
WATER INTAKE CHARACTERISTICS OF SOILS 

IN SOME SELECTED HECHANIZED FARl1S 

IN NIGER STATE 

BY 

BAHBE, CHARLES HOBOLAJI 

(88/lO39) 

SEPTEMBER 1995 



SCHOOL OF ENGINEERING AND ENGINEERING TECHNOLOGY 

FEDERAL UNIVERSITY OF TECHNOLOGY, 

MINNA 

NIGER STATE 

WATER INTAKE CHARACTERISTICS OF SOILS 

IN SOME SELECTED MECHANIZED FARMS 

IN NIGER STATE 

BY 

BAMBE CHARLES MOBOLAJI 

(88/1039) 

DEPARTMENT OF AGRICULTURAL ENGINEERING 

SEPTEMBER 1995 

--:, 

I 
I 
I 
i 

~ 
f 



,- i -. 

DEPARTMENT OF AGRICULTURRAL ENGINEERING 

FEDERAL UNIVERSITY OF TECHNOLOGY. H!NNA 

A PROJECT REPORT 

ON 

WATER INTAKE CHARACTERISTICS OF SOILS IN so~m 

SELECTED MECHAN!ZED FA,R."{S IN 

NIGER STATE, NIGERIA 

BY 

BAMBE CHARLES MOBOLAJI 

Submitted in partial fulfilment of the r~quireaents 

for the Award of the degree of 

Bachelor of Engineering (Agricultural Engineering) 



f , 

1 

2 

3 

- 11 -

C E R T 1 F 1 CAT J n N 

Tld,. T'T'n1ect on thp. "Water ~.n take characteristics of soilR 

1ft some selected mechanized farms in Niger 5tate" has been read 

aftd approved 8A meetin~ the requirement of the Department of 

A~rlcultur81 En~ineering in the School of Engineering and Engineering 

Technologv, Fedet'al UniversHy of Technology. Minna, Niget'ia. For 

B!chelor of Engin~erlnp, (H.ENG. HONS.) DeF.ree in Agricultural Enginee-

ring. 

614 cxJ ~ I9:lS ...................... 
Project ~urerviRor Date 

~~f(;?~ -:J~;""'~:=;=;=:=-=:::-:-~:------. ~.- L-u- {)':1S :-..-. ................ ,. . . . . ................ ~ ................. . 
HR. N. A. EGHAREVRA 
PTn~e~t Suoervieor 

, t' •••••••••••••••• 

·PROF.iM.-T. ·IGE' 
(E~t~Tn~l Examlnp.T) 

!·Oate 

.... ." .................. . 
Date 

4 •••• _._ •• o 6 - / t::J - 9....$ . ...................... . 
DR. A. AJISEGIRJ: "Date 

Head of Department. (Chip.f Fx~m1npt') 



- iii-

D E D I CAT ION 

To the Glory of God and Lo my parcmts Chief F. A. Bambe 

Hrs. T. E. Bambe for thi~; AHSt!t given to me. 



- 1v -

A C K N 0 ~ LED GEM E N T 

I would have lovl.:d L··j mf:nti:':~ th€' 01n;,.'; (,'. evpr:fbod'l that h ... s 

cO:1tributed to my ClC3demic £;ucceS3 but time ;>~d '.:pacc will not permit 

me. 

lly grecltest grctit.uue g)~£,; to God th.::! ~:~.-;:: high for fulfillir'b 

Hie prClr.!ise in my life fl.'" l-1t!11 ns ~e'i"ing mfJ through thiB prog!'.'ltm1lp.. 

The same goes to my father and mother for being so cering. wonderful 

ti~d prayer.fuL 

My brothers and si.r,ters havrl not reh·ntc!d i:-: m'yway throughout 

." , 

J.K. Ad~dir;,n '171d the Ke's 5.1rf' also not left out. 

To 

appreciatic."1 gP,'s t(1 Hr. A1Ju Umar of N.e.R.I.. r!r. Akpan 0: Guinr1eSfl, 

Minna ior their clJntrjbuti()T')s to thi~~ work. 

Lhank·; 

Bambe. 

SeJ.OWIJ, Hr.& Hr8. OJ;I t.un; ~, 

~. ti o i j 

Atejioye, E.O. 

i. I
'" 

.. . , . 
A::.)~~iO.!. , 

rr ... 

to 

K. Dunmoye MYK t T. ,A. Gr l) 1 :--u. lZ. Tbuo,,,,, • 

Dr. R. lbuuwcJ, l.. ilnd S OL:tunJu·l. 

and prayers <it 2.11 tine. 

;lnd the re"t of the 

T. 

1 .... 
th<: 

A.D. 

Aidbi, 



.I 
/ 

I 
i 

-
TABLE OF CONTENTS 

TITLE PAGE 
CERTIFICATION 
DEDICATION 
ACKNOWLEDGEMENT 
TABLE OF CONTENT 
LIST OF FIGURES 
LIST OF MAPS 
ABSTRACT 
CHAPTER ONE 
1.1 INTRODUCTORY NOTE 

· .. 
• •• 

· .. 
1.2 OBJECTIVES OF THE STUDY 
1.3 JUSTIFICATION 
CHAPTER 2 
2.0 LITERATURE REVIEW 
2.1 INTRODUCTION 
2.1.1 THE HORTON1S EQUATION 
2.1.2 GREEN AND AMPTS · .. 
2,],3 KOSTIAKO AND LEWIS ••• 
2.1. 4 THE .P!:lI LLI piS EQUATION 
2.1.5 THE HOLTAN'S EQUATION 
2.2 MEASUREMENT OF INFILTRATION 
2.3 FACTORS AFFECTING INFILTRATI1N RATE 

• •• 

· .. 

· ... 

· .. 
2.4 GRAVIMETRIC METHOD OF OBTAINING MOISTURE CONTENT BULK 

DENSITY AND POROSITY... • •• 
2.4.1 MOISTURE CONTENT 
2.4.2 BULK DENSITY 
2.4.3 POROSITY 

· .. 
· .. 

2.5 CAUSES AND DETERMINATION OF SOIL COMPACTION 
CHAPTER 3 
3.0 MATERIALS AND METHODS ••• 
3.1 INTRODUCTORY NOTE 
3.1.2 GRAVIMETRIC TEST APPARATUS 
3.1.3 SITE DESCRIPTION 
3.1.4 EXPEREMENTAL LAYOUT 
3.1.5 PROCEDURE 
3.1.6 PLOT DESCRIPTION · .. 
3.1.6.1 THE TILLED PLOT · .. 
3.1.6.2 THE NON-TILLED PLOT 
3.1.6.3 THE TRACTOR TRACK PLOT 
3.1.6.4 THE CROP RESIDUE ON SURFACE 

· .. 
· .. 

PAGE 

i 
ii 

, 
! 

iii 1 
i 

iv 

V -vi ! 

vii 
viii 
ix 

1 
1 
2 
2 

3 

3 

3 

5 

6 

9 
10 
10 
12 

14 
14 
14 
15 
15 

18 
18 
18 
18 
18 
19 
20 
20 
20 
20 
21 
22 
?? 



j 

3.2.2 LOCATION 
3.2.3 RAINFALL 
3.2.4 CROP GROWN 
3.2.5 
3.2.6 
3.2.7 

TOPIGRAPHY ••• 
CULTURAL PRACTICE ••• 
TYPE OF SOIL 

3.3 GUINNESS FARM NIGERIA P.L.C. KUDU 
3.3.1 INTRODUCTORY NOTE ••• 
3.3.2 LOCATION 
3.3.3 
3.3.4 
3.3.5 

RAINFALL 
CROP GROWN 
TOPOGRAPHY 

3.3.6 CULTURAL PRACTICE ••• 
3.3.7 SOIL TYPE 

· .. 

· .. 
3.4 
3.4.1 
3.4.2 
3.4.3 
3.4.4 
3.4.5 
3.4.6 
3.4.7 
3.5 
3.6 
3.7 
3.8 

THE NATIONAL YOUTH SERVICE CORP FARM ••• 
INTRODUCTORY NOTE ••• 

CHAPTER 4 

LOCATION -
RAINFALL 
CROP GROWN 
TOPOGRAPHY 

.... " 

CULTURAL PRACTICE ••• 
SOIL TYPE 

) 

DETERMINATION OF SOIL BULK DENSITY 
DETERMINATION OF POROSITY 
INFILTRATION RATE APPARATUS 
INFILTRATION RATE METHODOLOGY 

4.0 ANALYSIS OF RESULTS 
4.1 
4.2 

INTRODUCTORY NOTE .•• 
RESULTS AND DISCUSSIONS 

4.2.1 ANALYSIS OF RESULTS 

· .. 

· .. 

· .. 
· .. 

· .. 
4.2.2 SOIL CHARACTERISTIC CONSTANT ••• 
4.2.3 INFILTRATION DEPTH RATE EQUATION (f) ••• 

22 
22 
23 
23 
23 
23 

24 
24 
24 
24 
24 
25 
26 
26 
26 
26 
26 
26 
27 
27 

27 
27 
28 

28 

28 

28 

44 
44 
44 
44 
49 

49 

4.2.4 CUMMULATIVE INFILTRATION DEPTH RATE EQUATION 49 
4.2.5 OTHER PARAMETERS ••• 50 
4.3 DISCUSSION OF RESULTS 
CHAPTER 5 
5.0 CONCLUSION AND RECOMMENDATION 
5.1 CONCLUSION 
5.2 RECOMMENDATION 
REFERENCES 

· .. 50 

62 
62 
63 

APPFNOIX A: FORMULAE USED IN THE COMPUTATION OF PARAMETERS 65 



j - -Wili -

LIST OF FIGURES AND PLATES 

Fig. 2.1: Typical Infiltration and run off curves developed from 

infiltrometer data. _ 

Fig.2.2a: Infiltration rate as a function of time 

Fig. 2.2b: Infiltration rate and cummulative depth as a function 

Fig. 2.3 

Fig. 3.1 

Fig. 4.1 

Fig. 4.2 

Fig. 4.3 

Fig. 4.4 

Fig. 4.5 

Fig. 4.6 

Fig. 4.7 

Fig. 4.8 

Fig. 4.9 

Plate 1 

Plate 2 

of time _ 

The down word movement of water into the according __ 

to the concept of a capillary 'pull' at a wetting front 

(Green and Ampt)_ 

A sketch of the experimental plot. __ 

Average infiltration rate versus ponding time for Baddegi, 
\1: 

\ 

Guinness and N.Y. S. C. tilled plots. _ ~," 
( 

Average infilt.ration rate versus ponding time for Baddegi, 

__ .53 

Guinness and N.Y. S.C. untilled plot. _____ ~ _____ 54 

Average infiltratio~ rate versus ponding time for Baddegi, 

Guinness and N.Y.S.C. compacted (Tracks) plots. _______ SS 

Plot of log f versus ponding time t for Baddegi, Guinness 

and N. Y • S. C. tilled plot. -'- ~ :-

Plot of log f versus pondingtime t for Baddeggi, Guinness 

and N.Y.S.C. non-tilled plots. __ - - - -, - - - -I 

Plot of log f versus ponding time t for Baddegi, Guinness 

and N.Y.S.C.Tractor track plots (compacted). __ _ 

Plot of accummulated depth versus infiltration depth of 

Badegi, Guinness and N.Y.S.C. for tilled, plot. ___ __ 

Plot of accummulated depth graph versus infiltration depth 

for non-tilled plot._ _ _ _ _ _ 

Plot of accummulated depth graph versus infiltration depth 
" If: for track plots compacted. ____ ,... ~ 

The isometric and orthographic drawi~g of a double ring 

infiltrometer. _ _ _ 
The pictures showing the demonstration of the infiltration 

__ 51, 

__ 55> 

- - 41 

experiment with ... tae double ring infiltrometer. ___ ~ ____ ~-~ 

LIST OF MAPS 

1. Farm map of National Cereal Research Institute, Baddeggi. ____ - _ - 74 
2. Farm map of. Guinness Farm~ Nigeria P.L.C., Kudu. ____ - - - - -75 



- viii -

ABSTHACT 

This 
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CHAPTER. 1 

1.0 nrrRODUC'rlOli 

1.'1 Introductory liIote 

This 8tudy 1. ~im4d at eval\~tinl the vnter intake characteristics 

of 901111 e.e the Mchanbnc1 fara lnnd of soa. .elected farms in Niger 

Stilta. n.. National Cereals bsearch Institute hddegai. Guinness 

Paras Higeria P.L.C •• Kudu and the Baeional Youth Service Corp 'arm. 
Car~tu w~re eele.cted for this study. 

'l'be lStudy in"clvo th·I) 1Mlrforaanee of te1!1ts and analysis of results 

/ oi three •• lected plots of the .ajor proJect area in the fara. For 

.. b.tur ine1gbt intQ tllis study the following esaential parameters 

are briefly describad using the following terminologies. 

! 
Infiltration rate - It is the flux of vater passing into the Boil 

proHl. 

InfHtl:.?tllm C..1Pll.C:!.ty -Tbis .l8 the tl8xiuwm flux that can pass 

into ~hfl soil pr{)flle at a given time. 

tf th. l18tQr 3upply rate (rainfall or irrigation) is 1e88 or equal 

t;o;:d'ili':!':li::io~ c.&pad.tj', the infiltration rate is equal supply rate. 

The followin.g parwuetet's were deUndned to evaluau the intake 

cnar4"cterifJtics of 90il: 

1) Infiltration r~t~ of the soil. 

it) Infiltrution capElcity of the l;>oi1 

iii) Accummulatod inf!ltrntion acc\!JIDllUl.at1ve if!.filtr .. t1on depth) 

The 1nfiltr~t.ion clmrnctt:r.i(\t~,c curvetl such as Intake rate versus 

ti1!e 'l"!!1.l!tiot'!!!u1:?, =.iccuurmulated iTl.filtration depth verSUB time 

relationship were l'lottod to se~~ th.!: graphical relationship of the 

p..'\ram~t\.\t's ?:-aq1.J1t'~d in evalua'::ing intake characteristic of 80ils. 

The intake or 1nfiltrat1cm characteristics of the soil~ hone 

of the dominant var1ablev influfmGing irritation and its kno"'ledge 

is necessary for avenl! soil 81"ld vli.tor management. It is also 

useful to estimate catcb1llentrun-l)ff models. 

Prom the above p~rameters ~ acclt1ll1lU1ated infiltration or 

.2~_ .. " """"NI t:he total quantfty of water 



1 • ..2. OBJECTIVES OF' tHE STUDY 

i) To .;tudy the i~ti1ke characteristics or the soil at 

selected farm viz Plot :)f Lhe .:!Xper imental sitt! .);: 

Badd:!ggi, ~uil'!1csS farms, Kudu ,:i1ti,l N.Y.S.C. ;,.irm!, G..:<r.:ltu. 

11) To dt'velop int;::k~ characttlristic t:quations for th~ soil.s 

under conditions 01. ploughed, bOll, ur,cultivuted soilH 

and compacted S011~j uf::ing tlw ::lorco:; I;:; equation. 

i.ii) To d'?v!.:!lc'p i('takf' charl1ctet'1.8tic equt:tion tor the derdgn 

i . ...!. JUSTIFICATION or 'DiE PROJECT ------_._---------
The rt!asom-l {or c()nducl:ing this studV' dr," .:;,~:; follow~; 

it) 

iii) 

roc it:} u •• UouDted import~nc,.? .1!1 lrrig.::.tiJn 1;;yout dnd 

design. 

