-+0 ;J)571~ _ i3-±20 

TABLE B31 CULTIVATED LAND 

: 
: 
I 
I 
I 

i 

A I B i C DIE I F -1 G 

Elapsed 
. Time 

Cum. Infiltration Illnfil. 
I Water Rate Rate 
\ Intake (EtA) \ (Fx60) 
I (1::0) _ 

: (min) I (em) I (em) : (em) i (em) (em/min) I (em/hr) 
: 0 I 8.20 ! 8.20 i-I _ I 

: 1 I 9.30 I 1.10 I 1.100 66.00 
: 2 10.30 1.00 i 2.10 I 1050 . 63.00 
: 5 13.80 ! 2.50 : -+.60 i 0.920 ! 5:'.20 
: 10 17.-+0 i 13.80 3.60 I 8.20 ! 0.820 I -+9.20 :;: 

15 j 20.-+0 ~ 17 AO ! 3.00 11.20 I 0.7-+/ -+-+.80 i 
I 20 I 17.10 i 1-+.-+0 ; 2.70 D.90 i ()695 -+ 1.70 I 

. 30 I 13.80 I 7.00 i 6.80 20.70 10690 -+ lAO I 
I -+5 I 21.50 i 13.~O 1 7.70 28.-+0 I 0.631 37.87 I 
: 60 1-+60 I 5.30 : 9.30 ! 3/.70 I 0.628 I 37.70 
, ;) 20.60 I 13.60 • 7.00 - ~.f70 - TO.596 i 35.76 I 
i 9(l 16.00 ! /.90 : 8.lO : 52.80 I 0587 35.20 I 
: 100 19.-+0 I 15.00 i -+ AO I 57.20 ! 0.572 3-+.32 I 
. 12l) _I 20.}0_ i 1l.80 8.90 i 66.10 i 0.551 33.05 I 

TABLE B32 FALLOWED LAND 



j,,::-II... TR.A.. TIO~ R.A.. ITS AT ~OR.\lAL SG'RFACE FOR JL?\."C 

A iB C D E iF G 
=Iapsed Final Initial 

Reading 
Water 
Intake 
(B-C) 

: Cum. Infiltration Infi!. 
Time Reading . Water Rate Rate 

Intake (EtA) (Fx60) 
i (ID) 

ImIDI I (cm) (em] __ JCJ!ll_ _ (em) (em/min) (em!hr)! 
I.' I 12.20 12.20 : -

, 12.5U 12.20 0.30 I 0.30 ! lUOO 18.00 
., ..,. .., _. --:-"1- ---..,---. 

i L.6U L.)O CUO 0.-+0 I 0._00 L..OO 
~ i 21.8C) 12.60 0.20 0.60 i lU20 7.20 
1(1 13.20 12.80 0.-1-0 : LOU I 0.100 6.00 
15 i 13.30 12.80 . 0.50 1.50 0 100 6.00 
2() U.}() 12.70----:0.-1-0-- -1.90 )0.095 5.70 

?U I 13.% 13.10 0.80 2.70 I 0.090 5.-1-0 
'-'i "T. 15.20 13.90 UO . -1-.00 I 0.089 5.34 
00 ! 16.2Ci 15.20 1.00 . 5.0n I 0.083 5.00 
-~ I 17(H) 16.20 . 0.80 -~ 5.80- - I 0~073 - 4.38 --1 
90 i 12.00 11.00 1.00 i 6.80 I 0.076 . 4.56 
lUi, 12.70 12.00 0.70 7.50 i 0.075 4.50 
L'(, I D.2() 11."70 1.50 i 9.00 icf075- -4.50 --

TA.BLE B33 CVLTIVATED LAl\"'D 

IA ·B IC ·D iE ~-_-JG 
I Elapsed Final Initial • Water ! Cum. Infiltration Infil 
II Time Reading Reading' Intake : Water Rate Rate 

I (B-C) : Intake (EtA) (Fx60) 
I I! (ID) 

I 15 I 16.60 
20 i 17.30 0.15.:' 9.30 
30 18.50 ! 17.30 0.143 8.60 
45 18.10 T 16.50 0.131 ! 7.87 

I 

60 16.50 
75 15.10 

15.10 
i 13.5U 

0.105 i 6.30 
I 

0.105 6.32 
90 16.70 ! 15.10 0.106 6.:\3 

lOO 1870 I 17.70 0.105 I 6.30 
120 19.50 17.70 o 103 I 6.15 

TABLE B34 FALLOWED LAND 



I".TIL TR.A.TIO,\; RA TE AT ,\;OR.\1AL SLRFACE FOR JL']\;E 

!A 
Elapsed 

i Time 

IB C D 
Final Initial ! Water 
Reading . Reading Intake 

• (B-C) 
I 

(n11nl I (cm) (em) , (em) 

~ 0 L' . .:'ll 13.S0 , -

E F 
Cum. Infiltration 
Water Rate 
Intake (E/A) 

(LD) ___ ~_ 
(em) (em/mm) 

G 
Infil. 
Rate 
(Fx60) 

(em/hr) 

! 1 1-+. "7(1 13.S0 ~ 0.20 0.20 . 0.200 12.UO 
i 2 1-1- ~(I I-UO i 0.00 0.20 0.100 6(1) 

.:' 1-1-.8(1 1-1-70 I 0.10 0.30 0.060 3.61\ 
i 1\) I:,O{) 1-1-.8() i 0.20 O.SO . 0.050 3(1(1 
i 1:' ! 1.:'.2(1 'IS.00 I 0.20 0.70 0.0-1-7 2.~11 
! 2(1 i 1:'3(1 IS.20 i 0.10 O.SO O.O-Hl 2.-1-n 

i 3)1 1:'.80 IS.30 i O.SO 1.30 • 0.0'+3 2.60 
I -1-.:' 1-.3(); 1.:'.80 i 1.150 2.S0 • 0.062 3.-3 
! 0\1 1:"'.8(1 1-1-.30 1.150 ·UO , 0072 -1-.3Ci 

i ~:' 1-.3U, 15.80 1.50 5.80 . 0077 .+.6'+ 
I 911 L>3(j 11.00 I 1.30 7.10 ' 0.079 .+.-3 
I hili 13.2U 12.30 1 0.90 8.00 . 0.0800 .+.SI) 

: 12" 16.0U 1'+.20 ,1.S0 9.S0 . 0.OS2 .+.90 

TA.BLE B35 CULTIVATED LA11) 

I A B - -C - - - - - D - -- - i E- - -l-F - - - - \ G 

Elapsed Final Initial Water Cum. Infiltration Infil. 
Time Reading Reading Intake Water Rate Rate 

(B-C) Intake (EtA) (Fx60) 
( ~D) 

I (min) (em) (em) (em) i (cm) (em/min) (emfhr) 

10 13.00 13.00 - \ - - I -
1 13.'+0 13.00 (U() I O.+u 0.400 2'+.0U 

l2 13.60 13.'+0 0.20 '1 ()GO 0.300 I IS.00 

I S 14.10 13.60 0.:"'0 : 1.10 0.220 13.20 
, 

I 10 14.80 1'+.10 U.70 I 1.80 I 0.IS0 10.80 
.-; 

c 
IS 15.30 1'+.80 U50 I 2.30 , 0 153 9.20 ........ 

