WATER INTAKE CHARACTERISTICS OF SOILS
IN SOME SELECTED MECHANIZED FARMS
IN NIGER STATE

BY

BAMBE, CHARLES MOBOLAJI
(88/1039)

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 £y

A

¢

BY

BAMBE CHARLES MOBOLAJI
(88/1039)

DEPARTMENT OF AGRICULTURAL ENGINEERING

iy

RS

SEPTEMBER 1995




DEPARTMENT OF AGRICULTURRAL ENGINEERING

FEDERAL UNIVERSITY OF TECHNOLOGY, MINNA

A PROJECT REPORI
OoN
WATER INTAKE CHARACTERISTICS OF SOILS IN SOME
SELECTED MECHANIZED FARMS IN

NIGER STATE, NIGERIA

BY

BAMBE CHARLES MOBOLAJT

Submitted in partial fulfilment of the requirements
for the Award of the degree of

Bachelor of Engineering (Agricultural Eagineering)



- 11 -
CERTIFICATTON

Thin project on the "Water in take characteristics of soillsr
in some se;ected mechanized farms in Niger State" has been read
and approved as meeting the requirement of the Department of
Agricultural Engineering in the School of Engineering and Engineering
Technologv, Federal University of Technology., Minna, Nigeria. For
Bachelor of Engineering (B.ENG. HONS.) Degree in Agricultural Enginee-

ring.

DR. D. ADGIDZI
Project Superviaor

(,ﬁr‘#@) & __ (o— (T3S

XX s nnan. — s AR R EEEEEEEXEK] ‘“\'m,oo-ocu-oooto--..-.-

MR, N. A. EGHAREVRA ."Date
Proiect Suvervisor

Date

H Tw gg (79¢

30‘-0.0‘..0..0000 € ¢ ® 0008 =g o8 ese00a . 8 08100000 000800000 SE e

= “PROF. ™. T. IGE' . . Date
{External Examiner)

0E — 10 — 9K

‘-o-.o_to. o0 8606000008000 80ss0000 29 6000000800200 08008s00000

DR. A. AJISEGIRI Date
Head of Department. (Chief Fxaminer)




- {ii-

DEDICATION

To the Glory of God and to my parents Chief F, A. Bambe

Mrs. T. E. Bambe for this Asset given to me,



- iy -

ACKNOVWVLEDGEMEHN

I would have loved tu merntion the panus o everybody that has
contributed to my academic cuccess bur time 20d space will not permit
me.

My greetest gratitude goes to God the Moons hHigh for fulfilling
Hig promice in my life as well as seelng me through this programme.

The same goes to my father and mother for being so caring, wonderiul

ard prayerful,

My Dbrothers and sisters have not relentaed in aryway throughout
the progremme, they alus ordured snd puppert-d o~ 217 the wirs, M-,

J.K. Ad=diran and the Ke's are also not left cur.

To this two nice woren Meoni and Funke Cod bless  you. My
appreciation govs to Mr., Aliu Umar of N,C.R.I., Hr. Akpan of Guinness,
the Farm ilunager, N.Y.S5.C. tarms, dr. Adenigbo of H.ALA., YWinua, Mr,

Ogbounaye of Soil Science Department, Fedoral Universivy ol Techrnology,

Minna tor their contributinnsg to this work.
My verv sincere {wpcelings ol appreciation and thanks gous o my
project supervicors, Dr. D. Adgidel and Mr. LA Egharevba for thedr

dedication and assistance towards the completion ol this project.

The =same goos to the tead o: Department, Engr. Dr. A, Ajisegivi

for his svncouvagem:at

My thanks 2iso woer o Mr, K. Adekols 3nud the reat of the
departmental atafy, whose con and suggestions ore veally dnspiviag.

.

salami W.A., for devouting much of his time

My speclal thanks to ir.

in asgisting me in this work,
I have not leygorern these good peopis and Jemilies Mr. GLUS.