Inri ltT."lti':m I, " " 

the itL"ii;:racic"l T.Jte iu h.l..gh, .Less w',.t(!! will rur', 

over the seil sur tact:o aud ero:;io:l \.LUl be let;!" i;, such 

it Lituatiop. 

i " " 

Wdtc r con3e;:-vatiOl: .• 

\·Jith r;pf'citic regtlrds to m:1 project work, thi:; Gtudy en:1bles 

the cnmpariu00 0 



2. 0 LI:n::?.ATURE H£VIl:.V 

2.1 Intruductory Note 

. , , 
..:.,...~ • ..L 

infiltr,~iol! 

.J f," ,. 

-3 

CHAPTER 

,. . 
, L 

, 
T 

H~re, as usudl, the 

( ; 0 ~ .] 

(,:h ....... C! k if; propost!d a:; a 

hydraulic c<.l!lduct:i.vity while fo dpP<:"ld:i i.Hi th'" ini tiRl soil 
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de.,ve.,\ofe..d +<om I.nf.\\-t-10'fnt...-\-e...""("" o.o..+Q.. 

In fig 2.1 the infiltration capacity did not drop to equal 

the ponding rate until several minutes after the take off of 

the infiltration. During this initial time period the 
"-,-

infiltration rate was equal to ponding irate and less than the 

infiltration capacity. 

Infiltration rate in the field usually shows a steep decline 

with time from the start of the application of water, 

particularly if water is ponded on the soil surface. 

Horton (1940) suggested that the equation 2.1 represents 

the infiltration rate reasonably well, where fc, the final 

infiltration rate as t --> co can usually be identified with 

Ko, the saturated hydraulic conductivity. The initial 

infiltration rate fo can be very large at the moment of first 

application of water in the infiltration test. The actual value 

used in equation (2.1) depends on the time interval that is 

used to get measurement of fo and rarely can it be less than 

one minute. 

The actual rate of fall of infiltration is usually faster 

than exponential (Horton's 1940). 

Difficulties m"!-y arise in giving a suitable value to the 

constant K, which has no physical meaning. 

An example of an infiltration curve is shown in Fig.2.2 

together with a sketch of a Horton type curve. In this example 

the observed infiltration rate declines faster than exponential 
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2.1.S 

l 

'rOll ~r(., 

VO!'J£te flow rlt1:O G '" KSllt ~IW + l.~ - Hf) jUnit Area) 

L 

f:toft! ~('~t1!luity prineil'le, 4!1 no storaga 18 ,vailable in the 

L 

'. . ... _ .. ; t·n!,I .. ~>c 

.. - - 2·3 

!uf: Q ":.. z ... tOL11 volmne of f.1\;i.~.tLli:t'!.l ,·~;.t,"r 

t: , .. t..\.! .- ~ III (1 + !:i! 

Wh.tt~ .;:. ~. A r 
.A 

r. .... -~'- ' .... ~ .. ----, 
It. 

Tht. '\.etl:1f·.~. ~~nune" .;.: :dillplificd yetting profile with .a sharp 

(2.4) 

when t .ts the j.l1.I:iltration r.tte (mill!') 

t 1: tPJ_ ilifiltratlN. ti~.e (hr) 

,- ~ .... ! 1> Jio"'~ constat,ta f')r $ pe.rticulnT' coil and condition, 
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F 

-:J 

r 
i( 

.' " -11 

"-

K 
r:"'i'l 
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... 
~ 

. T ;!c 

n+1 .. 
(2.5) 

That 19, the cUlDmuletivc infiltratio'1 1" i~ thE' accummulated depth 

F(t) 

f(t) 

From Darcy 

Volume .i low ~. h 
t e 

volum:; of :;on. 

(. 

~ 

(2.6) 

.. 
.; 1 f, 

(1.. n 

(2.J) 
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sorptivity is an impr)rtant parameter in tht! description of bot.h 

(pr"~:;;:::'urwcl llr . .:1 [orl:)) inrre'l.l'les. Tnlsma (1969) worked out the optimum 

conditions for deriving s from datd gainpd i" the f1~ld from 

. . tn ... : 1'];&.-;': r 1.('" 

,··u~-:;,:;;. 

; . ~ ....... 

[or 

s: .... (2.9) 



2.1.4 

\.,' ; .... " ! ~,' -:. t '..: 

~ , 
G :.s At ;, .~~ Hl -r Ct :t D1.'-- (/.lO) 

\there the constants A,B,C .te. are function. of th'l fwH prr.p~rtie, 

D(9). K(9) And the initial .and boundary C(lnditiclns '*. So. 

nit! Hrat term (At ~) ~·,apTilllenr.s the effect of Buctiotl (1.e. 

horizontal infiltration) and tho relUining tenftf:l ar_ eff'!ctively 

!:orrect!on tam tv uCCvUht ft.-r gravity (fol:' su11 l, the first 

Philip aUSlestad that if t were not too 1ar!~ th~ 8'!riee could 

t + Bt be truncated i.e. Q(t) • At • as the eonfltAtH.'t'I d~creage for 

tbe tenas with higher powers of t. Then tae infntr~ttQn nt~ 

~ ~ iii il~ .. Ht by .£ (t) - i 
dt 

Note that:tG t ---> !.l!!l!:lit)' ( 

At: -i -,. B •••• (2.11) 

) f --~) Rsal;. which 

fo.t1l of eqtl&tion holds for t l'not too lnrgll" h~!H:e the the:orc:.tic:ll 

~n llrac.:::!c.e t the tl".l!lcated equ.ation is wi,dely used tn an 

empirical aanner with A and 8 f!1l1pirie.nlly det!!rmined and :3 

ThG W!qu,licion Me 1. pa:ramt!te1!"s c01IIpared 

with Uu 3 l"Qic-.ured by Harr-on' I'! equation but has a slight problem 

of an indetel'1l11nate £ (0) • 

on the same run-off model by DAndy ~~cl Lichty. 

Philip equa~ion was t.Ps1.l!r to fit but: the accuracy and 

I ..... 



2.t.5 

_ 10 -

THE HOLTAN'S EQUATION 

The method discussed above halTe aU b,aen~er1ved for continou8 

ra.infall input. In practice ratnfall is intermittent flO that 

it t:ould be ~Kjt"e conv1enient to eonHi.d~1~ infiltration 8S .8 

fU1\CtiOti of stored soil .r):htul~e (This petticular1:V applies to, 

conceptual rainfllll - run-off mod.els incorporAting a soil 'Dloisture 

In:Eiltration f - A (Sa - F)1.4 + 1c ....... (2.12) 

Wh ~re A. tc .are constantR for a givtltn 5(.11, Sa repreeents 

tbti" l:ot.l: .!lvrdhbl{l W'ltur s:oragu in the soi~" (saturllti.on ---> 

pet~nent wilting point) .tnd F in thl~ ac(~u\llmtuated soil mo1sturp.. 

As infiltra.tion proceeds. F i''lcrease a~d :: decreases until 

F roO Sa, wli«r. the ,)01.1 profile is R3tur:at.!d f ,. fe. 

t i.e. Ft ~ Pc - 1 + (ft - 1 fc) 

it = A {Sa - pt)l.4 + fc . . . . . . . ..... (2.13) 

1'h~ Holtan's! Philip's ~nd HOt'ton's IZquations have bee:l widel.:F 

u~ed in c.o"tceptual model1ir.g of the r::dnfal1 - runoff p'I'OC'~$r;l. 

However the methods should be r:!c(',&n:hed ;i.S ap!llying to 

idealined cnnditione (when theoret1cally-bas~d) of uniform profile 

propertbs \olnHom initial moisture distributions and 

one-ditaens10nal flow. or all being empirlcal simplifications. 

the ~::..te at which wnt,pr can enter soi l when not limited by 

the T!lte of supply is lIlt':asured in the field witb water either 

r-ol'lded on tb~1 surface or falling on :it af: artificial or na.tural 

["3,in ~t tl rsta suificient to cause nLnoff. It 15 expressed in 

m/s or SOtl'e convi~nient mult:.ple of th~se un! ts at",d is called 

!'If:iltnU .• :/t. ca .... ac.1t~ (Horton. 19(~O) or tnfiltTsbllity (Hillel, 

1971) • it is a p<'tential Tate that i'l characteristic of t:he 8011 

under spec:!.fied conditio{;s. In p.artcular. it varies witb tim!! 

~'Urin@. ti, t.Ii!St. ~[\d with initial water. content fii. (2.2) 
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Three methods of estimating infiltration characteristic ot 

soil include: 

a) the use of cylinder infiltrometers 

b) measurement of subsidence of free water in a large basin 

and 

c) estimating of accummulated infiltration from the water 

front advance data. 

Among these methods the use of cylinder unfiltrometer is 

most popular and adapted in this study. 

The method is described as follows. Infiltration 

characteristic of soils might be determined by pouring water in 

a metal cylinder installed on the field surface and observing 

the rate at which water level is lowered in the cylinder. In 

the earlier studies only a single cylinder was used and many of 

the data indicated a high degree of variability. 

The variability was mainly due to the uncontroled lateral 

movement of water from the cylinder 

reached the bottom of the cylinder. 

after;' '(the welting front 
.;?:~! ~ 

After ,the initiation of 

infiltration, while the wetting front is in the cylinder, the 

water subsidence rate:' corresponds to the infiltration rate. 

When the wetting front passes below the cylinder, a more or 

less divergence of flow will occur. The lateral movement of 

water from cylinder is minimized 'by ponding water in a guard 
" , 

cylinder of buffer area around which is constructed and used for 

the study. 

Infiltration rate observed by cylinder infiltrometers are 

influenced by the cylinder diameter, thickness of cylinder, 

bevelling of the cylinder, bottom the method of driving the 

cylinder into the soil and the installation depth. The 

variability of data caused by ring placement could be overcome 

greatly by leaving, the cylinders in place over a long period 

during a series of measurement. 

/ ,J •••• 

,f 

~ 
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! 
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Tile cylinder are usuaL_y about 25cIU - 30CIU deep and are formed 

of 2~~ rolled steel. The inner cylinder, from which the 

infiltration measurement is taken is usually 30cm in diameter. 

The outer cylinder, vThich is used to form a buffer pond is 

about 6Dcm in diameter. The cylinders are installed about IDcm 

deep in the soil. Care is taken to keep the installation depth 

of the cylinders the same in all experiments. 

This can be accomplished by marking the outside and inside 

.. : ~ 

of the cylinders at the IOcm level anddr:lving the cylinder 

into the ground by a falling weight type hammer striking on 

a vlooden plant placed on top of the cylinder or by light blows 

with an ordinary hammer 'and using a short wooden plank to prevent 

damage to the edges of the metal cylinder. 

The water level in the inner cylinder is read with the field 

type point guage or hook guage '(sometimes an ordinary plastic 

scale placed in the inner cylinder. or a manometer fixed to the 

outside of the cylinder are also used, but for accurate work a 

point guage or hook guage should be used). The point rod is set 

at the desired level to which water is to be added. Water is added 

to the inner cylinder from a container of known volume and a 

graduated jar. 

It is added by pouring water on a piece of folded jute malting. 

The matting is used to preventing puddling and seal of the surface 

soil. After filling the cylinder to about three-fourth of the 

desired level the matting is removed. 

A stop vlatch or the second's hand of a wrist watch is used 

to note the instant the addition of water begin and the time 

the water reaches the desired level. The total quantity of 

"rater added to the inner cylinder is determined by counting 

the number of full containers. 

2.3 FACTORS AFFECTING INFILTRATION RATE 

The movement of water into the soil by infiltration may be 

,-~-' ~~ t-,--, t"hp. flow of water through the soil 
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profile. Although such restriction often occurs at the soil 

surface, it may occur at some point in the lower ranges of the 

profile. The most i~,ortant items influencing the rate of 

infiltration has to do with physical characteristic of the soil 

line texture and soil particle size. 

Thus, the maj or factors affecting the infiltration of water 

into the soil are the initial moisture content, condition of 

. the soil surfac~, hydraulic conductivity of the soil profile, 

texture, porosity degree of swelling of soil colloids and organic 

matter, vegetative cover, duratio::l. of ponding: water, irrigation 

or rainf0.11 and. viscousity of water. 

The antecedent soil moisture content had considerable influence 

on the initial rate and total amount of infiltration, both 

decreasing as the soil moisture content rises. The infiltration 

of any soil is limited by any restraint to the flow of water 

into and through the soil profile. The soil layer ,"ith the 

lowest permeability either at the surface or below it, usually 

determines the infiltration rate. Infiltration rates are also 

affected by the porosity of the soil which is changed by 

cultivation or compaction. 

Cultivation influences the infiltation rate by increasing 

the porosity of the surface soil and breaking up the surface 

seals. The effects of tillage on infiltration usually lasts 

only until the soil settles back to its former condition of 

bulk density because of subsequent irrigation or ponding of 

water. 
!~ 
.; '" 

Infiltration rates are generally lower in soils of heavy 

texture than on soils of light texture. The influence of water 

depth over soil on infiltration rate was investigated by many 

workers. It has been established by Green and Ampt. Horton IS 

(1940) and Green and Ampt (1911) that in surface irrigation 

increased depth increases initial infiltration slightly but 

-~ ~~~ ~oaliaible effect after prolonged irrigation. 



- '4- -

Infiltration rates are also influenced by the vegetal cover. 

Infiltration rates on grass land is substantially higher than 

bare uncultivated land. 

Additions of organic matter increase infiltration rate 

substantially. Tlle hydraulic conductivity of the soil profile 

often change during infiltration not only because of the puddling 

of the surface caused by reorientation of surface particles and 

washing of finer materials into the soil viscosity of water 

influences infiltration. The high rate of infiltration in the 

tropics under otherwise comperable soil conditions is due to the 

low viscousity of warm water. 

2.4 GRAVIMETR=C METHOD OF OBTAINING MOISTURE CONTENT, BULK 

2.4.1 

2.4.2 

DENSITY AND POROSITY HOI STURE CONTENT 

MOISTURE CONTENT 

Soil moisture· ,content shall be determined gravimetrically 

as described in the method of soil analysis by BLACK (1965) 

by driving a cylindrical sample core into the soil to entrap 

soil at different depths of 0 - l5cm, 15 - 30cm and 30 - 45cm 

for each plot. 

.'; 

The samples are weighed each in the sample can and they are 

placed in the oven at 105°C for 24 hours. The cans with soils 

are weighed and the difference in the wet weight to -che dry weight 

of soil is the moisture content of the soil. 

The moisture content can be calculated by expressing it as 

percentage of dry weight is given below (Black 1965). 

Where 

eg Mw x 100 
ms (2.17) 

eg gravimetric water content percentage 

Mw Weight of water 
!?-
fi (1 

Ms Weight of soil afte:;:- oven drying. 