I 20 ' IS.80 1S.30 () :"iC) I l.SU 0.1'+0 8.+0 

30 16.60 15.80 1.10 I :;.90 0.130 I 7.S0 i 
I 

.+5 18.00 16.60 1..+0 I 530 lUIS 7.07 

I 60 IS.30 17.00 1.3U ! 6.GO 0.110 6.60 

7S 12.00 1ll.SO l.5() i S.lO 0.10S 6 . .+S I 
90 13.60 12.00 1.60 I 9.7(l 0.108 6 . .+ 7 ! 

100 14.70 13.60 1.10 I 10.80 0.108 6.'+8 

i 120 16.S0 1.+.70 1.80 I 1260 O.lOS I 6.30 : 

TABLE B36 FALLOWED LAND 



I"\~IL TRA.TIO"" R-:""TE AT ""ORM.Al- SL""RFACE. FOR JUJ'.;c 

A 'B C ·D iE -:F-------;G 

; ::'la8sed Fmal Initial i Water I Cum. llnfiltration Infi!. 
Time Reading Reading Intake I Water : Rate • Rate 

(B-C) I Intake I (E/A) : (Fx60) 
I ( 2:0) i . 

i (mIDI '(:::m) : (em) : (em) I (em) ! (eIn/min) '(eInlhn 

10 :-:-.30 1/.30 i- 1- ,-
I 1 9.30: 8.30 i 1.00 ! 1.00 I 1.000 ' 60.00 

, 2 Il'.oW: 9.30 1.10 I 2.10 i 1.050 ' 63.00 

, ~ l.:;.O() I 9-+(J : 2.60 I -+.70 I 0.9-+0 . 56.-+0 

I H) 160U 12.00 I -+.00 ! 8.70 ! 0.870 i 52.20 

\ 15 19.2U! 16.00 i 3.2n ! 11.90 i 0.793 i -+7.60 

i 20 • 22.0U : 19.211 ! 2.80 i 1-+.70 i 0.735 1-+-+.10 

: 30 1~.2U i 7.90 : 7.30 : 22.00 I 0.733 : -+-+.00 
: -+5 ' 2(,-+0 1220 I 8.20 i 30.20 I 0.671 ! -+0.27 

. Gil E 511 : 5.60 • 9.90 i '+0.10 ! 0.66g , '+0.10 

! -5 16.30 i 6.60 I n 70 I '+9.80 i 0.66'+ i 39.8'+ 

9() 16.50 5.80 1 '1.70 I 59.50 i 0.661 : 39.67 

HI\) '22.6l) i 16.50 I 6.10 I 65.60 I 0.656 I 39.36 

121) . 21."70 I 11.80 I 9.90 I 75.50 i 0.629 i 37.75 

TABLE B37 CULTIVATED L&\"D 

'A iB C D iE IF JG 
i Elapsed I Final ! Initial Water Cum. Infiltration ' Infi!. 
i Time Reading Reading Intake Water Rate Rate 
I ' (B-C) Intake (E/A) (Fx60) 
I ! ( ~O) 
I (min) (em) . (em) (em) , (em) (errvmin) (em'1l.f) 

10 5.80 I 5.80 ' -
, - -

l 1 6.90 i 5.80 , 110 I 1.10 1 1.100 I 66.00 

l2 i 8.80 • -.90 0.90 i 2.0U 1.000 60.00 
I -:1 ! 10.10 : -.80 ' 2.3U • -+.30 0.860 51.6U 

i 10 12.30 : lI.lO 3.20 I -:-.50 0.750 .+500 

I 15 1 15.10 I 12.30 2.80 I 10.30 I 0.687 .+ 1.20 

i 20 17 .'+0 I 15.10 2.30 i 12.60 0.630 37.80 

I 30 19.'+0 i 16.-+0 i -+.00 I 16.60 0.553 33.20 

i -+5 i 11.60 I 2.50 ' 9.10 I 25.70 0.571 3-+.2 -

i 60 18.50 12.60 5.90 : 31.60 0.527 31.60 

[ 75 13.30 I 6.50 6.80 1 38.'+0 0.512 30.72 

i 90 16.80 I 11.30 5.50 'I '+3.90 0.-+88 29.2-

I 100 12.50 i 8.50 . -+.00 I '+'7.90 0.+79 28.7-+ 

I 120 I 19.-+0 ! 12.50 ; 690 I 5'+.80 0 . .+57 27.-+0 
- - -

TABLE B38 FALLOWED LAND 

: 

! 

: 

! 
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f:'..TIL TRA. TIO"!' RATES AT "\OR.\.1AL Sl'RFACE FOR Jl NC 

'A 
Elapsed 
Time 

. B 
Final 

i Reading 

C D 
Initial Water 
Reading Intake 

. (B-C) 

.c 
Cum. 
Water 
Intake 
( ~D) 

(min) i. (cm) (em) (cm) (em) 

I 0 i 10.30 10.30 
I 1 I 11.30 10.30 1.00 1.00 
I 2 ! 11.90 11.30 . 0.60 1.60 

, F 
Infiltration 

iRate 
I 

j (E/A) 

i (cm/min) 
I -

i 1.000 
10.800 

G 
Infi!. 
Rate 
(Fx60) 

(cm:1u) 

60.00 
-l8.00 

r 5 12.50 10.90 1.60 3.20 i 0.6-l0 3S.-l0 
I 10 15.10 12.50 2.60 :'.80 ! 0.580 3-l.S0 
: 15 1 -:' . 3 0 15 . 10 ':::.:: 0 S. 00 ! 0.533 32.0 
i 20 I 20.-l0 lS.30 i 2.10 10.1O! 0.505 30.30 
I 30 11.70 6.60 5.10 15.20 I 0.507 30.-lU 