Bambe, Mr.& Mrs. Atziinve, Hr. ldowu,., Mro, Ogunwole, fr. & Mrs. 1.
Selowo, Mr.& Mrz., Olatunii, Mrs, Ajisespivd, Mos. o. Al bi and the
entire otet! of Jovel Paint. Glnnee oo wind cegovds oo my friends AJO.
Atejioye, E.O. Aloiabi, 1. Olavewzju, $.0. Bal:gur. ¥Y.A, Adebayo, T.&

K. Dupmove MYK, T.A. Genivu. K.Ibuowe, 0.0. Oguiivyi, all my course
mate aud the host of my irlends iu School & Iist Con tor3g o0 momtion.
Towill woz Jovget the oilorves o0 Vel d. Claiungus, T. Alabi,

Dr. K. lbuuvwo, L and S QOiatundun,

Finally, I must rot but menticn Mrs, (.F, Afibove fTor her concern

and prayers at all time,

For sure my words are too weak to express my grocitude to you all



TABLE OF CONTENTS

PAGE
TITLE PAGE ... D eee ... i
CERTIFICATION e e ii
DEDICATION ... ... iii
ACKNOWLEDGEMENT e . iv
TABLE OF CONTENT e e v -vi
LIST OF FIGURES e .. vii
LIST OF MAPS .. e ’ viii
ABSTRACT .. .. ix
CHAPTER ONE .. 1
1.1  INTRODUCTORY NOTE . 1
1.2 OBJECTIVES OF THE STUDY 2
1.3  JUSTIFICATION 2
CHAPTER 2
2.0 LITERATURE REVIEW 3
2.1 INTRODUCTION 3
2.1.1 THE HORTON'S EGUATION 3
2.1.2 GREEN AND AMPTS | el 5
2.1.3 KOSTIAKO AND LEWIS ... . 6
2.1.4 THE .PHILLIP'S EQUATION el 9
2.1.5 THE HOLTAN'S EQUATION e 10
2.2 MEASUREMENT OF INFILTRATION ... 10
2.3  FACTORS AFFECTING INFILTRATION RATE ... 12
2.4  GRAVIMETRIC METHOD OF OBTAINING MOISTURE CONTENT BULK

DENSITY AND POROSITY . . 14
2.4.1 MOISTURE CONTENT ... cer 14
2.4.2 BULK DENSITY e e 14
2.4.3 POROSITY | 15
2.5 CAUSES AND DETERMINATION OF SOIL COMPACTION 15
CHAPTER 3
3.0  MATERIALS AND METHODS ... e 18
3.1  INTRODUCTORY NOTE ... v 18
3.1.2 GRAVIMETRIC TEST APPARATUS e 18
3.1.3 SITE DESCRIPTION ... cee 18
3.1.4 EXPEREMENTAL LAYOUT ... . 18
3.1.5 PROCEDURE ... . 19
3.1.6 PLOT DESCRIPTION ... cer 20

'3.1.6.1 THE TILLED PLOT ... . . 20
3.1.6.2 THE NON-TILLED PLOT . 20
3.1.6.3 THE TRACTOR TRACK PLOT .. 20
3.1.6.4 THE CROP RESIDUE ON SURFACE . 21

GG
3.2 /\/A//OA/A/_ CEREAL RESEARCH, /A/sr//t/rc BANOECG S 22

[ T ST} SR




3.2.2 LOCATION ces ces 22

3.2.3  RAINFALL e . 22
3.2.4  CROP GROWN ‘.. ... 23
3.2.5.  TOPIGRAPHY e , ... 23
3.2.6  CULTURAL PRACTICE ... . 23
3.2.7  TYPE OF SOIL .. Ve 23
3.3 GUINNESS FARM NIGERIA P.L.C. KUDU ... 24
3.3.1  INTRODUCTORY NOTE ... e 24
3.3.2  LOCATION ... cer 24
3.3.3  RAINFALL ... ... 24
3,3.4  CROP GROMWN e ... 24
3.3.5  TOPOGRAPHY ... e 25
3.3.6  CULTURAL PRACTICE ... | e 26
3.3.7  SOIL TYPE ... e 26
3.4 THE NATIONAL YOUTH SERVICE CORP FARM... 26
3.4.1  INTRODUCTORY NOTE ... . 26
3.4.2  LOCATION - ... e 26
3.4.3  RAINFALL e ... 26
3.4.4  CROP GROWN ... ... 27
3.4.5  TOPDGRAPHY .. ... 27
3.4.6  CULTURAL PRACTICE ... e 27
3.4.7  SOIL TYPE ... e 27
3.5 DETERMINATION OF SOIL BULK DENSITY ... 28
3.6 +  DETERMINATION OF POROSITY e : 28
3.7 INFILTRATION RATE APPARATUS cee 28
3.8 INFILTRATION RATE METHODOLOGY . 28
" CHAPTER 4 '
4.0 ANALYSIS OF RESULTS . 44
4.1 INTRODUCTORY NOTE ... . 44
4,2 RESULTS AND DISCUSSIONS e 44
4.2.1  ANALYSIS OF RESULTS el 44
4,2.2  SOIL CHARACTERISTIC CONSTANT cee 49
4.2.3  INFILTRATION DEPTH RATE EQUATION (f) ... 49
4.2.4  CUMMULATIVE INFILTRATION DEPTH RATE EQUATION 49
4.2,5  OTHER PARAMETERS ... e 50
4.3 DISCUSSION OF RESULTS e 50
CHAPTER 5
5.0 CONCLUSION AND RECOMMENDATION S 62
5.1 CONCLUSION e ... 62
5.2 RECOMMENDATION ... ... 63
REFERENCES