BULK DENSITY 

The soil bulk densi:::y was determined from the undistured 

.'.~-":_~,.1 1-", f-hA 1<l::\rk's method (Black 1965) 
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The bulk density can be calcula!:ed using the expression below: 

(D.b) 

(B.D) 

\-·,There 

D.b 

Ms 

V 

B.D 

V 

I-rhere 

Ms 
V 

M 
V 

':l 

Dry bulk density in (g/cm~) 

Weight of oven dried soil (g) 

3 
Volume of core sampler (em ) 

Wet bulk density 

Total weight of the soil (g) 

Volume "'1 2, ... r n 

r Radius of sample core 

h height of sample core 

POROSITY (n) 

(2.18) 

(2.19) 

(2.20) 

Porosity is the ratio of the volume of the void to the total 
.. ~ > .~ 

:':,~~ J 

volume of the soil. Void comprises of water :and air and the total 

volume of the soil. comprise of the volume of Void and that of 

the soil gram 

V = Vv + Vs .... (2.21) 

n Vv 
V (2.22) 

But according to (Black 1965), the result obtain from the 
>, 

graVimetric experiment can be adopted 'as follows: 

n 

Where 

(1 - Db) x 100 
B.D. 

n = Total porosity percentage 

Db 

B.D 

Dry b~lk density 

Wet bulk density 

3 
(glcm ) 

3 
(g/cm ) 

... (2.23) 

2.5 CAUSES AND D5TE~~INATION OF SOIL COMPACTION 

Constant action or movement of agricultural machines and 

equipments on soil cause a gradual compaction (elastic plastic 

and yield point). Compaction affects the soil surface and 
1,; 

structure. CompactioD. causes a hard ::flat layer which has a 

np~Rrive effect on soil. 
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On cornpactcd soils, it is difficult for water to permeate 

below the layer there by causing soil crosJorl,. or v;a ter logging. ,.. 
1. 

n~t.~r;l1:·.I":.1~-! r.~ (;f n();r.l Con,D')" ".:.('1' _.-........ __ .. _ .. __ ............ _---- --_. __ .. _ ........ - .. - .. -

The normal param8 ter-s to es timo te the degree of soil 

compac tion arc J1!:n:imum r- ;."cssurc of mechanical devices on soil 

Pk and normal stress 00.5 (--> a depth of O. 5m) . To de termine 

the maximum pressure of wheel tractor on the soil the following 

expression can be used 

Pvl Pw AvJ 

•.•...• (2.24) 

vlhere PWAV Average pressure of -wheel tractor on hard surface, 

which is determined experimentally: 

Pv; Soil compaction 

K2 Coefficient of longitudunal unequal distribution 

0:Z pressure on contact surface Kl = coefficient 

which de?cnds on externa141ameter of tires 

hi Aw = Gk 
Ak 

Gk = Vertical load on tractor in (KN) 

Ak = Area of contact surface of tire with soil in 

meter square. 
" 

Horton's Equation: 

In this study Horton's equation (2.1) shall be adopted 

to evaluate the intake characteristic of soil at the selected 

mechanised farms in Niger State. 

The equation (2.1) :l.s integrated as follows to evaluate 

the ncctunmulated ucptll of W:.lter :l.nEiltrated during a givcn 

time period. 

I'· = Jot ~1 rct 

= J~ -kt 
fc + (fo - fc)e dt 

;. 
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s ~ fc:1t + S~ (fo 

F fct + (=0 - fc) 
,.,- t 

[ 
, -.L,,"'--

-J..B J 
- a 
k 

F = fct 
-kt + fo - fc [-e + eO] (2.25) 

If fa - ~C! a 

F fct + r - -i<,t 
+ eO] a c.J.. e 

k 

k 

where 

F = Accu~ilalated infiltration 

The constant infil~ration capacity as t approaches 

infi~::'ty. 

fa Infilt~a~ion c~?acity at the on set of infiltration 

k a positive constant for a given soil and initial 

ccr:.d.i;:ion. 

t t:":r.8. 

In -:::h:i.s stady to c2terIiline the soil characteristic constant 

k, the Horton's equation (2.1) was tra"9-sf6rmed to equation 

of a straight l:i.r .. e by taking the logarithum as follows 

Horton's equation (2.1) 

f 
" -kt 
fct (fa - ;fc)e 

to find the log on both sides 

Log 

Log 

Log 

Logf 

f 

f 

f 

.c 

.L 

-kt fc + (fa - fc)e 

logfc + log (fa 

-kt 
10Z + leg e 

log 
-kt 

fa + log e 

log fa k.t log e 

logfo K log e.t 

y C+m.x 

f~) + log 
-kt 

e 

which is a s~raight line graph with the intercept 

c = log fa and gradie~t 

TIl gradier.t 

(2.26) 
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3.0 Ml\.l'ERIALS AND METHOD 

3.1 Introductory Note 

In this Chapter tho procedure to determine the soil moisture 

content and infiltration ra~e are discussed below. 

The infiltration rate experiment is~o determine the rate 
1:!' 

" l 

at which water goes or penetrates into the soil at a known 

moisture, by obtaining the drop in height of \-wter in the double: 

ring infiltration at a fixed period of tlme. 

3.1. 2 GRAVINETRIC TEST APPARATUS/1-1ATERTAtS 

Moisture cu~ and lids 

Sample core 

Cutlass 

Plank 

Oven 

Weighing Machine. 

3.1.3 SITE DESCRIPTION 

The sites have n geogrDphical coordinatcB of lutitucicH 9°L15N 

longitade 6°07E for N.C.R.I. located at altitudes 70.5 metres 

above sea level and Guinness farm is located on latitude 9°N 
••. t • 

. ' 

and longitude S030'E in Kudu, Mokwa Local Government. 

The N.Y.S.C. farm is on latitude 9°41'N and longitude 6°20'E 

in Garatu. .' 

Vegetational1y, the three sites are located in the sudan 

guinea savannah region and has basically the rainy, harmattan 

and dry season weather. 

3.1.4 EXPERINENTAL LAYOUT 

The design of experiments was a randomised complete block 

(R.C.B.) with three treatments. The tilled (T), Non-Tilled (NT) 

and Tractor tracks (Tt); and ",ith three replicates. The 

experimental layout is illustrated in Fig. 3.1. 



- J? -

Plot sizes were Sm x Sm and seperated by 2 meter alley between 

e;:tch other. Plots were marked out in 3 sites to corres?ond to 

the Tilled (T), Non-Tilled (NT) and Tractor tracks (Tt). Other 

features of the sites are shown in Table 3.1. 

The sumple core i~1 m:lcic of wrought iron and it is bevelled 

at an end. 
, 

The size of the sample core is 7cm diameter by 7.3crn in 

height. 

3.1.5 PIWCEDURE 

The sample cores are placed on the soil (0 - l5cm) and driven 

in by applying force from weight. When the core is filled with 

soil, it is gently removed by placing a cutlass under the sample 

core; so as to prevent the soil in the core from falling off. 

After removing the sarr.ple core from the soil, the soil is 

transfered into the moisture can and covered immediately to avoid 

moisture loss or gain by evaporation or condensation. 

The cans are placed :In a cool place after been filled with 

soil. 

The smuc procedure is rcpc.:J.ted [or 15 - 30cm, and 30 - Lf5cln 

soil depth. 

The cans are all covered with their lidf;.f dfter filling it 

with soil. 

All the samples are taken gently in a container into the 

laboratory, where an ele'ctronic weighing machine is used to 

measure the weight of the cans and the soil. 

The cans are all labelled and weighed before being taken to 

the field. 
.\ 

The cuns Olrc labelled in this way: For the tilled soil cOlns, 

vJe have: Tl, 0 - 15,1'1,15 - 30, Tl, 30 - Lf5 cm 

T2, 0 - 15, T2, 15 - 30, T2, 30 - 45 cm 

T3, 0 - 15, T3, 15 - 30, T3, 30 - 45 cm 

This shoVls that for plot one of the tilled soil, Tl is used 



The cans containing soil after being weighed are placed in 

the oven for 24 hours at a temperature of lOSoC. AFter 24 hours, 

the oven is switched off and opened for the cans to cool a little' 

before it is being weighed again and recorded. Empty can from 

the oven are re-weighed to make sure that the cans were properly 

weighed. 

Fi j 3' r L"'j 0 ~ 0+ --r,.,.~ €/.K-.p~'" ~0'1e.v'\..-t 
Show~~ -\--<eo-.+n'1e.A-ts o...",d 
.plot ~. 

3.1.6 PLOT DESCRIPTION 

2J. I . b. t The tilled Plot 

It is an area that has always been cultivated for the past 

years and crops are planted on it. 

It is to show the effect of infiltration on this soil. The 

soil had been tilled before this experiment was carried out. 

The tillage operation done on the plot is ploughing. This 

makes the soil loose and allows for easy percolation of water 

during the Experiment. 

3.l.b.2 The Non-tilled Plot 

3.1,6.3 

Due to the effect of continu01J.E. farming,,'operation on the 
,.J ( 

soil, by machine (s), is selected w-he::-c the soi-Ii i.s .a1:':i1cst 

its natural state' for a long time"without any machinE? 

relationship~ Border between fields are normal,1 used for this 

experiment. This will give room for comparison of the effect 

of machine operation on the soil and non machine operation 

on the soil. 

The tractor trac ks plot. 

This is an area where there has always been a constant 

machine traffic travel which the area experienced soil compaction. 

I 
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The essense of this is to k~Ovl the effect of soil com?action 

on the soil as regards its rate of infiltration 

3.1.6.4 CroD Residue on Surface -... - ..... --.-~---- .. -.-----------.-... -

This is the a:r.lOunt of plant "that renains on the soil from 

the h:.st season u? to the present t::"me before t~_e experiment. 

The table ,belcw sho,~stl:e fea::~r25 or the pJ ntB. 

Table 3.1 Fec:.tures of the Ti,lled, :t~on-TiJlp.d;lnc1. Tr<'lctor 

Features 

Types of farming 
operation done 

Period operation 
last perform 

Surface Configu­
ration 

Tracks ?lots N.C.R.I. 

Tilled Non-Tilled Trac tor Tracl(s 

Plowing :Ho farm operation: Tractor movement 

3 days 5 years 

Rough Smootn. ," . . ,' 
" 

3 days 

"Compacted 

This informations are gotten from the farm agronomy department 
of tne farm. 

Table 3.2 Features of the Tilled, Non-Tilled 

anand Tractor track plot of Guinness farm 

--------.--- -,--------.--,-----------------------------
Tined Non-Tilled : Tractor Track 

· . · . -- --...---- ~- ---.--~----~ .. -- ------ _. -" ---------_._-_._--------_._-----------
Type of farming P10vling a'C1d 
operation done Fertilizer Non-farming Tractor 

application operation tracks 

Period operation 
\Vas last performed: 2 Weeks 8 years , \\Teek -'-

Surface Configu-
ration Rough Smooth Compacted 

· . . · . . . _____________ . __ -_._-------__ ---__ 7.- ______ ... __ . ______ . __ -____________ . ___ ._._. ____ ._ 

Informations are gotten from the farm agronomy department of 

t~e farm. 
Table 3.3 Features of the Tilled, Non-Tilled 

and Tractor plot of N.Y.S.C. Farm 

Features Tilled Eon-Tilled : Tractor track 
· . . · . . --_. __ ._- ----------".-.------ ----------------------------------_._---------_. 

Type of farming 

operation done 

Period operation 

Plovling 

was last performed: 3 days 

No farming Tractor 

operation tracks 

10 Years 3 d.ays 
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1u ~his stud,. Horeon's equation vas adopted to d~velop the intake 

eharaeteristic equation for the 80U. encouutertld. The infiltration 

rat.e "nd 3f.ccurQIPNb.ted. :!nH.ltratic.n depth equation shall represent 

the ohaexved deeresaC! of infiltration rate with:i_. 

The ehoice of the Horton'. equation for thh study is due to thi/ 

fact that thf' Herta..,':: equation has the cc.'nsioer.'!tion f~r t~ 

aecU'WIlUlat!!Ci depth Eiquat10n snd it ha. the ea.iest foraular for 

caiculatina the infiltration depth. 

/vA-TlONA1- CE~_ertl p(E$8/t"t.C~/N&T(/(/I6", .8A-~§E6C?I 

~.;2 ... , 

In tbe 18th <:entury, averentHH!1 had already baen created 

b;r res..-ar.c.hnre, to improve plant 'luaU ty; in yield and 

re~ililt':lnce to dis.gees. This h gesture was alflo extended 

to SO!!lIa African countries by th~ dpvelopod country and in 

lSt)B e ~(·T,..,a.ch j,nstitute on cen~ttta like rice, .ilIet etc. 

vas devel<.)ped at I bl'l dllfl calldd Moon Pl.;nt&tion in 010 -

State of Nigeria. 

lo{oor~ Po] s.nt:'1t.iC'n as :tt that time was the hu.dqu-arters 

of cot'esll'!t n:6e&l.rc:h institute in Nigeria. In 1984, the 

ras.arch l.nsti.tute felt ther~ was n(~ed to centralize the 

pr.ogremtn',!,. ~;C tht.t ""U states lII<ly benefit and the National 

made the h~adquart~~s. 

'n-.~~ ~at:1{l:lal Cer.'!~18 R&8p.arcb !nntitllte (NCR!) Pm .. "m is loc;;,.tcd 

at la t !tude 9° 45N' ~nd longitud~ 6· 07£ in Baddeggi. Bida Local 

It 1$ about 90km away fro~ Minna the 

l.'U.ger State C;lpital. N. C. R. I ... iu in the SUdetl guinen Savr.nn*'t~ 

a;.':l;Lll:~ normally occurs from. 11ard~ t.o October in Baddeggi • 

.... -: ~h h-.! nl~ak ra.infa.ll around .iulv!J.,ugust. 
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'~',\')t:! :I.nfot'1lations coll.cud at the N.C.R.I. library, the 

lULdciag&i fil.rI!:i ~'''~8 f't"oposed to gTow d:f.fferant cereal crops but 

r~ce is the! mandate crop of the fftm. Hawver t crop 11ke cowpea, 

.,')yo. bea~$ .and pigeon pea are planted t~o r~plen1sh the soil. 

Rice Pl!lntatiou if; done (1n the lowland nnd upland and this 

giv{:.:. '!i!' .• to t;:'!.E! ntll1.2; upland rice ·'r l·.)Wland rice. Du! to the 

high vater level of the lowland arei,» the upland are. wae only 

Rice. g!:own 1~1 the apland always requires water depth of between 

!.oOam - lS00an to th!:ive welL 

It ~_'-' tl1.'l Ill~ef' "dth gentle slope ~ this helps in the good 

drainage of the t'1ce field. 

-~:.; ~_, ,3'";<' ~ ~~!.11!'~I:_~~gl£! 

,. 
- - / 

·th~ ~'.C.R.!. r.:l1.:Ta has I! bout 85 hel!t~rs of cultivable land 

for exper:f.mental research out of the 100 hectere. land 'lUSS. 

Thet'~ aTI'! different fam operation done in the N.C.It.1. fana 

l:U:e p1,·:llt..ellh~~, bal'!v'dng plsutlng, spraying of herbicides and 

harvest1n$. The tral!tor used in. N. C.R. 1. :1s the universal 

tuct"r. Stflyr is thft CODOWn Rodel of tractor being used. The 

JUOdel used in the 8075 lIlodel with about 4S horse pover. The 

various Imple~ntg uS!td for the f:araaing opera.tion are tractor 

drawn implements. 