17.70 10.70 : 7.00 22.20 I OA93 29.60 
: 20.90 1-l.70 i 6.20 2S,-l0! lU73 28.-l0 
I 11.8U 5.00 i 6.80 35.20! 0 -l69 28.16 
I 16.70 11.80 . '+.90 -l0.1O: O.-l-l6 26."73 

I 100 I 1-l.0U lO.30 ' 3.70 '+3.80 I lU38 26.28 
, 120 i 20.00 '1-l.0U 600 -l9.80 i lU15 2-l.90 

TABLE B39 CULTIVATED LAKD 

~A B C D 
Elapsed Final Initial Water 
Time Reading Reading Intake 

(B-C) 

! (min) I (em) (cm) (cm) 

r 0 : 7.20 -.20 -
I 1 : 8.10 7.20 0.90 
I 2 i 9.80 · 9.10 lUO 

i 5 I1.S0 · 9.80 2.00 
! 10 ' 12.70 11.80 290 
! 15 17.10 i 12.70 2.-l0 
[ 20 : 1S.30 16.10 2.20 

l30 ! 21.90 : IS.30 3.60 

I -l5 12.50 · -l.60 7.90 
i 60 i 20.10 1-l.50 5.60 
I 75 i 7.., I 13.30 13.30 " 6.20 (1.20 "7 10 10 

! 90 ' HUO 12.30 6.1 () 

lIon I 23.50 : 18.-l0 5.10 

I 120 I 19.20 12.S0 6. -lO 
- -- ---

TABLE B40 FALLOWED Lfu\D 

iE 
. Cum. 

Water 
Intake 

i (~D) 
I (em) 

I -
I U.90 
i 1.60 
I 3.60 
I 6.50 
I 8.90 
I 1110 
i 1'+. ill 
i 22.60 

I 28.20 

. FiG 
Infiltration Infi!. 
Rate Rate 
(EI A) (F.x60) 

I (Cln/min) (cIn/hr) I 

I - -
I 0.900 5-l.l1 
I 0800 -lS.O 
10720 -l3.20 
I 0.650 39.00 
i 0.593 35.66 
I 0.555 33.30 
IlU90 29.-l0 
I 0.502 30.13 
I 0.-l70 2S.20 

! 3530 '0-l71 I ", ,0 i 0.-l71 I 28.26 I 28.26 
I .+ l-+ll I 0.'+60 27.60 
I '+6.50 I 0-l65 27.9 
I 52911 i lU.+l 26.-l5 

: 

i 

I 
I 

i 
I 

I 

I 

M 
C 



r\rILTRA.TIO~ R.:..TE AT ~OR.\LA.L Sl~ACE FOR Jl"LY 

A [B C D E iF IG 
, Elapsed I Final Initial Water Cum. i Infiltration! Infi!. 
• Time i Reading Reading Intake Water ! Rate iRate 

I (B-C) Intake I (E/A) (Fx60) I 

I ~ ~D) I 
(nnn) i (e111) (em) (e111) (em) i (enllmin) I (em"lui 

. () I 6.20 6.20 I - i -
I 1 7.20 6.20 1.00 1.00 i 1000 i 60.00 

2 6.90 6.20 0.70 1. tU i 0.850 i S100 
S ~.6U 6.90 1.70 3.-1-0 O.6~W I -1-0.80 

10 11.2(1 8.60 2.60 ' 6.0U (i.60U ! 36.00 

15 13.60 11.20 ' 2-1-0 8-1-0 ! 0560 ! 33.60 
I 20 lS.7n 13.60 ,3.10 11:,ll r057~ - I ~.50-l 
, 3U 19.20 lS.70 3.S0 lS.00 I 0.500 i 30.00 

-1-5 1-1-.S0 760 ; 6.90 2190 I 0.-1-87 i 29.20 
6U 19.5U 1-1-.S0 S.OO 26lJ(l i O.H~ : 26.90 

23.-1-U 19.5(1 3.90 30~U 0.-1-11 I 2-1-.6-1-

1300 7.00 • 6.00 3680 \ O.-1-0t) i 2-+.S3 
16.2(1 13.00 3.20 -1-0UU : (UUO 2-1-00 

12() 2 UO 16.20 ::\.10 -1-S.10 i 0.376 22.55 

TABLE B41 CULTIVATED LAND 

.. ' 

A IB 
Elapsed I Final 
Time i Reading 

C ~DE F IG 
Initial Water Cum. Infiltration Ilnfi\. 
Reading Intake Water Rate I Rate 

(B-C) Intake (E/A) (Fx60) 
( ~D) 

(min) \ (em) (em) I (em) (em) (enllmin) I (emihr) 
U I 8.50 ! 8.50 I -
1 I 1100 I 9.50 1 1.50 UO 150 90.00 
2 12.00 1100 100 . ~ 2.50 1250 
S I 1-+80 ! 12.00 32.80 i 5.30 1060 I 63.60 i ~ 
10 18.20' 1-1-.80 3-1-0 ; 8.70 O.870_L~2:10_J ~ 
1:' i 21.00 18.20 I 2.80 1U(1 0767 -1-6.00 1 , 

20 I n.20 I 2100 i 2.20 : 13.70 (1685 -1-110 I 

30 I 26.80 i 23.20 i 3.60 i 1:.30 (U77 3-1-.60 
; -1-:' i 16.30 i 8.00 I 8.30 ! 25.60 0.:'69 3-1-.13 
• 60 i 2UO i 1630 ! 5.1 () . 3070 0512 \ 30.70 

-
I ___ I 

7) i 2S.-1-U I 21-1-0 
9U I 12.90 : 6.50 
1lI( ) 

120 

TABLE B42 FALLO'i':ED LAND 



I);FIL TR.A. TIO); RATES AT );ORMA.L SL"RFACE FOR JULY 

A 'B C , D 

Elapsed Final 'Initial • Water 
Time Reading Reading i Intake 

(B-C) 