APPENDIX A:  FORMULAE USED IN THE COMPUTATION OF PARAMETERS 65



- -—\‘7‘!5_1:5_ -
LIST OF FIGURES AND PLATES meE

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

infiltrometer data. _ _ __ _ _ _ _ _ _ _ _ _ _ __10
Fig.2.2a: Infiltration rate as a function of time _ _ _ _ _ _ _ _11
Fig. 2.2b: Infiltration rate and cummulative depth as a function
of time _ _ _ _ _ _ _ _ _ _ _ - _ - _— _ -1
Fig. 2.3 : The down word movement of water into the according__ _ _ _ _.
to the concept of a capillary 'pull' at a wetting front
(Green and Ampt)_ _ _ _ _ _ _ _ _ _ _ e . o __11
Fig. 3.1 : A sketch of the experimental‘plot.__ — - — .2
Fig. 4.1 : Average infiltration rate versus ponding mtsime for Baddegi,
Guinness and N.Y.S.C. tilled plots. _ __':_? — o 53
Fig. 4.2 : Average infilgration rate versus ponding time for Baddegi,
Guinness and N.Y.S.C. untilled plot. - _ _ _ _ o _. _ _ __54
‘Fig. 4.3 : Average infiltratio; rate versus ponding time for Baddegi,
Guinness and N.Y.S.C. compacted (Tracks) plots._ _ _ __ _ _ _ B
Fig. 4.4 : Plot of log f versus ponding time t for Baddegi, Guinness
and N.Y.S.C. tilled plot. . _,_ ——— - = - = - - = -.56
Fig. 4.5 : Plot of log f versus pori.diﬁg ;‘t§me t for Baddeggi, Guinness
and N.Y.S.C. non-tilled plots. . _ _ _. _. _ _;" —_——_— - — - 57
Fig. 4.6 : Plot of log f versus ponding time t for Baddegi, Guinness
and N.Y.S.C.-iv’i‘ractor track plots (compacted)._ . __ _ _ _ .52
Fig. 4.7 : Plot of accummulated depth versus infiltration depth of é
Badegi, Guinness and N.Y.S.C. for tilled, plot._ _ _ __ _ _ _ 59
Fig. 4.8 : Plot of accummulated depth graph versus infiltration depth ;
| for non—tilled:'plot.__ Y Y o ‘
Fig. 4.9 : Plot of accummulated depth graph versus infiltration depth S
x {
for track plots compacted. _ _ . _ g. o - .6t ‘
Plate 1 : The isometric and orthographic drawing of a double ring !
infiltrometer. . _ _ _ o - & 4 — = — — — — - '741 %
Plate 2 : The pictures showing the demonstration of the infiltration ' :
experiment with-the double ring infiltrometer._ _ _ _ _ _ _ _42-43 *
LIST OF MAPS ;
1. Farm map of National Cereal Research Institute, Baddeggi._ _ _ _ . — - 74

2. TFarm map of Guinness Farms Nigeria P.L.C., Kudu.._. __ _ _ _ - — - 5



¢ characteristics

This preject repori  présenis  che water - int
of s0ils in some Seleéted tiecchanized farms iﬁwﬁigetrSiacc.