The type of so11 found in thb area is a sandy loam soil, 

c!l\saif!.;d e~ th~ oxic p3le.ust~1 f typo af ~otl. 

It i:! friable with low water rl!!tair,ing capacity. 

slightly acidiC' in natura with H P H .:'If about 4.9 - 5.6. 

It is 

!t has a high organi.c 1\mttes: ~_eveJ.. This datas are got.ten 

from the soil science de!,artme!"t of thf! Fedf!ral University of 

T~chnologYt Minna. 
I . .• 
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3'.3 <2.. 
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GUINNESS FARM NIGERIA P.L.C. KUDU 

Ictroduction Note 

In 1983 ~ the Federal Government of Nigeria banned import 

of malt and barley for the production (If beer. This was in 

line with the gO'/l!rnl1lent policy to introduce self reliance and 

the use of local m3terinl in the production of goods and 

Guinness Nig.:ri.::i P.L.C. brewery W;lC .'lL,n Jffectcd with thic, 

01 Guinncb3 Nigf'ri<" P.L.C. brewer;, i;. :i.90b. The f ... rm was 

var iou~: 

LOCATION 

RAINFA:"L 

j 
• ., -~ . the '~iHl::try .,r:d to know 

Thi;; 

t t 1.;~ 

The Len 

R,linrdl1 ncrm;Jl1;·; l)CCUrf! rrom l'!arch t" OctClb'H with is peak 

around July/Augu':t. 

CROP GROWN 

I .•• 
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Crops like soya be,1:1:'; and cow p~a :lre also grown to replenish 

the 90il cutrients. The rain fall pi.ittl~rl1 hnn favourc,d the 

growth of maizf' if' the area. Crop=< are grown on('~ a ye,'lr 

because they engage ip rain fed fnrming. 

3·:3:5 TOPOGRAPHY 

Thf~ area is gt~m'r,"!11y fV.l.t with 1:101"l1:.' recky areas ar,d this 

h~5 rendered somt: "r.e.:;s ul:cultivable. 

G(·nel'ally'. there ere trees ir: th? nrc,. which <:lcts as wind 

br~aker~. 

CULTURAL PRACTiCE 

out of' th(: 4000 ll('ctan~~ laT1d mns~;. Th"" la~d under cultivntion 

There an; v,:.rious farming op(:ri~ticp~ th"'.t ~re undergone on 

t11;; farll1. 

,.Ire the double gang h.:1rrct-l. 

fOr pl . .:mti:lg. 

appl i.C·!tiO~l fertilizer. The boom "pr;.,yer h~ used for thr. 

ait~~ plcughing n:-.d thl'! other one 3.ftt~r plar~tL1g. iiarvt!flting 

III 

Trnctors 

of mnd .. ~l :0:75, :::90 o~· 45 hot's'" power, the univf:rs[:;. tra.ctor.:~ 

used for ferLl1[zer upplicJtion Bnd hrrbicid~s application. 

to t h(~ t rt~cto'.: ; "are trailed . 

I ••.. 
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son., l'YPE 

Kudu is it: th,::! sud<in guinea G.:lv:mnnh it:. Niger!.'l. Ferr::;.;:;ols 

if> the common typ,-~ or ~oi 1 found in th:;.[; <It"e,-·. They ar~ reddish 

yello\: in cc;10ul" "lith il deep tri;;.blc' ,~:1(: porou:; n~ture. 

It: i!. EJ. deep porOUf~ s~ndy or Gandy lo.ltll :wil with increasing 

cl:lyey CG~1tent. 

,,"!.-4 THE NATlO:~AL YOUTE SERV:CE CORP FARM 

" ,/ 

Introductic~ ~ot~ 

Plot B of 7 hcctDres is the> neW' ple,t that has _lust be.~:1 

LOCATION 

Julj/Augu:.;t. T,:,bL~ 1.3 is provi,d('d it; App::~dL: D5. , •.... 
I ., .• 
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CROP GRO~,m 

Ric." is the ~'1jcr. crop grown ir'. the H.Y.S.C. Farm. Th(~ ,>eed 

developmer 1; f.:cr!!! is u~;('d it' develo?i.ng seech; th1!t ar,.. u~ed fo!' 

Jut' I· _J thp high ppr~entAge of clay 'md w.1tl"r retention 

abilit:, f)~ the snj 1, lowl<l~1d rice 1-6 planted. Rice could have 

TOPOGf{APHY 

w) '::"c·r. 

CUI.. TUP,l1.:_ PRACT:;: C 

SOl', TiPE 

! ....... 
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,)ETERHINATIO'N OF SOIL BULK DE~\;SITY (B. D) 

The soil in t:;'c ~ ,..-' \ .- ~ sample co:::-e a-:::e ?ou:ced .... r.~o ,ca-no ,·;i th lids, 
"r" 

weighed and placcd in t~; oven to dry fo:: 24 hOUl"S c..t a' 

temperature ad lOSoe. The reading are recorded for all plots 

and treatments. 

The samples are weighed again &fter 24 hours and the readings 

were also recorded. The data obtained were recorded in table 

3.7 to 3.9 and equation (2.18) is us~d for the calculations. 

The sample core has a diameter of 7. Oem. The radius of the 

core 3.Scm, the height Gf the core is 7.3cm. This core is used 

for all the experiment. This gives the same volume of samples 

for all the experiments. 

DETEfu'1INATION OF POROSITY 

The porosity is determined by using the field data. Table 

reading (Tables 3.7 - 3.9). 

Equation (2.23) was used for the calculation to obtain the 

ratio of the volume of pores (voids) to the total soil volume 

of all soils encountered. 3.9) snows all 

gravimetric data and results. 

'3·7 INFILTRATION RATE APPARATUS/H.ATERIALS 

Stop watch or wrist watch 

Measuring Jug 

2 Cylinders, 

Ruler 

Plank 

Weight 

Drum and Buckets. 

In performing this experiment a double ring infiltrometer 

was constructed. The t';-iO cylindcical rings have a height of 

2S01Thll and the outer diameter is 600nun. The diameter of the inner 

cylinder is 300mm. The cylinders were constructed using 

galvanised flat sheet of 1.Smm thickness. 

Plate 3.1. 

/29 ... 
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Table 3.4: GIAV1MEftlC T!Sl n!LD DATA or TBE lIATIOIW. COIEAL USEO.CH IlISTrttrrE IADD&GG J 

• JIISB niGIlT D GUllI - • DU VIIGIll' D GUllI - • DIPI'DDCI WEIG1lT .-'. MOlSTUU COII'Uft u 
________________ !!!~_2!_~~~~S(Il_ ________ ~!~~!_~_~~!I2 _____ ------!!-!~!-------------------~!!-C!!!!~-!r----

11 ~~;-~----~~;__~;~~-~~~~----~;~----~~;~~~;_----_;;~~---;;:;;---~~18---------~:___---;~;;-t--;: 
M ... -411 

-------------------------------------------------------------------------------------------------------~------------
£5.- 30 490.19 500.63 508.16 450.16 463.36 463.50 40.63 37.21 40.66 9.05 8.04 9. 

~ -----------------------------------------------------------------------------------------------------------------------.----
30 - 45 506.32 495.65 504.32 410.03 462.29 459.01 36.29 33.36 45.31 7.72 7.21 I 9. 
--~~~-.----~~----~. 

,_ ... _ •••• _________ , I _ ... _ ,-- . ---------~---------- . ----------------------~--
Avera,e 492.47 493.81 500.39 453.69 458.28 466.94 38.18 35.52 43.45 8.51 1.15 9 ---- ------------------------------------- .... _---------------------------------- ----------

I 0 - 15 410.31 503.75 512.39 469.11 462.78 470.14 40.63 40.97 41.65 8.65 8.85 8 
:or: o ..--,-------------- .-----------------.....--........ ----------------------. - •. . ----------------z 
~~5 - 30 502.16 500.56 506.71 459.98 437.27 467.32 42.18 43.29 39.39 

IIJ 
9.16 9.11 • 

~~-------------------------------------------~------------------------------. - -------------------------------~--------
~~o - 45 496.78 508.13 508.91 452.66 462.00 464.75 44.12 46.13 44.16 9.7~ 9.98 9 

----------------------~----------------------~----------------------------------- - --------------------------------------
Aver .. e 503.08 504.14 509.33 460.77 460.68 467.60 42.31 43.46 41.73 9.18 9.43 e 

'"' o - 15 496.80 497.19 407.78 460.69 466.72 464.11 36.11 30.41 33.67 7.83 6.52 ~ a ----------------------------------------------------------------------------------------------------------------------------. -u 

~ 

"'''~,. 

15 - 30 

30 - 45 

Avera,e 

503.61 499.32 502.69 470.50 

500.39 502.36 505.12 461.49 

500.28 499.62 501.86 464.22 

• • 

463.76 466.01 33.17 35.56 36.68 7.04 7.66 

463.17 455.63 38.90 39.19 49.49 8.43 8.46 11 

464.55 461.91 3( .. 06 35.07 39.94 7.76 1.54 
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table 3. 5 ~ GRAVIHETllC lEST FIELD AlIALYSIS or THE GUINESS FAIM PLC KUDU 

DEP'l'B 

llISB WEIGHT IN (G) 
WEIGHT OF CAM 0.45(8) 

A B C 

DkY WEIGHT IN (GRAM) 
WEIGHT OF CAN 0.45(8) 

A B C 

DIFFU.DlCE II( 
WEIGHT IN (GUM) 

A B C 

HOISrou: COllTEKT IN 
PEllCDT 1 

It. B 
~ 
~ 0-15 547.90 560.62 533.64 511.98 521.70 502.35 36.32 38.92 31.29 7.09 7.46 
~ 
< 15-30 548.00 568.26 514.28 511.64 534.86 540.08 30.36· 33.40 34.20 5.86 6.24 

I § 
!, . ~ 30-45 554.65 573.20 581.30 515.34 532.84 541.40 39.31 40.36 39.90 7.62 7.57 

.. (i' 
1/ ' 

Y 
"/ 

/// 

~
~-#:11 

V 

7 : , !".) 
f" 

''>' .. 

Avera,. 550.18 567.36 563.07 514.98 529.80 527.94 35.33 37.56 35.13 6.85 7.09 

t 

~ 0-15 598.60 574.48 588.60 562.31 539.16 551.88 36.29 35662 36.72 6.45 6.60 

~-~---------------------------------------------------------------------------------------------~~ 15-30 560.00 575.42 586.29 522.81 535.44 547.29 38.29 39.29 39.00 7.32 7.46 

§~r----------------------------------------------------------------------------------------------~ ~ 30-45 562.38 588.90 582.78 526.85 552.48 539.54 35.53 36.42 43.24 6.74 6.59 

Avera,. 573.86 579.60 575.89 537.32 542.36 546.23 36.709 37.11 39.65 6.83 6.88 -
~ 0-15 582.60 593.30 598.80 541.98 548.91 548.72 40.62 44.39 49.78 7.49 8.08 - 15-30 590.63 599.30 609.35 547.34 552.52 561.05 43.29 46.78 48.30 7.91 8.46 Co) 

§ 30-45 593.24 602.35 6&5.67 546.94 553.56 555.42 46.30 48.79 50.25 8.46 8.81 
~ ,I 

Avera,e 588.82 598.31 603.60 545.42 551.66 555.06 43.40 46.65 49.45 7.95 8.45 



Table 3.6: GRAVIK!ftIC 'lIST FIELD ANALYSIS OF TD MATIONAL YOtml SERVICE COIP FARM GAllATlr 

-----------------------------------------------------------------------------------------------------------------------------
FRESH WEIGHT 1M GIAH 
WEIGHT or CAN 0.45(g) 

DRY WEIGHT Ui (GUM) • DIrrEIWICI IN 
WEIGHT OF CAN 0.45(1) WEIGHT IN (GB.AH) 

MOISTURE COlCtENT IN 
PERCENT % 

---------------------------------------~-----------------------------------------------------~-------------------------------
DEPTH A B C A J C A B C A B C 

" -----------------------------------------------------------------------------------------------------------------------------
; 0 - 15 498.60 443.83 426.78 460.21 409.63 41'.58 38.33 34.20 16.20 8.32 8.34 3.~ 
~ --------------------------------~-------------------------------------------------------------------------------------------... 
~ 15 - 30 452.77 462.38 431.51 426.78 415.80 406.25 25.09 46.58 25.26 6.08 11.20 6.: 

~ .-----~-------------------------------------------------------------------------~----------------------------------------. 
~/ ~O - 45'387.84 384.62 498.29 358.76 348.38 345.65 29.08 36.24 52.64 8.10 10.40 15. 

----~----------~~~------------------------------------------------------~-------------------------------------------
Average 446.40 430.28 452.93 415.27 391.27 387.49 30.83 39.01 31.37 7.50 9.98 8. 

----~----~--- ~--~-----------------------------~--~---~-----------------------------------------------------------
t III: 0 -IS 455.35 468.38 462.92 429.42 444.90 434.43 225.93 23.48 28.49 6.03 5.21 6. 

"i -----------------~~--------------------------~-------------------------~---------~--------------~-----~--------C"\ ..." _ . 

I ... &115 - 30 4S7.09 -··463..94 '73.64 431.18 429.35 433~34 _25-..91 34.59 40.60 6.00- --, 8.05 '. 9. 
~ H-', -
q ..J ---------------- ---------~:__-------------------------. _.... •• _ ... ---------------------.... ;:M ' 

... 30 - 45 478.00 468.46 484.28 445.84 430.07 448.04 32.16 - 30~39 36.24 1.21 7.66 8 

J -u 

~ 

A.erllle 463.48 466.93 473.61 435.48 434.71 438.60 28.00 29.49 35.11 6.41 6.79 8 

o - 15 410.71 484.0 434.22 448.00 456.84 409.42 22.71 27.16 24.80 5.06 5.94 6 

--------------------... -------------------------------------------------------
15 - 30 454.11 509.10 451.50 434.98 486.79 423.79 19.18 22.31 4.40 4.58 4.58 6 

---------------- ~----~---------------------------------~-----------------------------------------------------------------
30 - 45 444.65 467.72 457.00 414.98 438.84 436.90 29.61 '. 2&.88 .-20-.10 7.14 6.58 4 

-------------------------------~------------------------------------------~-------------~, .---------~-~---~---~ 
A.erap 456.51 486.94 449.51 432.65 460.82 423.31 ' -'23~85 ~6.12. 24.20 ~", ,5.53 ,,5.10, 
----~------- .. _______ .-.-_ ... ________________________________ 4, ..... ~...-..--- ._- -~. :;.. __ ~-~~.::-~ 

'~- \. 