(Imn) 
(i 

1.10 

IE F G 
Cum. : Infiltration: Infi!. 
Water ,Rate iRate 
Intake ,(cIA) i (Fx60) 
( 2:0) 
(em) (em/min) (em1hn I 

i -

I 1.10 1.100 
., I 8.80 7.80 1.00 i 2.10 1.050 
5 I LW 8.80 i 2.50 i -+.60 • 0.920 
III , I-+.SU I un i 3.50 i SJl) : (I.S1O 
15 I '7.7U 1-+.80 • 2.90 11.00, 0.733 -+-LOO 
20 20.10 17.7U I 2.-+0 13.-+0 i 0670 -W,20 
:<0 ' 2-+.20 20.10 ' -+.10 17.50' 0.583 35.00 
-+5 I 1600 8.20 • n·;o 25.30' 0562 I 33.n 

: 6l) i 21.20 16.0n ! 5.20 i 30.50 I 0.508 i 30.50 
-5 i 25.30 ' 2UU ' -1-.10 I 3-1-.60 0.-1-61 i 27.68 
9U i 1-+.20 'S.30 ' 5.90 I -+0.50 • 0.-+50 i 27.00 
Hili I 17. III 1-+.20 2.90 I -1-3.-1-0 ! 0-+3-+ ! 26.0-1-
12u ! 22.0U 17.10 -i.90 I -+8.30 I 0-1-.3 i 2-+.15 

TABLE B43 CULTIVATED LAND 

A 
Elapsed 

, Time 

(min) 

o 

2 
5 

,10 
15 

: 20 
30 

, -+5 
I 60 
: 75 
i 90 

100 
120 

; BCD ;E - --if - - - I G , 
Final Initial Water -Cum-.-' !Infiltration Infi!. 
Reading' Reading Intake Water 'I' Rate Rate 

(B-C) Intake \ (E/A) (Fx60) 
( IO) 

i (em) (em) (em) I (em) 

i 7.60 -.60 I -

I 5-1-.00 i 8.50 -.60 0.90 I n.90 ! 0.900 
i 0.700 

I 
! 8.00 . -.50 0.50 1.-+0 -1-2.00 
i 9.70 SOO 1.70 3.10 i 0.620 37.20 
! 12.00 ' 9.70 2.30 )-+0 I 0.5-+0 32.-+0 
1 1-1-.00 12.00 2.00 7.-+0 i 0.-1-93 29.6U 
I 15.70 1-+.00 1.70 9.10 I 0.-+55 27.30 

18.50 15.70 2.80 11.90 I 039i 23.80 
\ 22.-+0 18.50 3.90 : 15.80 I 0.351 210-

I 13.-+0 -.80 560 I 21.-+0 i 0.357 21.-+0 
I 17.90 13.-W -+.50 i 2590 I 0.3-+5 20.72 
I 21.-1-0 17.90 3.50 i 29-1-() i 0.32' 19.6U 
I 23.-+0 i 21.-+0 2.00 I 3UO i 0.31-+ 18.S-I-
I 20.00 ' 1-+.80 ' 5.20 i 36.60 I 0.305 18.30 

TABLE B44 FALLOWED LAND 

! 

! 

I 
I 

LI'l 
o 



I~rIL TR.A..TIO~ R.-\;ES AT ~OR.\lAL SLKFACE FOR JeLY 

IA !B C D E 'F !G 
Elapsed ! Final Initial Water Cum. \ Infiltration Inti!. 
Time ! Reading Reading Intake Water Rate Rate 

I (B-C) Intake (EtA) (Fx60) 
1__ __ _ ( 2:D) 

i (rlli!1) - i (cm) (cm) (em) ~(cm)- i (Clll,lnun)1 (cm'lu) 

I 0 I 7.30 7.30 : - i -
I 1 I 8.70 7.3U I. oW 1..+0 ! 1.-+00 I 8'+.00 
i 2 ~ 8.80 ~.70 1.20 2.60 ; 1.301) • 781)0 
I 5 11.511 8.80 2./0 5.30 1.060 i 6360 
i HI i 15.2(1 lUll ~70 9.00 i 0.900 I 5'+.UO 00 

J 15 i 18.1(1 15.2\) 2.YO 11.90 I 0.793 I '+-;-.60 
120 i 20.6U 18.10 2.50 1'+.'+0 i 0.720 I .+:;20 

30 I 2.+.70 20.60 -1.10 18.50 I 0.61-;- I 37.00 
.+5 \ 1-1.+0 6.30 810 26.60! 0.591 ! 35.-17 

i 60 I 19()() 1'+.-10 5.20 31.80: 0.530 ; 3 um 
, 75 I 23.3(1 19.60 3.70 35.50 i 0.-173 I 28.-10 

90 ! 138(' 860 5.20 .+0.70 I 0-152 ! 27.13 
I lOu I 16.-I1! n.8\) 2.60 '+3.30 I 0.-133 : 25.90 
I 120 \ 20.9() 16.'+0 -1.50 '+7.80: 0.398 i 23.90 

TABLE B45 CULTIVATED LAND 

i2 

8.70 I 1.10 ! :3 uo 1 
\ 9.80 : 0.90 i 3.90 

10.70 i O.YO \ -I 80 
11.60 1..+0 I 6.20 

I 1.80 I 8.00 

TABLE B46 FALLOHED LAND 

F iG 
Infiltration I Infi!. 
Rate I Rate 

, 0.380 
. (UOO 118.00 
' 0.260 
1 0.2'+0 
: 0.207 

0.17 
, 0.160 
: 0.1.+7 

\C 
0 



I ".TIL TR.~ TIO"." R.~ TES .~ T "."OR.\1AL SURF ACE FOR JLL Y 

A ' B c 
Eiapsed Final Initial 
Time Reading Reading 

D 
Water 
Intake 
(B-C) 

'E IF i G 
i Cum. Infiltration Infi!. 
, Water Rate Rate 

Intake (E/A) (Fx60) 
tID) _ 

(min) (~m) (em) (em) I (em) I (cm/min) ! (cm/hn 
.(1 16.20---6.iu-------!-~-- 1- !-

! -:".2U 6.20 LOU 1.00 I 1.000 I 60.00 
2 ! 69U 6.20 O.iO 1.70 I 0.850 I 51.00 
~ ! S_1_U 6. YO 150 i 3.20 I 0.6_1_0 ! 38.-1-0 
hi 1O.6C) 8_1_0 2.2U , 5._1_0 1 0.5_1_0 1 32._1_0 
I~ I 12.S(I lU.60 1.90 ! 7.30 0_1_87 I 29.20 

:-,J----l l~i0- -lTso---DO-:9--:Oo - -10._1_50 127.00 

~,:! I 1-:".10 1_1_.2U ' 2.90 i 11.90 10.397 i 23.80 
-:'5 : 207t) 1-:-10 3.60 I 15.50 I 0.3_1__1_ I 20.67 
6,., 119() -.30 _1_.60 20.10: 0.335 I 20.10 

~ i 15_1_(1 l1.Y\I 3.50 23.60 leuls I 18.88 
91" 1 :.3(1 1_1__1_0 . 2.90 ~ 26~() - icf29_1_ - - i ~-
IIJO 19.2(1 1-.3U 1.90 I 28._1_0 I 0.28_1_ 17.0_1_ 
120 1-.6C! 13.80 3.80 : 32.20 ! 0.268 16.10 

TABLE B47 CULTI\'rtTED LAi,\D 

A 'B C D !E iF iG 
Elapsed: Final Initial Water Cum. II· Infiltration I Infi!. 
Time ! Reading Reading Intake Water Rate I Rate 

I (B-C) Intake I (E/A) ! (Fx60) 

i (min) i (cm) (cm) (cm) ! (~m) I (cm/min) (cm/hr) 

10 I 7.50 ' -:".50 I -
I _ 
1 

! I 1 8.-1-0 i.50 0.90 I () 90 ! 0.900 5_1_.00 
I 

I 2 I 7.90 7.-1-0 0.50 ! UO ! 0 70U L -!2QU __ r-
-, ~5------1~. -9.-2-0----!---·.-90~----I-.~3C-)----i~2~7~U--~I-O-.~---1--0----~1~3-2~_1_~0~i9 

i lU I 10.90 9.20 1.70 I _1__1_0 10._1__1_0 26._1_0 I 

i 15 I 12_1_() ,lO.90 1.50 I 5.90 i IU93 23.60 
I 20 I 13.70 12._1_0 1.30 I -20 10.360 21.60 

15.90 13.70 2.20i 9._1_0 (1.313 18.80 
18.60 15.90 2.70 I 12.10 i 0.269 I 16.13 

I 
I 20.90 18.60 2.30 J_1_._1_0 I 0.2_1_0 1-+._1_0 

i 75 .I I UiO 8.50 3.10 I 1-.50 0.233 1_1_00 
I <)0 ! 1_1_.20 : 11.60 . 2.60 120 .10 0.223 13 ._1_0 
i I no I 15.80 • 1_1_.20 1.60 i 21.7() 0.21- IH)2 
! 120 ! 18.60 15.80 2.80 I 2_1_.50 10.20_1_ 12.25 

- _.-

TABLE B48 F ALL OI<:"E D LAND 



I'\:"""IL TRATIO". ::.o,ATE AT "OR\lAL SL'RFACE FOR JL-:"" Y 

IC ,8 C iD EF G 
I Eia:)sed Final Initial Water Cum. Infiltration· Infi!. 
I Time Reading Reading Intake Water Rate Rate 
I (B-C) Intake (E/A) (Fx60) 
i (~D) 
; lIlllI1) , (eIll) (em) i (em) (cm) (cm/min) (cm/hr) 
! (I I 7.(1(\ 7.00 I -

i I 7.90 7.00 I (iY() U.90 i (1.900 ' 5-1-.00 
2 8-1-() 7.90 i ()50 1.-1-0 ! 0.'00 . -1-2.00 
5 8.50 7.-1-0 1.10 2.50 i 0.500 30.00 
IIi 1O-I-i.I lUO 1.9U -1-.-1-0 I 0.-1--1-0 I 26.-1-0 

I 
15 11.9(1 10.-1-0 uo 5.90 ! tU93 I 23.60 
21.1 I 1'.W 11.90 U() ~-I-(1 ! (U70 ,22.20 
'II J(dlll 13.-1-0 2.()() IO.()() i lU33 20.00 
-1-.:' 19.5(1 16.00 3.50 13.5() 10.300 I 18.00 
611 22.211 19.50 • 2.70 16.20 0270 16.20 
-~ I 12<)(1 8.20 i -uo 20.90' 0.279 16.7"" 
l)l) 16.~(I 3.90 2-1-~W ! 0.276 16.S3 
II)! I 1 Ii ()\I :Uo 2. 7 00 I 0270 I 16.20 

U2(1 __ 22(,11 3.60 30.60 I 02S5 I IS.30 

TABLE B49 CULTIVATED LAND 

A 
Elapsed 
Time 

(min) 
o 

") 

5 
10 

I IS 
i 20 
! 30 
I -1-5 

60 
75 

8 ! C I D ! ElF : G ., , 
Final Initial . Water Cum. Infiltration Infi!. 
Reading Reading Intake Water Rate Rate 

(B-C) Intake (E/A) (Fx60) 
( ID) 

(em) I (cm) I(cn1) -I (cm) ; (em/min) i (em/hr) 

I 7.00 i :.00 i - i - i-I -
I 8.00 i ".00 I 100 I lOll I 1000 i 60.00 
i 7.60 i -.00 i 0.60 i 1.60 I 080(1 i -1-8.00 

! 11.50 9.20 ! :UO . 0.550 I 33.00 5 
13.50 11.50 i 2.00 I 0.500 I 30.00 

I 15.30 ! 13.50 i 1.80 i 930 i 0.-1-65 I 27.9U 
18.-1-0 IS.3() i 3.10 I2.-I-U i 0.-1-13 I 2-1-.80 

I 21.70 18.-1-0 I 3.30 I 15.7{) I 0.3-1-9 i 20.93 
! 2-1-.10 121.70 • 2.-1-0 18.1U i 0.302 18.10 
I 15.10 i 8.50 ! 6.60 i 2-1-.70 I 0.329 I 19.76 -i 
I 19.90 ! IS.10 I -1-.80 i 29.S0 I 0.328 I 19.67 I 

22.30 i 19.90 12.-1-0 i 31.90 10.319 I 19.1-1-
23.00 17.80 ! 5.20 

TABLE LAND BSO FALLOWED LAND 



I:\FILTRATIO:\ R..;. TE AT :\OR.\lAL SURFACE FOR JLL Y 

IA 
Elapsed 
Time 

is C 
, Final Initial 

Reading , Reading 

D 
Water 
Intake 

; (B-C) 

E 
Cum. 
Water 
Intake 
(,'0 

,F G 
Infiltration Infi!. 
Rate Rate 
(E/A) (Fx60) 