, ,~ 

\ ., 
" 
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tabla 3.7~ NATIONAL CEUALS USEAltCB INSTlTUTI BADDlOOI 

8UI..K DENSITY POROSITY 

'LOT A DEPTH 
(TILLED) (em) A B C A • C 

1 OO-l~ 1.56 1.60 1.59 41.13 39.62 40.00 

2 15-30 1.60 1.64 1.64 39.62 38.11 38.11 

3 30-45 1.61 1.64 1.63 36.98 38.11 38.49 

Av.ra •• 1.61 1.63 1.62 39.24 38.61 38.87 

PLOT B 
(NOII-
TILLED) 

1 0-15 1.67 1.65 1.67 36.98 37.73 36.98 

2 15-30 1.63 1.62 1.66 38.49 38.86 37.3~ 

3 30-45 1.61 1.64 1.65 39.24 38.11 37.U 

Av.raa· 1.63 1.64 1.66 38.24 38.23 37.35 

PLOT C 
(TllACK) 

1 0-15 1.63 1.66 1.65 38.49 31.35 37.73 

2 15-30 1.67 1.65 1.66 36.98 37.73 31.35 

3 30-45 1.64 1.64 1.62 38.11 38.11 38.8b 

Averag. 1.65 1.65 1.64 37.86 37.73 37.98 

Ill ... 



Table 3.8 
T.A-e,t,e '3' ? 

GIIIIESS lARK KUDU FIELD ANALYSIS NATIONAL YOutH S!aVI~! CORP FARK GARATU 

BUl..K DENSITY _ POROSITY ------
PLOT A DEPTH BULK DENSITY POROSITY PLOT A DEPTH •... _ .. _-... _.- -~ . .- --, ._ .. --... _---_ .. 

(TILLED) c. A B C A B c (TILLED) em A B C A B C 

1 0-15 1.82 1.86 1. 78 31.32 29.81 32.83 1 0-15 1.63 1.45 1.46 38.49 45.28 44.90 

2 15-30 1.84 1.90 1.92 30.06 28.30 27.54 2 15-30 1.51 1.47 1.44 43.01 44.53 45.66 

3 30-45 1.89 1.89 1.92 28.67 28.67 27.54 3 30-45 1.27 1.23 1.23 52.07 53.58 53.58 

Average 1.85 1.88 1.87 30.02 28.93 29.30 Average 1.47 1.38 1.38 44.52 47.80 48.05 

PLOT B PLOT B 
M (NON-TILLED) (NON-TILLED) M 

1 0-15 2.00 1.911 1. 96 li.52 27.92 26.03 1 0-15 1.52 1.58 1.54 Al.64 40.37 41.88 

2 15-30 1.86 1.89 1.94 29.81 28.07 26.79 2 15-30 1.53 1.52 1.54 42.26 46.64 41.88 

3 30-45 1.87 1.96 ' .• 92 29.43 26.03 27.54 3 30-45 1.58 1.53 1.59 40.37 42.26 40.00 

Averaae 1.91 1.92 1.94 27.92 27.34 26.79 Avera.e 1.54 1.54 1.55 41.16 43.09 41.25 

PLOT C 
PLOT C (TRAa) (TRACK) 

1 0-15 1.92 1.95 1.95 27.54 26.41 26.41 1 0-15 1.59 1.62 1.45 40.00 38.86 45.28 

I 15-30 1.94 1.96 1.99 26.79 26.03 24.90 2 15-30 1.54 1.73 1.50 41.88 34.71 43.39 

3 30-45 1.94 1.97 1.97 26.79 25.66 25.66 3 30-45 1.17 1.56 1.55 44.53 41.11 41.50 

Avera,e 1.93 1.96 1.97 21.04 26.03 25.66 Avera,e 1.53 !> .. 64 1.50 42.14 38.23 43.39 
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/ 3.3 INFILTRATION R},TE METHOrOLOr.I 

Plots for the experiments were levelled by removing grasses 

and debris just at the surface. Care was taken so that the 

surface structure of the plot is not destroyed. 

The double ring infiltrometer was placed on the selected plot . 
. " '. 

First, the inner ring is placed on the soil.' The ring is then 

inserted into the soil by placing a plank across the ring and 

tapped gently until the ring has gone into the soil within a 

depth of 100 - l50mm. 

The inner ring has a ruler attached to the inner side, This 

allows for the reading of the water level as infiltration 

progresses. 

For the tilled soil the inner ring is installed at a depth 

l30mm due to the loose nature of the soil to avoid water seepage. 

For the Non-tilled and compacted plots has their rings inserted 

to a depth of l30mm as well. 

After the installation of the inner ring, the outer ring was 

also installed in the same manner to a depth of l50mm. During 

the installation of the outer ring, care was taken to centralize 

the distance between the two rings. 

The depth is re-checked with a ruler to ensure a perfect level 

before commencing the experiment fully. 

The distance between the two rings is also measured with a 

ruler as well. 

A drum of water was placed close to the experimental site 

for constant water use. 

A small quantity of grass is placed in the inner and outer 

ring of the infiltrometer to avoid puddling when pouring water 

in the rings. Water was measured with a four litre capacity 

can and the watch was set at zero reading. After the 

infiltrometer was put in place, water was pOVJered into the inner 

ring and simultaneously the ,watch was started. 

/35 .... 
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The inner ring was filled up to a level of 22cm reading on 

the ruler in the inner cylinder. This implies that 22cm on the 

ruler is used as the reference point. When the 5nner ring has 

been filled up to the reference point, the outer ring was also 

filled up to the reference point. The ,.;rater level in the inner 

ring was maintained in the outer ring. 

On the tilled plot, the reading were taken every 2 minutes 

because of the high infiltration rate of the loose soil. Water 

percolation was very high at the initial point of the experiment. 

For the non-tilled and compacted soil the reading were taken 

every 5 minutes or 10 minutes depending on the nature of the 

soil. 

The readings vary depending on the type of soils and moisture 

content of the soil. 
It 
;"( ~ 
$:' 

The time reference point also varies dependjng on the 

location. 

After every reference time expires, a reading is taken and 

the rings are filled back to the reference water level taking 

cognisance of the inner r~ng. 

The experiment continues for som.: ~ime until when a constant 

reading value il: obtained for about 3 to 5 times. 

For every experimer.t, infiltration rate reading was not less 

than an hour but not more than 2 hours 30 minutes.~ 

After every experiment, the rings were removed and taken to 

another plot. 

The data obtained are shown in tables 3.10 to 3.12. 

Three replicates were taken on each site. 

., 
'. , -

-,.\: 
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Table 3.10: THE NATIONAL YOUTH SERVICE CORP FARM GARATU FIELU DATAS 

(>1.UT A (l'ILLlID) 

Water Water Water Water 

Time Level Difference Level D1UIl:Irence L';~vel Difference 11me Level OHference 
Reading Be.ding REiading Reading 

0 22.00 0 22.00 0 22.00 0 0 22.00 0 

10 18 .. 00 4.0 15.50 3.5 18.20 318 10 20.00 200 

20 20.00 2.0 20.00 2.0 19.50 2.5 20 20.50 1.S 

30 20.50 1.5 20.40 1.6 ;W.~O 1.5 30 21.00 1.0 

40 21.00 1.0 20.80 1.2 21.00 1.0 40 21.10 0.9 

SO 21.20 0.8 21.10 0.9 21.20 0.8 50 21.70 0.7 

60 21.20 0.8 21.10 0.9 21.20 0.8 60 21.70 0.7 

70 21.50 0.5 21.30 0.7 21.40 0.6 70 21.50 0.5 

80 21.50 0.5 21.50 0.5 21.40 0.6 80 21.50 0.5 

90 21.70 0.3 21.70 0.3 21.70 0.3 90 21.70 0.3 

100 21.70 0.3 21.70 0.3 21.70 0.3 100 21.70 0.3 

110 21.70 0.3 21.70 0.1 21.90 0.1 110 21.90 0.1 

120 21. 70 0.3 21.90 0.1 2~.qO 0.1 120 21.90 0.1 

130 21.90 0.1 21.90 0.1 21.90 0.1 130 21.90 0.1 

140 21.90 0·1 21.90 o , 21.90 0.1 140 21.90 0.1 

ISO 21.90 0.1 21.90 0.1 21.90 0.1 150 21.90 0.1 



(NON-
H.oT t. (TILLEz) PLOT C (:TRACK) 

Water Water Water Wahr Water 
Lnel Difference Level Difference Tiae Ln.l DUference Level DUferenee Level Difference 
!!!~!~i _________________ !!!~~I ____________________ !!!~~I ______________ !!!!!~I ______________ ~&!!!I _______________ 

22.00 0 22.00 0 0 22.00 0 22.00 0 22.00 0 

19.80 2.2 20.00 2.0 10 20.20 1.8 20.00 2.0 20.00 2.0 

20.50 1.5 20.40 1.6 20 20.50 1.5 20.50 1.5 20.20 1.8 

21.00 1.0 21.00 1.0 lO 20.80 1.2 20.70 1.3 20.40 1.6 

21.20 0.8 21.10 0.9 40 21.00 1.0 20.90 1.1 20.60 1.4 
'. ,... 

21.20 0.8 21.20 0.8 SO 21.20 0.8 21.10 0.9 20.80 1.2 
,." 
.~, 

\I,) 

21.40 0.6 ,,,, 21.40 0.6 60 11.40 0.6 21.30 0.1 21.00 1.0 

21.40 0.6 21.40 0.6 70 21.40 0.0 21.l0 0.7 21.20 0.8 

21.60 0.4 21.40 0.4 80 21.40 0.6 21.80 0.5 21.40 0.6 

21.70 0.3 21.60 0.4 90 21.60 0.4 21.60 0.4 21.60 0.4 

21.10 0.3 21.70 0.3 100 21.60 ( •• 4 21.60 0.4 21.60 0.4 

21.90 0.1 21.90 0.1 110 21.70 (, .3 21.70 0.3 21.70 0.3 

21.90 0.1 21.90 0.1 120 21.70 0.3 21.70 0.3 21.10 0.3 

21.90 0.1 21.90 0.1 130 21.80 0.2 21.80 0.2 21.80 0.2 

21.90 0.1 21.90 0.1 140 21.80 0.2 21.80 0.2 21.80 0.2 

21.90 0.1 21.90 0.1 ISO 21.90 0.1 21.90 0.1 21.90 0.1 



Table 3.11: GUINESS FARK PLC KUDU FIELD DATA 

Time 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

Water 
Level 
llead~g 

22.0 

16.5 

17 .7 

1S.2 

18.6 

19.00 

19.30 

19.50 

19.90 

20.00 

20.20 

20.20 

20.60 

20.60 

20.80 

Difference 

0 

5.5 

4.3 

3.8 

3.4 

3.0 

2.7 

2.5 

2.1 

2.0 

1.8 

1.8 

1.4 

1.4 

1.2 

¥LOT A (TILLEIJ) 

Water 
Level 

Reading 
Difference 

22.00 0 

16.10 5.3 

11.50 4.5 

18.00 4.0 

18.50 3.5 

18.90 3.1 

19.30 2.1 

19.70 2.3 

20.00 2.0 

20.00 2.0 

20.30 1.7 

20.50 1.5 

20.70 1.3 

20.80 1.2 

21.00 1.0 

Water 
Level 

Reading 

22.00 

16.50 

17.50 

18.20 

18.60 

19.00 

19.20 

19.25 

19.80 

19.90 

20.10 

20.20 

20.50 

20.10 

20.90 

Difference 

0 

5.5 

4.5 

3.8 

3.4 

3.0 

2.8 

2.5 

2.2 

2.1 

1.9 

1.8 

1.5 

1.3 

1.1 

T1ae 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

Water 
Level 

B.eading 

22.00 

lS.50 

lS.80 

19.00 

19.20 

19.40 

19.60 

19.70 

19.90 

20.00 

20.10 

20.30 

20.50 

20.70 

20.80 

Difference 

0 

3.5 

3.2 

3.0 

2.8 

2.6 

2.4 

2.3 

2.1 

2.0 

1.9 

1.7 

1.5 

1.3 

1.2 



(NON:" 
PLOT B (TILLED) PLOT C {TRACK) 

Water Water Water Water Water 
<': 

Level Difference Level Differpnce Time Level Difference Level Differenc2 Level Differenee 
~!!~~& __________________ ~!~!~~ ________ --___________ ... _~~~~I _____ . ____ ~ ____ ~!!l~!~!L _____________ !~!~!~ ______ .. ________ 

22.00 0 22.00 0 0 22.00 0.00 22.00 0.00 22.00 0.00 

18.50 3.5 18.30 3.7 5 19.50 2.5 19.70 2.3 19.40 2.6 

18.80 3.2 18.60 3.4 10 20.30 1.7 19.50 1.5 20.20 1.8 

19.10 2.9 19.00 3.0 15 20.50 1.5 20·70 143 20.50 1.5 

19.30 2.7 19.30 2.7 20 20.50 1.5 20.80 1.2 20.60 1.4 . 
co 
(Y) 

19.50 2.5 19.50 2.5 35 20.70 1.3 20.90 1.1 20.70 1.3 -,... 
M 19.70 2.3 19.70 2.3 30 20.70 1.3 20.90 1.1 20.80 1.2 
I 

19.80 2.2 20.00 2.0 35 20.80 1.2 21.00 1.0 20.80 1.2 

20.00 2.0 20.10 1.9 40 20.80 1.2 21.00 1.0 20.90 1.1 

20.20 1.8 20.30 1.7 45 21.00 1.0 21.10 0.9 21.00 1.0 

20.60 1.6 20.50 1.S 50 21.10 0.9 21.20 0.8 21.10 0.9 

20.50 1.5 20.60 1.4 55 21.10 0.9 21.20 0.8 21.10 0.9 

20.70 1.3 20.70 1.3 60 21.10 0.9 21.20 0.8 21.10 0.9 

20.80 1.2 20.80 1.2 65 21.20 0.8 21.30 0.7 21.20 0.8 

20.90 1.1 20.80 1.2 ~n '7),~1 0.8 21.30 0.7 21.20 0.8 



75 lO.80 1.2 11.00 1.0 21.10 0.9 75 20.80 1.2 

80 21.00 1.0 21.10 1.1 21.10 0.7 85 21.00 1.0 

85 21.00 1.0 21.30 0.7 21.30 0.1 85 21.00 1.0 

90 21.00 1.0 21.30 0.7 21.30 0.7 90 21.20 0.8 

95 21.20 0.8 21.30 0.7 21.40 0.6 95 21.20 0.8 

100 21.20 0.8 21.50 0.5 21.50 0.5 100 21.20 0.8 

105 21.30 0.7 21.50 0.5 21.50 0.5 105 21.30 0.7 

110 21.50 0.5 21.50 0.5 21.60 0.4 110 21.30 0.7 

115 21.50 0.5 21.60 0.4 21.60 0.4 115 21.40 0.6 

120 21.50 0.5 21.60 0.4 21.60 0.4 120 21.40 0.6 

llS 21.70 O.l 21.60 0.4 21.60 0.4 125 21.40 0.6 

130 .21.10 0.3 21.70 0.3 21.60 0.4 130 21.50 O.S 

Il5 21.10 0.3 21.70 0.3 21.:"0 0.3 1)5 21.50 0.5 

140 21.70 0.3 21.80 0.2 21.10 0.) 140 21.80 0.5 

145 21.80 0.2 21.80 0.2 21.70 0.3 145 21.50 0.5 

!SO 21.80 0.2 21.80 0.2 21.70 0.3 ISO 21.50 O.S 



./ 

21.10 0.9 20.90 1.1 15 21.30 0.7 21.30 0.1 21.30 0.7 

21.10 0.9 21.00 LO SO 21.30 0.7 21.40 0.6 2L30 0.7 

21.20 0.8 21.10 0.9 85 21.30 0.1 21.40 0.6 21.40 0.6 

21.20 0.8 21.10 0.9 90 21.40 0.6 21.40 0.6 21.40 0.6 

21.20 0.8 21.20 O.S 95 21.40 0.6 21.40 0.6 21.40 0.6 

· · 21.30 0.7 21.30 0.7 100 21.40 0.6 21. ')0 0.5 21.50 0.5 · • ,y, 

21.30 0.1 2,.30 0.7 105 21.50 0.5 2,.50 0.5 21.50 0.5 
M ...... 