(min) (cm) (cm) (cm) (cm) (cm/min) (cmlhI) 
o 8.10 8.10 I -

I 1 : 8.70 8.10 • 0.60 0.60 0.600 ! 36.no 
I 2 8.10 7 i n , 0.-1-0 1.00 0.500 I 3000 
I 5 : \).10 8.10 100 :2.01l (l-1-00 , :2'+()O 

10 HUll SUI) 1.20 '.211 ! uno 1 \).20 
15 i 11.-1-(1 1O.311 1.10 ·UlI i U.287 I 1"7.:20 

I 20 ' 12.-1-0 11-1-0 1.00 5.30 I ()265 15.90 
I 30 1-1-.0(l 12-1-0 160 6.9l\ • 0.230 I 13.80 

45 I 16.10 1-1-.00 I 2.10 ') .O() i () 200 I 12.00 
60 I 17.80 16.10 I 170 W.7() i 0.178 ; 10. il) 

75 i 19:W 17.80 1.50 12.20 o 163 i 9.""76 
90 I 2050 19.30 120 13. -1-0 0.1-1-9 i 8.93 
100 ! 21.30 20.50 (l.80 1-1-.20 0.1-1-2 : 8.52 
121) i n.70 2130 uo 15. ()() 0130 1 7.80 

TABLE BS1 CULTIVATED LAND 

I 

I 

IA IB :C iD IE IF lG 
i Elapsed I Final,. Initial I Water I Cum. '\Infiltration Infi!. 
. Time \ Reading . Reading ! Intake I Water Rate Rate 

, " \ (B-C) !11~ake \ (EtA) (Fx60) 
I : I ( .:..,0) I, 

'''') i (cm) 1 (cm) I (cm) i (cm) I (CIn/min) 1 (cnlihr)1 
10 I 8.50 : 8.50 I _ - - -

I 

i 1 I 9.50 1 8.50 I 100 ! 1.00 1000 I 60.00 

\ 2 10.-1-0 I 9.50 ! 0.90 1.90 0.950 57.00 
I =' I 11-1-0 I 9.-1-0 ! 2.00 i 3.90 0.780 -1-680 

10 ! 1-1-.30 I 11-1-0 ! 2.90 6.80 0.680 -1-0.80 

i 15 16.80 : 1-1-.3() i 2.50 9.30 0.620 37.20 I 

i 20 18.90 1 16.80 I 2.10 11.-+0 0.570 I 3-1-.20 I 

: 30 23.50 i 18,90 I 3.60 15.00 0.500 30.00 I 
L -1-5 1-+.30 I 6.80 I 7.50 22.50 0.500 30.00 I 
160 20.5() ! 1-1-.30 I 6.20 ! 28.70 0-P8 28.70 I 

I 

I 75 25.20 I 20.50 I -1-.70 33.-1-0 0.-1-45 26.72 I 
I 90 16.30 I 9.90 i 6-1-0 39.80 0..+42 26.53 i 
i 100 19.90 i 16.30 i 3.60 I -1-3.-1-0 0.-1-3-1- 26,0-1- I 

I 

I 120 I 25.70 I 19.90 i 5.80 I 49.20 0.-1-10 ,)-1-.60~1 

TABLE B52 FALLOWED LAND 

:J"I 
:::> 
-< 



Il\FlL TRA TI0:---: RATES AT :---:ORMAL SUR: ACE FOR .TLL Y 

iAB C D E iF G 

1

'Elapsed Final Initial Water Cum. I Infiltration Infil. 
Time Reading Reading Intake Water I Rate iRate 

I (B-C) Intake I (E/A) : (Fx60) 
I ( "0) 
! (eml (eIll) (em) (em) (em) I (em/min) : (em 1u) 
, 0 . (0 I i ())() 6. 0 I -

I A : BCD : E iF : Gl 
I Elapsed! Final Initial: Water i Cum. I Infiltration i Infi!. ! 
I Time Reading Reading: Intake i Water I Rate I Rate i 

(B-C) i Intake \ (EtA) I (Fx60) I 
, ! (~D). ' I 

: (em) • (em) : ~em) , (em) I (em) I (em/min) ! (em/lu) I 
i 0 I 7.60 .. 60 ! - I - I 

I I 67() I 600 070 \170 i 07()() ·+200 i I S.2el -.60 0.60 I 0.60 ! 0600 I 36.00 I 
I 2 • 6'.() 5.70 0.60 1.30 0650 39.00 2 i 7.60 ' "7.20 i 0.40 1 1.00 i 0.500 I 30.00 10 

l:- ~.I() 6.30 1.S0 .~W O.62() 3-:-20 5 ! SAO -.60 i 0.80 1.80 I lU60 ! 21.60 I:: 
! J(I , 1U.'(1 8.10 2.20 5.3(1 0.530 31.S0 

15 12.2() 10.30 1.90 c.20 I 0480 I 28.80 
20 140(1 12.20 1.S0 9.00 I 0.450 2'.00 

10 9.80 8.-10 lAU 3.20 I lU20 I 19.20 
15 10.90 9.80 i 1.l0 -1.30 IlU87 I 17.2U 
20 12.00 10.90 1.10 540 10.270 I 16.20 

3() 1 ]/()(j 14.()O I 3.()O 12lH) 04()0 2-11)0 
1 

I -15 21 III 17.0() -1.10 It). j\) : lU58 21.-17 
30 1-1.90 13.0tl 1. 90 : 7.30 I 0.2-13 : 1-1.60 
-1:- I 17.3U ' 14.90 : 2.40 i 9.70 10216 I 12.93 

60 127() 7.S0 ! -1.90 I 2UH) IlU50 i 21.C)O 60 I 19.-10 17.30 2.10 11.80 i 0.19' \ 11.80 
75 16S() 12.70 I -I 10 25.lU I lU:;5 20.0S 
9(1 2U2U 16.80 ! 3.-10 28.5\)! 0317 1')00 
IOn 10 ()(I 7.50 ! 3.10 .~ 1.(i\) lU 1() ! 1896 

75 i 10.50 I 7.50 i 3.00 : 1-1.80 I 0.19, I 1l.8-1 I I 

90 i 1300 i 10.50 2.50 i 17.30 i 0.192 I 11.53 I 
100 I 14.50 I 13.00 1.50 18.80 I 0.188 I 11.28 J 

120 15.')(j 10.60 ' 5.30 36.90 (UOS 18.-15 120 ! 17.2U : 14.50 2.70 21.50 I 0.179 I 10.75 I 

TABLE B53 CULTIVATED LAND TABLE B54 FALLOv.'ED LAND 



I~rIL TRATIO"\" R.~ IT AT "\"OR.\1AL Sl:RFACE FOR JlL Y 

,- - - - I --- - - ~- -- - -- - - -- -

:A IB C D E F !G 
Elapsed Final Initial Water Cum. Infiltration Infi!. 
Time Reading Reading Intake . Water Rate Rate 

(B-C) Intake (EJA) (Fx60) 
C~D) 

I (em) (em) (em) (em) (em) • (em/min) I (enl/1u) 
0 \ 7.'+0 7.'+0 - - ) - \ -

I 1 \ 7.90 i 7.'+0 0.50 0.50 : 0.500 I 30.00 
i 2 \ 9.30 8.90 0.'+0 0.90 i 0.-f50 27.00 

A t B_ i C i D -1 E i F G 
I 

I Elapsed \ Final i Initial I Water Cum. i Infiltration i Infi!. 
I I 

. Time Reading I Reading Iinlake Water iRate iRate 
! (&q Intake I (E/A) '[ (Fx60) I 

1 

( ID) I i . I 

I (em) (em) I (em) I (em) (em) I (em/min) I (em/hr) 
;0 6.00 \ 6.00 1 - - - , - , 

I 

i 1 6.70 \ 6.00 I 0.70 I 0.70 0.700 i '+2.00 
. ") 7.00 I 6.70 I 0.30 ! 1.00 I 0.500 I 30.00 ! .;.. I 

i 5 I 7.60 i 7.00 10.60 1.60 I 0.320 19.20 
I 5 10.3(; 9.30 1.00 1.90 0.380 I 22.80 

- I 
i lU 12.0() HUll 1.70 3.60 I 0.360 121.60 
I -- 13.'+0 12.00 1..+0 5.00 I 0.333 20.00 
i 20 I 1-+.60 13.'+0 1.20 6.20 I 0.310 I 18.60 
I 30 16.7(1 1.+.60 2.10 8.30 0.277 I 16.10 

I 19.50 16.70 2.80 11.10 0.2.+7 
I 209() 19.50 2.'+0 13.50 0.225 i 13.5U 

10 I 8.40 I 2.'+0 ! 1'+.'+0 ! 0.2'+0 "-' I 7.60 [ 0.80 

I 15 8.00 i 7.'+0 10.60 I 3.00 \ 0.200 ! 12.00 
I 20 8.50 I 8.00 i 0.50 1:1.50 \ 0.175 I 10.50 
i 30 9.60 ! 8.50 I 110 i '+.60 10.153 I 9.20 
i .+5 I 10.90 \ 9.60 I 1.30 i 5.90 \ 0.131 I 7.87 

I ___ ~ 

10.90 I 1.20 I 7.10 IlU18 i 7.10 i 60 
i 75 

. :>.30 20.90 3.70 1-:-.20 O.22lJ I 13.7l) 
90 I 12.3U i 9.30 3.00 20.2U I 0.22'+ I 13 . .+-:-

i 90 

1UU 1.+.1(1 12.30 1.80 22.00 0.220 13.20 
12() 1710 P.lO 300 25.00' 0.208 112.5U 

TABLE B55 CULTIVATED LAND TABLE B56 FALLOWED LAND 



I~IL TRATION RATE AT NOR.1v1AL SURF ACE FOR JULy 

I 
A :B iC D 1E F G A B C D E F G 
Elapsed i Final I Initial Water Cum. Infiltration Infi\' Elapsed Final Initial Water Cum. Infiltration Infi\' 
Time Reading Reading Intake Water Rate Rate Time Reading Reading Intake Water Rate Rate 

(8-C) Intake (ElA) (Fx60) 
( LD) I 

i (8-C) Intake (ElA) (Fx60) 
I 

( LD) i 

(min) i (em) ! (cm) (cm) (cm) (cmlmin) (crnlhr) I (min) (cm) (cm) (cm) . (cm) (cmlmin) (cmlhr) 
10 ; 7.20 i 7.20 - - - - 0 7.80 17.80 - - - -

1 : 8.10 i 7.20 0.90 0.90 0.900 5.+.00 1 8.90 7.80 1.10 1.10 1.10 66.00 I 
2 ! 7AO I 7.10 0.30 1.20 0.600 36.00 2 8.80 7.90 0.90 2.00 1.000 60.00 I 

5 i 8.10 17AO 0.70 1.90 0.380 22.80 5 11.20 8.80 2.40 4.40 0.880 52.80 
N 

10 ; 9.00 : 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 i 9.90 0.80 .+.50 0.225 13.50 20 18.60 I 16.60 2.00 11.80 0.590 35.40 
30 : 12.10 : 10.70 1.40 5.90 0.197 11.80 30 21.80 18.60 3.20 15.00 0.50 30.00 
45 i 1.+.00 I 12.10 1.90 7.80 0.173 10.40 45 24.80 21.80 3.00 18.00 0.400 24.00 
60 I 15.70 i 14.00 1.70 9.50 0.158 9.50 60 17.00- 8.50 8.50 25.50 0.442 26.50 
75 : 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 I 19.60 I 18.20 lAO 12AO 0.138 8.27 90 25.70 12.70 3.00 35.20 0.391 23.47 
100 20.40 i 19.60 0.80 13.20 0.132 7.92 100 17.00 12.40 4.60 39.80 0.398 23.88 

, llO __ 21.90 ! 20AO 1.50 14.70 0.123 7.35 120 23.40 I 17.00 6.40 46.20 0.385 23.10 

TABLE B57 CULTIVATED LAND TABLE B58 FALLOWED LAND 



INFlL TRA TlON RA IT AT NORMAL SURFACE FOR JUt Y 

IA 'B IC ID IE IF IG j 
E1~ Fina IrutJaI Water I Cum. I nflltr'alJoo I I nfi I. ! 
Time Reading Reading Intake Water Rate I Rate I 