10 21.40 0.6 21.40 0.6 110 21.50 0.5 21.50 0.5 21.50 0.5 ~"I 

21.40 0.6 21.40 O.b 115 21.80 0.5 21.50 0.5 21.50 0.5 

21.40 0.6 21.50 0.5 120 21.5(1 0.5 21.60 0.4 21.60 0.4 

21.50 0.5 21.50 0.5 125 21.60 0.4 21.60 0.4 21.60 0.4 

21.50 0.5 21.50 0.5 130 21.&0 0.4 21.60 0.4 21.60 0.4 

21.50 0.5 21.50 0.5 135 21.00 0.4 '1.60 0.4 21.60 0.4 

21.50 0.5 21.50 0.5 140 21.60 0.4 21.60 0.4 21.60 0.4 

21.60 u.4 21.60 0.4 145 21.60 0.4 21.60 0.4 21.60 0.4 

21.60 0.4 21.60 0.4 150 21.60 0.4 21.60 0.4 21.60 0.4 

.". 
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Table 3.12: THE NATIONAL CEREALS RESEARCH INSTITUTE FARM FIELD DATA 

Time 

o 

• 2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 ... 

Water 
Level 

B.eadi. .. lg 

22.00 

16.80 

17.50 

18.00 

18.00 

18.00 

20.10 

211.00 

21.00 

21.10 

21.20 

21.20 

21.20 

21.30 

21.30 

21.30 

PLOT A (TILLED) 

Water 
Difference 

o 

5.2 

4.5 

4.0 

4.0 

4.0 

1.3 

1.0 

1.0 

0.9 

0.8 

0.8 

0.8 

0.7 

O 7 .. 
0.7 

L~."el 

Re •• d1t1i 

22.00 

16.S0 

17.50 

11.80 

18.00 

19.50 

20.00 

20.80 

21.00 

21.10 

21.10 

21.30 

21.30 

Zl.30 

21.30 

21.40 

Difference 

o 

5.l 

4.5 

4.2 

4.0 

2..5 

2.0 

1.2 

1.0 

0.9 

0.9 

0.7 

0.7 

0.7 

0.6 

Water 
L~vel 

Readb'.g 

22.U(1 

17.00 

17.50 

17.80 

18.00 

13.00 

20.00 

21.00 

21.0(; 

21.00 

21.20 

21.20 

21.20 

:'1.2{; 

21.40 

21.40 

Difference 

o 

5.0 

4.5 

4.2 

4.0 

4.0 

2.0 

1.0 

1.0 

1.0 

0.8 

0.8 

0.8 

0.8 

0.6 

0.6 

PLOT B (NON-TILLED) 

Water 
Time 

o 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

7S 

Level 
Reading 

L2.uO 

14.00 

15.00 

15.60 

16.20 

16.50 

11.00 

17.30 

17.60 

18.50 

19.00 

19.50 

19.50 

19.80 

19.~O 

19.80 

~. , 

Difference 

o 

8.0 

7.0 

6.4 

5.8 

5.5 

s.o 

4.7 

4.4 

3.5 

3.0 

2.5 

2.5 

2.2 

2.2 
2.2 



... -"" , 

/, 

PLOI e:,~ON-/lLL.e-~) 'PLOT C (TRACK) 

Wat.er Water water \Jater Water 
Lev~l I ifferenco Level Difference Time Level Differel1ce Level Difference Level Difference 
~!~~~i _____________ ~ ___ ~!!~~!!L ___________ .. _____ !!:~~~~ _____________ ~~~!~!L _________ .. __ ~!~!~~ ____ .. __________ 

22.00 0 22.00 0 0 22.00 0 Z2.00 0 22.00 0 

13.(;0 9.0 14.(l0 8.0 5 19.50 2.5 19.20 2.8 19.50 2.5 

15.00 7.0 15.00 7.0 10 20.00 2.0 20.00 2.0 20.00 2.0 

1&.00 6.0 15.50 6.5 15 

16.00 6.0 16.50 5.5 20 20.50 1.5 2U.40 1.6 20.80 : .5 

16.50 5.5 16.50 5.5 25 

17.00 5.0 17.00 5.0 30 20.70 1.3 20.70 1.3 20.50 1.5 

CPI 17.30 4.7 17.40 '4.6 35 
~ 17 
I 17 .60 4.4 .~ 17 .60 4.C~ 40 20.70 1.3 20.70 1.3 20.70 1.3 " 

r 
17.60 4.4 17.80 4.2 45 

18.50 3.5 18.80 3.2 5(l 20.90 1.1 20.80 1.2 20.90 1.1 

19.00 3.0 19.00 3.0 55 

19.20 2.8 19.20 2.8 60 20.80 1.1 21.00 1.0 20.90 1.1 

19.50 2.5 19.40 2.6 65 

19.90 2.1 19.40 2.6 70 21.00 1.0 21.00 1.0 :2.1.10 0.9 

20.20 1.8 19.90 2.1 75 

20.60 1.4 19.90 2.1 80 21.10 0.9 21.10 0.9 21.10 0.9 



32 21.30 0.7 21.40 0.6 21.40 0.6 80 20.00 2.0 

34 21.30 0.7 21.40 0.6 21.40 0.6 85 20.40 1.6 

36 21.40 0.6 .H.40 0.6 21.40 0.6 90 20.40 1.6 

38 21.40 0.6 11.50 0.5 21.50 0.5 95 21.00 LO 

40 21.50 0.5 21.50 0.5 lU:50 0.5 100 21.20 0.8 

42 21.50 0.5 21.60 0.4 21.50 0.5 105 21.20 0.8 

44 2.1.50 0.5 21.60 0.4 21.60 0.4 110 21.50 0.5 

46 21.50 0.5 21.60 0.4 21 .. 70 0.3 115 21.50 0.5 

48 21.60 0.4 21.60 0.4 21. 70 0.3 120 21.50 0.5 

50 221.60 0.4 21. 70 0.3 21. 70 0.3 125 21.70 0 .. 3 

52 21.60 0.4 21.80 0.2 21.70 0.3 130 21.70 0.3 

54 21.70 0.3 21.80 0.2 21. 70 0.3 135 21.70 0.3 

56 21.70 0.3 21.80 O.~ 21.70 0.3 140 21.90 0.1 

58 21.70 0.3 21.80 0.2 21.80 0.2 145 21.90 0.1 

60 21.70 0.3 21.90 0.1 2.1.;30 0.2 150 21.90 0.1 

62 21.10 0.3 21.90 0.1 21.80 0.2 

64 21.70 0.3 21.90 0.1 21.80 0.2 

66 21.70 0.3 21.90 0.1 21.80 0.2 

68 21.70 0.3 21.90 U.l 21.80 0.2 

70 21.70 0 .. 3 21.90 0.1 21.60 0.2 



20.80 1.2 :.'0.20 1.6 S5 

lv.dO 1.2 20.60 1.4 90 21.10 0.9 :':1.20 0.0 21.30 0.7 

21.00 1.0 21.00 1.0 95 

21.00 1.0 21.10 0.9 tOO 21.20 O.B 21.20 0.8 21.30 C.7 

21.00 l.u otl.30 G. i l(}5 

21.80 0.7 21.30 0.7 llO 21.20 0.8 21.20 0.8 Zl.40 0.6 

21.30 0.7 Zl.40 O.t 115 

21.50 0.5 21.40 0.6 lLO 21.31.' 0.5 21.40 (1.6 21.60 0.4 

0 
-4 21.50 0.5 'Ll.bO 0.4 115 

21.50 0.5 21.60 0.4 13C 21.50 0.5 21.40 0.6 :'1.60 0.4 

:ll • .sO 0.5 21.]\) 0.") 135 

21.UO 0.2 21.70 0.3 140 21.70 0.3 21.60 0.4 :/.1.60 0.4 

21.HO 0.2 21.60 0.2 14.5 

::1.60 0.2 21.St) 0.2 1:>0 21.70 0.3 2l.60 0.4 ;':1.60 0.4 
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2.2 THE WEIGHING. OF THE OVEN DRIED SOILS 
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In this Chapter all the values obtained fro~. the infiltration 

test was computed and analised. 

Result and tables are presented in tables 4.1 - 4.3. The following 

parameters were determined viz: 

The average infiltration depth in cm 

The average infiltration rate in cm/hr and 

The accummulated infiltration depth in em/hr . 
. ~', 

All the values presented in these;tables 4.1 to 4.3 were computed 

using experimental data given in tables 3.10 - 3.12. 

The graphs for all sites are also given using the normal graphs 

and the semi log graphs - See figures 4.1 - 4.9. 

RES1LTS k~D DISCUSSIONS 

4.2 The analysis of the field datas of various experiments from 

selected farm sites are presented below. 

Soil moisture determination and measurement. The followine 

parameters were obtained frcm the soil analysis carried out on the 
:r 

field and in the laboratory. 
i; ~ ,. ,. 

The result of the soil moisture content cf the National Cereals 

Research Institute farm, Guinness Farms Nigeria P.L.C. and National 

Youth Service Corp farm are presented in Table 3.4 - 3.6. 

From th2 average soil moisture content percentqge given in tables 

3.4 - 3.6, it can be observed that soil moisture percentage varies 

from different forms due to the soil moisture difference at various 

depth, the evaporation of water due to different weather condition. 

The soil moisture increases with an increase in the difference 

in weight obtained from the fresh and dry weight of soil samples 

an average is obtained for every plot at different depths. 

/45 ....... 



Tabl. 4.1: DAD AlIALYSIS or TB! IIIl'ILTIATIOR TEST TAUlf AT THE JlATIORAL CDEALS USIWtCH IBSTlt1JTI fAIM 1ADJ)&GGI 

. -- ------------..--....-------------, ---------------_ .. _----------------------------.. ..-------------------------
PLOT A (TILLED) PLOT B (IiOH-Tl.Ll;t.!) PLOT C (TIACKS 

Ay.ra,. Ayerage Ac.cuaulatecl Ayera,. Ayara,e Ac.cu.ulatecl Avera,e Aver.,. AccUll 
Infiltration Infiltration Depth caJDI.' TiM Infiltration InfUtratioa Depth ca/br T1M Infiltration Infiltration Deptll 

Tille Depth ca/hr late ca/hr Depth ca/hr late caJhr Depth ca/hr late cm/br 

08 0.00 0.00 0 0.00 0.00 0 0.00 0.00 

2 5.06 151.8 0.06 5 8.33 99.96 8.33 10 4.6 27.6 

4 4.5 135.0 9.56 10 1.00 84.0 15.33 20 1.53 9.18 

6 4.13 123.9 13.69 15 6.16 73.92 21.49 30 1.36 8.16 

8 4.0 120.0 17.69 20 5.16 69.12 21.25 40 1.30 7.80 

10 3.5 105.0 21.19 25 5.50 66.00 32.15 50 1.13 6.78 

12 1.76 52.8 22.95 30 5.00 60.00 37.75 60 1.06 6.36 

14 1.06 31.8 24.01 35 4.66 55.92 42.41 70 0.96 5.76 

16 1.0 30.0 25.01 40 1.4 52.80 46.81 80 0.90 5.40 

18 0.93 27.9 25.94 45 4.03 48.36 50.84 90 0.80 4.80 

20 0.83 24.9 26.71 50 3.23 38.76 54.07 100 0.76 4.56 

22 0.76 22.8 27.53 55 2.83 33.96 56.90 110 0.73 4.38 

24 0.76 22.8 28.29 60 2.70 32.40 59.60 120 0.50 3.00 

26 0.73 21.9 29.02 65 2.43 29.16 62.03 130 0.10 3.00 

28 0.66 19.8 29.68 70 2.3 27.60 64.33 140 0.36 2.16 

30 0.63 18.9 30.31 75 2.03 24.36 66.36 ISO 0.36 2.16 



"" 

32 0.63 18.9 30.94 80 1.8 / 21.60 68.16 ,/' .J-
/~/ 
./ --",,", 

M 0.63 18.9 31.S7 8S 1.S3' 18.36 69.16 

36 0.60 18.0 32.11 90 1.4 16.80 71.09 

38 0.53 '-~'---., 15.9 32.70 95 1.0 12.00 72.09 

40 0.5 15.0'. 33:-20 100 0.9 10.80 72.99 

42 0.46 13.8 33.66 105 0.83 9.96 73.82 · · · -
44 0.43 12.9 34.09 110 0.63 7.56 -'.-74.45 '" off' ..... 
46 0.4 12.0 34.49 115 0.60 7.20 7S.05 

48 0.36 10.8 34.85 120 0.53 6.36 15.58 

SO 0.33 9.9 35.18 125 0.40 4.80 75.98 

U'\ 52 0.30 9.0 35.48 130 0.40 4.80 76.38 
..;r 

, S4 0.26 7.8 35.74 135 0.36 4.32 16.74 

56 0.26 7.8 36.00 140 0.2 2.40 16.94 

58 0.23 6.9 36.23 145 0.16 1.92 17.10 

60 0.20 6.0 36.43 ISO 0.16 1.92 17 .26 

62 0.20 6.0 36.63 

64 0.20 6.0 36.83 

66 0.20 6.0 37.03 

68 0.20 6.0 37.23 

70 0.20 6.0 37.43 



Table 4.1.1: ITIIATID VALUIS 07 IN1ILTIATIOH POR N.e.R.I. 