(B-C) I Intake (ElA) \ (Fx60) i 
{W 

~ (min) , (an) I (an) I (an) : (an) I (cmlmin) I (cmthr) 

i 0 . 8.50 ' 8.50 : - I - I -
. 9 10 ' 8.50 I 0.60 I 0.60 I 0.600 i 36.00 

. : 8.60: 8.10 I 0.50 ! 1.10 I 0.550 ' 33.00 
i 5 9. iO : 8.60 1.10 i 2.10 I 0.4-'0 . 20.40 
; 10 IUO I 9.70 1.60 I 3.80 1 0.380 I ::.80 
i 15 I 1:.50 ! lUO 1.10 I 5.00 1 0.333 i 20.00 
! 20 '13.70 I 1:.50 1.20 16.20 10.310 18.60 
! 30 15.60 13.70 i 1.90 ! 8.10 10.270 I 10.20 
! 45 18.10 I 15.60 12.50 10.60 10.236 I 14.30 
! 60 ' :0.10 18.10 1:.00 12.60 10.:10 ' 12.60 
175 :1.90 1:0.10 ! 1.80 14AO: 0.192 111.52 
i 90 13.80! 11.10 I :.70 I 17.10 10.190 11.40 
! 100 15.30 13.80 I 1.50 I 18.60 10.186 I 11.16 
: 120 18.10 15.30 12.80 ; 21.40 10.178 110.70 

TABLE B59 CULTIVATED LAND 

A IB IC ID E I F IG 
Elapsed Final Inrtiai Water I Cum. I nfiltrabon Infil. 
Time Reading Reading Intake Water Rate Rate 

(8-C) Intake (ElA) (FxSO) 

em 
.J...min) ! (em) I (an) 1 (an) I (em) i (cmlman) ; (cmJhr) 

- ------

! 0 1 8.00 I 8.00 I - I - I -

i 8.00 !8.00 - 1060 ' 0.60 :-0.000--- 30.00 
i 2 , 8.00 i 7.60 I 0.40 1.00 ' 0.500 I 30.00 
I 5 1 8.80 I 8.00 I 0.80 ,1.80 I 0.360 ' 21.00 

10 1 990 i 8.80 I 1.10 i :::.90 i 0.:::90 17.40 
IS I 11.00 : 9.90 I 1.10 I 4.00 : 0.267 16.00 
20 11.80 i 11.00 I 0.80 i 4.80 i 0.240 14.40 

~ - ---~---- --
[ 30- ---I 13.40 -TIT. so [1.60 __ L 6.40 - ! 0.213 12.80 
[ 45 15.30 13AO -p __ ~_- _~-8Jo - --~-618-' 11.07 

60 I 17.00 1 15.30 I 1.70 10.00 i 0.167 10.00 
75 118.40 17.00 11.40 111.40 :0152 I Q 12 

190 1 19.60 I 18.40 I 1.20 I 12.60 10.140 I 8.40 
100 I 20AO I 19.60 10.80 ! 13AO 10.134 lA.~ 

I 22.80 I 20.40 1 2.-lD I 15.80 1 0.132 1 7.90 

TABLE B60 FALLOWED LAND 

M 
...... 
...... 



GRAPHS FOR DATA 
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FIELD 

114 



00· 

80 .. - .. - .. -- ... ---.-.... ---... - - ..... -... --... -.-

'i:" 00 +----,:,---:; ... ....:::-

~ 
::::: 50 -t------- -----==::=.-~. ~-=-.." .. "'= ... --___ ~-=----------------
! 
a 40 .j---------.-.-..... ---.. -----.----.--.. - .. -.-- .. ----.--.~ __ ._. _ . ___ .. _____ ._._ 

! 
== is 
.E3J 

2Ot---------------.. ------ .... -----.. ------- -.---.. --------.----..... ------

10+----

0+------.------.- ,-------.-----.-----~ 

o 20 40 80 100 120 140 

Time, t(mlns) 
Fig .• 1: Graph of Infilltration 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 Infliitration rate against time for average of four replicates for cultivated land 
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_ LOCATION OF TESTED SITES 
MARKED A, BAND C. 
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LOCATION:~ 

1"1'0111 p()int Aat the edge ()rthe trihut:ll'Y illto the dam, a bearing or2()XIl NL \\I<lS t<lkl'll 

, 
. - to site 27 which has a distance or 762.5111 between thcm. Using site 27 as a rckrcncc 

point to heat somc qfthe surrounding point wc havc the 

1. The bearing of site 30 from site 27 is 88()NE with a distance or 1712.5111 bct\vccn 

thclll. 

2. Thc bcaring or sitc 29 frolll sitc :"7 IS 14SllNF with a distance or 11:")ll) 

bet ween thelll. 

3. The bearing of site 28 frol11 sitc 27 is I 93()NE with a distance or 725111 betwecn 

thcm. 

4. The bcaring of site 17 frol11 sitc 27 is 243(JNE with a distancc of (,37.51" bcl\\l'l'li 

them. 

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

them. 

6. The bearing of site 25 1'1'0111 site 27 is 308°NE with a distance of 975111 hctwcen 

them. 

LOCATION B: 

'From B on the hill the bearing to site 5 is 282()NE with a distance of 775111 bctwccn theill. 

I. Therefore, using site 5 as our reference point, the bearing of sile 5 tn site 4 is 

1650NE and the distance between them is 925111. 

2. The bearing of site 3 from site 5 is 242()NE with a distance of 1225m hctwCC'1I 

thcm. 
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~. The bearing or site9 of lI"olll site S is 294°NL: with a distance o\" 15S()111 between 

[heill. 

4. The hearing of site 8 11"0111 site 5 is 3()<)o with a distance of IO()OIll between thel11. 

S. The be(lring orsite () 11"0111 site.') is ISoN!: with ;1 disl:lI1ce o ['()(12.SI11 belweell 

thelll. 

h. ThL' IK':lring orsite 7 rnlln site S is 29
11 

\\ illl a di"lance or 12S0111 hdwceniheill. 

LOCATION C: 

Frolll poilll C, :1 hcaring or sile 14 was I;"~en 10 hc I.\()IINE which \vill scrVL' as om 

rclCrencc poinllo \cavc all others. The distance hetween thelll is given as <)37.5111. 

1. The bearing orsitc IJ li"OI11 site 14 is 141 ()NI~ with a distance or ()(,2.SIll hetwecn 

them. 

2. The bcaring or sitc 12 li"olll sile 14 is I 03°NL with a distallcc or IJ 12.5111 hetween 

thelll. 

'3. The hearing or site 15 li'OIIl site 14 is nON I: wilh a distallce Or()()OIIl hel\vecn 

thelll. 

4. The bearing or site 1 <) li'Ol1I site 14 is 2~IIN U with a distance or 825111 bct\\ccn 

thclll. 
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