PLOT A(TILLED) PLOT C (TRACKS) 

TIM! Avera.e Average AC!C!UllUlated TIME Avera,. Avera,e AC!cuaulated 
Infiltration Infiltration Infilt,ation Infiltration Infiltration Infiltration 
Depth ca/br late ca/hr nept.h c.a/br Depth ca/br Rate ca/hr Depth ca/hr 

0 0 0 0 

5 11.41 13b.92 11.42 0 0 0 0 

10 9.78 117.36 21.19 5 2.30 21.6 2.3 

15 3.32 39.84 24.51 10 2.30 27.6 4.6 

20 2.26 27.12 26.77 15 0.77 9.24 5.37 

25 1.13 13.56 27.90 20 0.76 9.12 6.13 

30 1.65 19.80 29.55 25 0.68 8.16 6.81 

35 0.30 3.60 29.85 30 0.68 8.16 7.49 

40 1.33 15.96 31.18 35 0.65 7.80 8.14 

45 1.09 13.18 32.27 40 0.65 7.80 8.79 

SO 0.89 10.68 33.16 4S 0.51 6.84 9.36 

55 0.56 6.72 31.12 50 0.56 6.72 9.92 

60 0.43 5.16 34.15 55 0.53 6.36 10.45 

65 0.10 1.20 34.25 60 0.53 6.36 10.98 

10 0.00 0.00 34.25 65 0.48 5.76 11.46 

70 0.48 5.76 11.94 

75 0.45 5.40 12.39 

80 0.45 5.40 12.84 

85 0.40 4.80 13.24 

90 0.40 4.80 13.64 

95 0.38 4.56 14.02 

100 0.38 4.56 14.40 



105 0.38 4.56 14.18 

110 0.38 4.56 11.16 

115 0.25 3.00 15.41 

120 0.25 3.00 15.66 '\, 

\ .~ , 

125 0.00 0.00 15.66 , 
\ 
\ 
\ 

IJ() 0.00 0.00 15.66 

135 0.18 2.16 15.84 \, 

140 0.18 2.16 16.02 

145 0.00 0.00 16.02 

150 0.00 0.00 16.02 

. -. 
\0 

..;;t 

-:t -
I 
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labl. 4.28 DATA AbLtSlS or 'I'D 1lO'1LTIlAno. TEST TAU1( AT THE RATIOIW. YOUTH SEaVICI COlp lAIM GAlATU 

----------------------~----------------------------------------------------------------------------------------~---~-----------. 
, .. _______________ ~!_~!!~~!~ ____________________________ ~~2!_~_1~2!!!~I.E~l __________________________ ~_~_!~~! ____________ 

TIME 
Averag. Avera.e kcWllUlated Averallt Average Ac::c::uaulat_d A".ras_ A"erage Acc::w 

Infiltration Inflltratioo Depth c.a/br TiM Infiltration Infiltration Depth c::a/br T1ae Infiltration Infiltration Dept' 
Depth c:a/hr ltat. c.a/hr Depth c::a/hr late ca/hr Depth ca/hr lat. ca/hr 

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

10 3.76 22.56 3.76 10. 2.06 12.36 2.06 10 1.93 11.58 

20 2.16 12.96 5.72 20 1.53 9.18 3.59 20 1.6 9.6 

30 1.53 9.18 7.45 30 1.0 6.0 4.59 30 1.36 8.16 

40 1.06 6.36 8.51 40 0.86 5.16 5.45 40 1.16 6.96 

50 0.83 4.98 9.34 50 0.76 4.56 6.21 50 0.96 5.76 

• 60 0.83 4.98 10.17 60 0.6 3.6 6.81 60 0.76 4.56 .... ., 
I 70 0.6 3.6 10.17 70 0.6 3.6 7.41 10 0.7 4.20 

80 0.53 3.18 11.30 80 0.46 2.76 7.87 80 0.56 3.36 

90 0.3 1.8 1l.60 90 0.36 2.16 8.23 90 0.4 2.4 

100 0.3 1.8 11.90 100 0.3 1.8 8.53 100 0.4 2.4 

110 0.1 0.6 12.00 110 0.1 0.6 8.63 110 0.3 1.8 

120 0.1 0.6 12.10 120 0.1 0.6 8.13 120 0.3 1.8 

130 0.1 0.6 12.70 130 0.1 0.6 8.83 130 0.2 1.2 

140 0.1 0.6 13.'" 140 0.1 0.6 8.93 140 0.2 1.2 

150 0.1 0.6 13.90 150 0.1 0.6 9.03 150 0.1 1.0 



Taltle 4.3: GUDlDSS rAIM NIGDU PLC mDU rlltD AllALYSlS 
I 

I PLOT A (ttLLID) PLOT B (UITILLED) PLOT c (tuCKS) I 
! 

A. ... r.'. ... eraa· Accoaulacect Average ,: 4v_iit~:e Accu.alatad ~-'.::_.ral· ..,., . AccU1lt 
.II' lDflltr.CloD Inflltratioll Deptb(ca/br) T1ae IDflltratioD i.e t 11 .:- t'81 ).,t" ' . ,.ii n ca/hr T1ae lId6Jtratioll lnf11tratioD Depth 

/1lME Depth c:a/hr lat. ca/hr Depth ca/hr Rate cm/hr DIIltil ca/hr Rate ca/hr 
;-

~.;;r 

. ~'I-1":" 0 0.00 0.00 0.00 0 0.00 0.00 0.00 0 0.00 0.00 0 
/ 

5 5.43 65.16 5.43 5 3.56 42.72 3.56 5 2.46 29.52 2 

10 4.43 53.16 9.86 10 3.26 39.16 6.82 10 1.66 19.92 4 

15 3.86 46.32 13.72 15 2.96 35.52 9.78 15 1.43 17 .16 I . 
20 3.43 41.16 11.75 20 2.73 32.76 12.51 20 1.36 16.63 

25 3.03 16.36 20.18 25 2.53 30.36 15.04 25 1.23 14.76 

30 2.13 32.76 22.91 30 2.33 27.96 17.37 30 1.20 14.40 

35 2.43 29.16 25.34 35 2.16 25.92 19.33 35 1.13 13.56 1 

40 2.10 25.20 27.44 40 2.00 24.00 21.53 40 1.10 13.20 J 

45 2.03 24.36 29.47 45 1.83 21.96 23.36 45 0.96 11.52 

50 1.80 21.60 31.27 SO 1.66 19.92 25.02 50 0.96 11.52 

55 1.70 20.40 32.97 55 1.53 18.36 26.55 55 0.86 10.32 

60 1.40 16.80 34.31 60 1.36 16.32 27.91 60 0.86 10.32 

65./ . 1.30 15.60 35.67 65 1.23 14.76 29.14 65 0.76 9.12 

n/J'i 1.10 13.20 36.77 70 1.16 13.92 30.30 70 0.76 9.12 

7~ 1.03 12.36 37.80 75 1.06 12.72 31.36 75 0.70 8.40 
., 

SO 0.93 11.16 38.73 80 0.96 11.52 32.32 80 0.66 7.92 

8'/', 0.80 9.60 39.53 85 0.90 10.80 33.38 85 0.63 7.56 

.~ 
0.80 9.60 40.33 90 0.83 9.96 34.11 90 0.60 7.20 

,1 
0.70 8.40 41.03 95 0.80 9.60 34.91 95 0.60 7.20 

l~, 0.60 7.20 41.03 100 0.13 8.76 35.64 100 0.13 6.89 
/ I 
./ 



105 0.56 6.12 42.19 105 0.70 B.40 36.34 105 0.50 6.00 20 

110 0.46 5.52 42.65 110 0.63 1.>6 ~o.97 110 0.50 6.00 21 

115 0.43 5.16 43.08 115 0.60 7.20 37.57 115 0.50 6.00 2' 

120 0.43 5.16 43.51 120 0.56 6.72 38.13 120 0.43 5.20 2 

125 0.36 4.32 43.87 125 0.53 6.36 38.66 125 0.40 4.80 2 

130 0.33 3.96 44.20 130 O.SO 6.00 39.16 130 0.40 4.80 

135 0.30 ).60 44.50 135 0.50 6.00 39.69 135 040 4.80 

140 0.26 3.12 44.76 140 0.50 6.00 40.19 140 0.40 4.80 

145 0.23 2.76 44.99 145 0.43 5.16 40.62 145 0.40 4.80 . 
eo 

ISO 0.23 2.76 45.22 150 0.43 5.16 41.05 150 0.40 .:::. 4.80 

co 
~ , 
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TIle average Bulk density obtained i'!l(:re~lses ~cith decrease in the 

averag,e moi!.:ture percer:.tag~. The averitg<: porosity is observed to 

increa~. a~ the bulk den:ity decreases. 

Tn;, PI")l"os:it] of N.Y.S.C. farm is g:ceHte::c t~.<:~·, that 0f ILC.R.l 

and Guinri~s£' this i.S b~cause of th~ high perc€i1tage of clay prese'::1t 

in the ~;.:l.S.C. Iarru soLi. but i.:. wa$ ;lbo i.>lH«H'Vt::d thal th~ bulk 

densi:.:y oi the: N.Y.S.C. i8rms is ~heLow~~<. 

4.2.2 SolI Character13~ic ccnstant K --_.... .. .. -

are determined as follows - , c 
4.J... 

TABLE 4.1 TIle valu~s of K fur thd tilic~, 

untilled and compacted fieldH 

---"-'----~--.-------
Plot N.C.R.I. ~. Y. S. C. ----_ .. _-_._-_._------ -- .. " .. _ ... _._---_ ... 

TILLED 

UNTILLED 

COMPACTED 

3.50 

1.3~ 

0.73 

1.35 

0.93 

0.68 
. . 

:' .• 33 

1.2Y. 

. '3 ~ .• J~ 

-------~,-.- ... ---------!---.. ------.-.--------- .. 
The sample~ of the calcul.:ltiol1S ·.)f this r,~sults ""hove iu given 

in Appendix C. 

4.2.3 InfiltrlAtion depth rate eguatio:l {f'l 

The :i.nriltrati:-J::i (;quatiol1 

conditil.>ns arc given clE in] lO~lS. 

o -kt fc + (fo - 4c)e • 

TABLE (4.2) INFILT:{ATION RATE EQUAT~ml'3 

PLOT C.C.R.I GUINNESS 

------'--------_._ .. -
TILLED Fto6.0+145.8 e-3 •5t 

UNTILLED f-1.9t.+98.0 
-.1 .• 3't -0 93. -- .c r- '6'''7 ,- ... e ... =:J • .o. "J. .u€: 

COMPACTED: f"2.16+2S.4e-O•73t : f=4.80+24.7e-O. 65t 

i':. y • S • C. 

_1 1~t· 
f=-O. 6+11. 8~ -..... ~-

f"'l.04J.O. S?'f!--1.13t 

4.2.4 CUMMULATlVE INFILTRATION DEPTH HATE EQUATION 

. ··kt 1 
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TABT E (4 'l, CT;uurr, A., ..... T·TP 
....,. ..... J.' ,-V·~.tV".IL"J,.i..."'LJ 

Soil Con­
dition 

TILLED 

UNTILLED 

COMPACTED 

N.C.R.I. GUINNESS N.Y.S.C. 

3 SOt -'~ 35t .• _ .. · ... 3.3t, ~ 6 0 +41 6'·1 -. ]F-· ... ~6'-"" "'·1 ,,'" , 1<'"'O.6t~-J.6.5[.J..-<"_ J : r~ • t .. ~ll.~_"= -t ... 1 (.-""'~~).!"'! .. -:'; J .. .. 

F 2 16+3 ' r·, -0.73 t J : =-.. q..0t~·· .. ·~ : 

F::=5 . 1 b+.i(l, 4: 1·-( -(). 93t J F=O. 6+Q. 8 [l-<? -1. 21t] 

F"./t. eOt+36. i. [1_';.o.·~O. 68t] F=l. Ot+9. 4 f l-e -l.l3t] 

4.2.6 Other paratnli!ters obtcined from I:h'~ analysis 

The tiible lw 1.0'" shows the vr_llUt:S oi soc''': pa:.:ame ten uSf~d in deriving 

the f and F equation - See table 4.2 and 4.3. 

PLOT l~.C.K.I. CUlNNi::SS 
.--~-----.----------.-:---------.--... ------

Time : 

(Min): fo fc time 

TILLED 70 151.8; 6.0 150 65.16; 2.76 

UNTILLED 150 99.96; 1.92 150 

150 

l.50 

150 

2i.:.56: 0.6 

12.36' O.G 

11.58: 1.0 COMPACTED 150 2.7 .60: 2.16 150 ?9.52: 4.80 

----------_._---------_ ... _---------.----------_._-----------_ .•.. 
4.3 DISCUSSIONS OF RESULTS 

In the- d:f"'~l1ssions of the results, the io}'lc"Aing li.:ri.;:,,:,UonD IliV.St be 

obst!rved~ 

1. The moistun~ test -... as carti;~d OUl: at ':'_ d-?::.){~h of v - l5cm, 

15 - 30cm and 30 - 45c~. 

., 
2. The volume of the si=mpl~ cup used is 280. ':J j' cr.,·J • 

outer diameter was loca.lly 

tht~knp.ss of 0.15cm. 

4. The tina of: rcfi.Uing the 

readiug varies with about 2 seconds. 

.. 

5. Depth of installation of thn cylin.ders at: diff.::re::t s1:1':1; 

varles but tt is a£,E;umed thilt th,: cAl't=r 11iI';:iit.:a .... ~·c su~j~:~~>,ti 

to the !:Hl1.lle c()!ldi.t:lon~1 foe illl plota. 

different pio~s u~der tifierent cordit~cnl. 
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7. The condition of Ch2 :3oil "aty d'UI~; to:) the hi s':Clty and cultural 

could for the 

scil. 

Thit; will. affe~t the wc;ter that: wC~l in:=iltrate iG.to the €·::-il 

at a. given ti~e. The rRt~ of runoff will be high in soil of loW 

infiltration and hence proper Iirili1ag" is :.l?eded t.O curtail watoer 

loggi.;:g problem. 

Th:~ grc.phr: :..·f a'!'~ra~p. ir,fil tr,,·tj or .. n~t? versus ponding time 

for the thre~ ~-;ites at; different cO::lditioJ!f. b"'~,~ theil' f.'('Jnt"l 

scattered. A curved d.ope is obtained in this graph. J.'l0~ this 

graph it is observed th:lt the scattered point is due t.o the 

difference in th~ soH Bulk density porosity a:n..d moisture. The 

graph representing Guinness has the high.:bt :Ln:ilt;··:1':i·:"~ :c~t·~. 

The graph of N.Y.S.C. hr.s th(' 1m·Test infiltration rnte - ~ee 'Fig 

(4.1 - 4.3) 

The 'mluer.; of the graphs the tiJhd "'."" - i ., .... , ..• ~. 

that of non-tilled 3o.d C'Gm~)C\ct'~d soil. 

The gr3phs of the infj.ltrntioI! r.3t~ v~rs\l;ncc\lJr1'l'ulatE!'d clepth 

for the sitee h~vc the s;'Ime pa~t:ern but d!.ffcr'er!.t v:11u'~;;. Thts 

is due tn the difference in moisture perce!1tage bulk de:&slty l:1!ld 

the different. texture of soil. The physicnl propel:tic:s .;1~d 

chenical properti~B of the soil also varies. 

1'12 ••••• 
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The points of the g.:apb art: !lcdt:tp.r~d but t'h~ pr:.ints falling on 

the best straight. liue is plottp.d. 

The i::J.i:!.ltr~\I:iofl -::-[!t:c and accummu]ated depth of Guinness is the 

highest wit.h thu'L oi N. Yo S. C. bei::1g the L)wes,:. 

TIle high clay percentage of N.Y. S.C _ ::ar.m T'\>tke'~ th(~ l.n~iltrati'.m rato 

low in this tarm. The infiltre ttor rate h1 hi2hcr cn tilled soil thar. 

non-tilled and comp~cted. 

The serr~ i. log g(dph Ql.. log i versu:,;, p(lr'JiT"g , ~..,..o 
~Mo."'.I. ... b.1~ :.;:;:;;ttt:red points 

too. The pol.nts ... lOllg the besl !-I Lr<.l:;.ght lin;; • .1. ~,:; ~til-:,~ ,-.~J. i.or this graphs • 

The pondiI'_g time Lor th.-: tilled plc.t i·' --ot t·h .. ~ s::"!j~e dtl~ to eh£' 

higher in Buddcggi than tilled plots but the t1m~ j slow thi E iE due 

to the initie.1. high i.-ate ot infiltrati.~n r.0mp2.:·~d tl~ tIL;: cth"r ["a:T.t 

plots. 

due to the c;;ndy r.:.:lt:ure of Guln~:c~\:~ ~:oi.l. 

is closely rt:'l~t!:d. 

plots. Altht)ug~1 '~lH~lC 1.S higher initial value 01 log f in the N.Y. S. C. 

less effect of machin.~ compe.ct ton in th:! -rm. 
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CRA.PTER 5 

5.0 CONCLUSION AND RECOMMENDATION 

5.1 CONCLUSION 

i 
From the result obtained so fa~, the following" conclusions were 

drawn: 

i) The infiltration charateristic equations vlere obtained for 

each site at different conditions of tilled, non-tilled and 

compacted area - (Seee Table 4.2 - 4.3) 

ii) From the characteristic equations derived the design of any 

irrigation system should conside.r these equations, before 

implementing the design. Soil characteristic equations should 

equally be derived for other soils to be considered for any 

irrigation system. 

iii) An intake characteristic equation was developed for the use 

of the design of a workable and efficient irrigation system 

for the Farm of study. 

From the experiments carried out so far and t::::: results obtained 

the different characters of soils under differe ccnditions has 

given an idea of what one will expect if an irr::'~ation system is 

introduced on these sites. 

From the N.C.R.I. farm, it can be observed -chat under any 

condition, a minimum infiltration depth of about Scm will be 

achieved every 30 minutes. Therefore in the design of any 

irrigation system, these results must be strictly adhered to so 

as to effect a proper water management. A depth of Bcm is attained 

after 30 minutes of infiltration in Guinness farms. 

For the N.Y.S.C. farm, a depth of about 4cm will be attained 

after 30 minutes of water infiltration under the given soil 

condition. 

This will mean that in the design of an irrigation system for. 

this sites tl:erate of water discharge/?ercolation on these sites 

must not exceed the limits given above at tUe stipulated time to 

-'-----,-~+-.;~~ T.T"t-",,- mRna2:Cment and to -prevent runnoff 
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RECOMMENDATION 

The compacted areas in the field should be reduced to the minimum 

area due to its negative effect infiltration rate. Although this 

cannot be completely eradicated but measures can be taken to reduce 

and guide against compaction . 

These are: 

Implements with wide width of coverage should be used to reduce 

the number of machine travel on a field. 

There should be paths for machine movement to guide against 

random movement of machine on thefield. 

The use of very heavy machines should be reduced and 

appropriate machine should be used for the best suited 

operation. 

Since the effect of compaction is adverse· the use of manure 

and deep tillage should be encouraged in mechanized fields. 

It will be of advantage to always till the soil before any 

planting season so that the soil will accummulate enough moisture 

to meet the manageroent allowable c:eficiency for different crops 

to be grown. This is due to the fact that infiltration rate is 

higher in tilled soil. 

For the N.Y. S. c. farm, deep tillage is required because of the 

nature of the soil and the 1m., infiltration rate. 

A system like the border system of irrigation is good for this 

soil with low intake rate. 

A good drainage system is also essential for all the types of 

soil encountered to prevent erosion. 

/64 •... 
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AP1'ENDIX A 

formulae used in the computation o£ parameters 

(a) Horton's equation (1940) 

f = 
-kt 

fc t (fo - fc)e .••••.. (1) 

f .. Infiltration capacity or the maximum rate at vlhich 

soil under .:1 given condition cnD take water through 

_1 
its surface (LT ~) 

fe = The constant infiltration capacity as t approaches 

infinity. 

fo = Infiltration capacity at the onset of infiltration 

k A positive constant for a given soil and initial 

condition. 

t = Time 

(b) Infiltration rate equatjon from £ = fc + (fo - fc)e-kt .... (1) 

Finding log on both sides 

f 

Log f 

Log f = 

Log f = 

Log f 

y 

Slope 

Intercept 

y axis 

Slope m = 

-kt £c + (fo - fc)e 

Log£c + Log (fo - fc) + Log e-kt 

Log [fc .U..9)} + Log 
fc 

-kt Log fo + Log e 

Log fo - K.t log e 

Log fo - K. Log e.t 

c + lrx 

m = - k log e 

c log fo 

t 

Y.~ .. =-..Y.~. (Difference 

x2 - xl (Difference 

-kt 
e 

along 

alof,g 

y 

x 

axis) j; . 
. ~ 

i1V~ c') c· c. ~ ~ .1. .,J ... 

(2) 

•• (3) 

li 



, 
J 

I 

i 

I 

f 
I 
i 

- 66 -

(c) Accummulated infiltration Equation 

F = S~ f dt 

= ~~ fc + (fo - fc)e 
-kt 

dt .': 
'i 

= 5~ Fc dt + f~ (fo - fc)e -kt 
dt 

F fct + (fo fc) [_l-kt]t 
--8 0 
k 

F fct + fo fc [-e -kt + eO) = - ••••• c • .. -----_ .. -
k 

If fo - fc a 

F fct + [-e 
-kt + eO] a 

k 

F fct + [1- -kt + eO) = a e 
k 

F 
" .1 

. ....... 

fct + a [1 _ e-k.t] 
k • • • • • • • • 5 .... 

('. , 
'Iii ••••••• 

(d) Gravimetric water content percentage equation 

Qg Mw x 100 
Ms (%) 

Qg Gravimetric water content percentage 

Mw Weight of water minus weight of can 

(Sa) 

(Sb) 

(6) 

Ms Weight of soil'after oven drying minus weight of can 

(e) Bulk density equation 

(f) 

B.d (Db) Ms 
v 

Ms Weight 

v volume 

of 

of 

3 
(g/cm ) 

soil after 

sample, core 

B.d (Db) = Bulk density dry 

Total po~osity equation 

Tp 1 B.d (Db) x 100 
D.p 

Tp Total porosity % 

oven drying 

IIr
2

h 

base 

3 
(g/cm ) ....... 

B.d (Db) Bulk Density dry base 3 (g/cm ) 

Particle '~density is :1..65 
3 

(g.cm ) 

/67 ...•• 

(7) 

(8) 
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Other formula 

for the gravimetric test 

(i) Moisture difference 

Moisture ;::: ~~€'.t base weight of J'-
difference Soil cample - weight 

of enn 

(H) Avcrag2 Depth '" .~.2!2.-0f_.E.!.1 __ !:.1!..c-.i9J?.!=j~.L~2.1:1c.E.!=J..2.~Q 
cm .~!!,be.!_. of replications 

(Hi) Average R::tte (cm/hr) "" Avc:£aJ;:.9._~!E.Eth2-~Q 

(iv) Accummulated infiltration 

depth cm 

Time difference [interval 

Addition of initial depth and 

the present reading 
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APPENDIX h 

Samples of calculations of paramete~s 

Apt:>endix B 1 

(i) Gravimetric water content percentGge 

Fo~ the one replicates of 0 - l5cm depth of the National 

Cere.:lls Research Institute Plot A 

Q Hw x 100 g .. 
Ms 

P&rameter a~e as fined in Appendix A 

498.60 - 460.27 x 100 
460.27 

38.33 x 100 ._----
460.67 

"" 8.32 % 

(ii) Bulk Density 

(iii) 

Bd (Db) ... Ms 
v 

,!,-
,~ (t 

This calcula.tion shows the bulk density for the 0 - l5cm 

depth of Plot A, first sample at N.C.R.I. 

B.d (Db) 460.27 
-------
280.97 

1.63 g/cm 3 
= 

Where Volume II 
/. x h := v .: X r 

280.97 2 cm 

Total Porosity 

Total porosity for the first sample of Plot A experiment 

at N.C.R.I. 0 - 15 depth 

1 1. 63 x 100 
2.65 

:::; 38. L19 
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APPENDIX R 2 

Calculation pertainj.ng to otr.er equations 

All calculations in this section wi:1 be with respect to the 

experiment of the first experiment on Plot A of the Guinness Farm 

i) Moisture difference 548.35 - 0 45 wet soi] - can 
·512~4·3-':--O:~5 dry soiJ - can 

547.90 - 511.98 = 36.32 gram 

ii) Moisture content percentage 

Moisture Difference x 100 -._---------------_ .. -
Dry Weight 

36.32 x 100 
511. 98 

7.09% 

iii) Average Depth 5.5 + 5.3 + 5.5 
3 

5.43 Gm 

iv) Average depth 5.43 x 60 
---------.----

5 

65.16 C"m/hr 

v) Accutnnlu1ated infiltration. 0.00 +'5.43 

5.43 + 4.43 

9.86 .••..•• t 

Slope 

The slope of plot A of N.Y.S.C. is calculated 

- 0.5769 

Infiltration rate for the 10 minutes of infiltration on Plot A 

f = -kt 
fc + (fa - fc)e 

from equation 

f 0.6 + (22.56 _ 0.6)e~1.33t 

at 10 min"..ltes 

0.6 21.96 
-1.33 x 10 

+ e 

0.6 + 2J..96 . 2.72-13 •3 

;" , 

f 0.60 t ,.,Ior 10 miD"..ltes . of • ir:..filtration ( 
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Accummu1ated ir.·':iltration . for . Plot A 
l"+-

at 10 minutes 

F fct + fa - fc [1 - e-~~] 

k 

from the equation 

At 10 minutes of infiltration 

0.6 . 10 + .~_:.?2.-= . ..9~§ [1 - 2.72-1.33 . 10] 
1.33 

6.0 + 21.96 [1 - 0.00000166] 
J. 

'~.' .- 16.51 [0.99999834] 

F 22.51 

Interpolation 

YD ex D - X2) + (Xl - X2) x (Yl - Y2) + Y2 

Xl ,l.e incren1ent of the table above the desired value 

X2 ~~he reading in table for Xl 

X2 the increment of the table below the desired value. 

Y2 the re&ding in the table for X2 

Xb the number at which the desired reading is found. 

Example of the Baddeggi Plot A Iteration 

Xl 2 Yl 5.06 XD 5 

X2 8 Y2 17.69 

YD (XD - X2) + (Xl - X2) x (Yl - Y2) + Y2 

YD (5 - 8) + (2 - 8) x (5.86 - 17.69) + 17.69 

/71 ..... 
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APPENDIX C 

Determination of the value of k for Plot A 

From the graph slope m = - k log e m 

For N.C.R.I. 

M = - 0.4330 k 

- 1.5163 = - 0.4330 k 

k = 1.5163 

0.4330 3.5030 ~ 1.35 

For Guinness 

M @ - 0.4330 k 

- 0.5838 = - 0.4330 

K 0.5838 

0.4330 0 1. 3483 rv- 1. 35 

For N.Y.S.C. 

M = 9.4330 k 

- 0.5769 = - 0.4330 k 

K 0.5769 

0.4330 0 1.3323 ~ 1.33 

Determination of the value of k for Plot B 

For N.C.R.I. 

M = - 0.4330 k 

- 0.5704 = - 0.4330 k 

K 0.5704 ----_.' 

0.4330 0 1. 3173 "'---
For Guinness 

M = - 0.4330 k 

- 0.4022 = - 0.4330 k 

k = 0.4022 

0.4330 0.9289 

For N.S.Y.C. 

M = -0.4330 k 

- 0.5227 = - 0.4330 k 

K 0.5227 

1.32 

0.93 

0.4330 
1. 2072 ::;;£. 1. 21 

, 

- 0.4330 k 
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Determination of the value of k for Plot C 

For N.C.R.I. 

H = - 0.4330 k 

- 0.3147 = - 0.4330 k 

o .I: 330 0 . 72 6 8 ~.... O. n 

For CuinncGs 

_ 0.2956 = - 0.4330 k 

K = 0.2956 

0.4330 0.6827 ~ 0.68 

For N.Y.S.C. 

x '" - 0.4330 k 

_ 0.4912 = - 0.4330 k 

K = 0.4912 ... ---_ ... 
0.4330 = 1. 134Lf '::::::: 1.13 

/73 ...... . 



I , 
i 

- 73 -

A??ENDIX D 3 
,'i 
; 

/ GUI~:\ES S FARi'IS KU;)U 

P_<HNFALL XEASUREYtENT RECORD FRmf THS METROLOGY OFFICE 
-----·--·-------------------_________________ H. _____ • __ ______ _ 

R..A.IN FALL DATA FOR GUIHNESS FARc>i FROtf 1990 - 1994 -------_ ... _--------------------------------------

• , 
I -----------------------------------_._--_._-_._._----------_._----._-----------

: , 
: : : ( MONTH 1990 -- 1991 -- 1992 --- 1993 - 1994 

.i---------oo::i-_-------.----~-----------.,;"=-.-_---_,_----~ ........... ___ . ______ ~-------_-~. 
January : 0.00 : 0.00 0.00 0.00 0.00 

: February 0.00 0.00 0.00 0.00 0.00 
March 0.00 : 30.20 : 0.00 36.30 : 0.00 I - -- - -- -- -- ..: , : 

f - April 19.00 45.00 36.30 28.00 63.00 : 

Hay 201. 00 286.00 29.10 156.20 116.00 

June 113.00 191.00 99,00 123.10 193.00 

July 281. 00 123.4 134.00 299.00 315.00 

August 161. 00 169.00 115.30 121.40 184.40 

September 160.00 56.00 227.00 382.00 158.00 

October 60.00 40.00 17.00 51.00 219.00 

November 0.00 0.00 0.00 0.00 0.00 

: Dcember 0.00 0.00 B.OO 0.00 0.00 
-!----------.---.. --.----~---.------. -------- 1.~ ---

F/Z-(;Iff) '" U UJAl E$S A ,,~o Ul:JIt)v ~~PA R.TME-NT 

NATIONAL CEREALS RESEARCH INS~ITUTE BADDEGGI 
., 

_~JNF p,1-l:_.Y~_~~y_~~~}'!I_0.T.l) _ RE COB.D FP.Q!L'!'!l~L~LETl3-9_L.Q0'::L ()XFI ~~ 
M,INFl\.LL DATA FOR N.C.P __ I. FARH FROM 1990 - 1994 --.. --. ...---------_.- -------------_. 

MONTH '* 1990 1991 1992 1993 1994 . . . . . . . 
,.~-----------.!-------------...!.--------.------.!-------------!....-.-------------.!...-----------..!.. 

January 0.00 0.00 0.00 0.00 0.00 

February 0.00 0.00 0.00 0.00 0.00 

March 0.00 0.00 0.00 61.60 0.00 

April 127.30 98.30 141. 70 8.90 38.90 

May 101. 90 109.70 136.60 154.70 171. 90 

June 145.60 113.40 133.90 241.80 151.40 

July 165.50 155.20 128.60 206.90 75.80 

August 140.70 268,90 148.40 :308.40 425.70 

l. Se-ptember 105.60 137.80 216.00 240.40 194.00 

October 41.40 107.30 31.50 152.30 102.10 

November 0.00 0.00 0.00 0.00 0.00 

December 0.00 0.00 0.00 0.00 0.00 
---------------------------------,------------~----------.-------.-------------.-

FIZC)I'I\ III - c· R. . .r A e, R.o No IVry b E:PkR.. T meN T-
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