The selected farms ere the dationsl Cereals Research (NCRI)
Baddeggi, Guinnegs Farms Nigeria P.L.C., Kudu and N.Y.S.C. Farms
Garatu. The Gravimetricned inTitr-tior vest v poovlnrmed oo three

diffevent annditicon of the -o11. Thet is tilled, u=tilled and compreted

Double

lnfiltrometer  was  used fte study  the infiltration

-
i

characteristics of the so0il 2t the selected “arms snd Horton's equation
was adopted Jor the data aralvelin,

From the analysis of darn cobtained, ohe  ooi? choavacteris

cr
-
]
3]

constant K was obtained, Terking the rilled plct o7 N,C.R.I. Tovae
Bgddéggi, Guirness farms aond NJYV.E.C, {arme for instance, X 45 3,50,
K i3 1.35 and K 1s 1.3%3 ror NoGHL2.. Guinens axd HUYW8.C0 o
reaspectively,

Also. the studv indicared thor the <oil ioreke chevocteriegic

re

] eyt in g e oy e . T . . § ~an e 5 . PR JSOF R
equationr oan be evpresced {or eucl of the zelecved Zarm takin

tilled condicions of =oil a3 an ewraple, & du 0.0 + 145.8¢ 7°7.77,

~1.35¢ . L. L. e =1.33:

- oo oo . e~ s
el 76 v 62 4 Sod o Lo dlh v Dde .
Thene  sre the wndi oranion vafte equoticas Ior HJGC0,R.1I., Guinness

and N.Y.5.C, {aran, ¥Foyr the curmulaifve

o -3 ' oL R E o PR, e~ w .

3¢ the tilled sodll or che arms, Fis
' "o

o ome s IR, R

F oia ‘..7"»‘) R 3 ¢ I i & i g ¥

for B.C.R.Z., Cuinness and N, Y.5.C, Jarma vagpectivelis,

in the furure.

The equations derived for all conditione ir these site {r usad

R R TN $drrdoation deaicor



1.0

1.?1’

-
CHAPTER 1
INTRODUCTION
Introductory Hote
This study ie aimed at evaluating the water intake characteristics
of soils of the miechanizad farm land of some selected farms in Niger
S:ate., The National Cereals Ressarch Institute Baddeggl, Guinness

Farms MNigeria P.L.C., Kudu and the National Youth Service Corp Farm,

. Garatu ware eelected for this study.

The‘atudy involve the performance of tests and analysis of results
oi three selected plots of the major project area in the farm. For
& bettar Iineight into this study the following essential parameters
are briefly describad using the following terminologies.

Infiltration rate - It is the flux of water passing into the soil

profile

Infiitration ospocity -This ls the maximum iflux that can pass

into the soil profile at a given time.

1f the water supply rate (rainfall or irrigation) is less or equal
toinfilnravioa capasity, the infiltration rate is equal supply rate:

The icvllowing parsameters were determined to eveluate the intake
characterintics of soil:

1} Infiltratisc rote of the soil.

i1} Infiitration capacity of the soil

111) Accummulataed infiltration accummulative Infiltration depth)

The infiltvation characteriatic curves such as Intske rate versus
time relationeliip, accummulated irfiltration depth versus time
relationship were plottid to see the graphical relationship of the
parameatarsg vaquived in eveluarting intake characteristic of soils.

The intake or infiltration characteristics of the soil, is one
of the douinant variables influencing fcrigetion and its kaowledge
is necessary for overall soil and water management. It 18 also

useful to estimate catchment run-nff modelis.
From the above paramaters, accummulated infiltration or

e b min BavetIh womar s Pha Praral sty Al waraw



1.2 OBJECTIVES OF THE STUDY

i} To study the intake characteristics oi the soil at
selected farm vizx Pict of the experimental site a:
Baddaggi, Guirness rarms, kKudu and N.Y.5.0. rarms Garatu,

11} To develop intzke characteristic equations for the solls
under conditions ol piloughed, so01l, uncultivated soils

and cempacted sotls using the Horcon's equation.

e
pan
[N
e

To develep irtake characteristic equation tor the design
oif a workable irrigacion system,

1.2 JUSTLFICATION OF THE PROJECT

The reasonsg Ior conducting thia scudv are as follows:

i) Infiltration rate ig usually beer inteasively studicd
roc  its usdoubted importance in Irrigstion layout and
dzsign. Airo, it is an imporiant parameter to be given
the best porsible estimnie &0 colchipers vur-ofif models,

it) Infileration 1 dmporviant for water to be counserved In
the soil and ftor waeter to be mads cvalisple to the planto.

1f the iniilcracion rdte is high, less water will tun
over the scill surtace aond erosion wiil be less in such
@ oituation,

111) Intiltration is the main source wo aoil molsture which
sustains the growth orf vegetociarn »2md the ground water
supply o1 Welis, springs and stivais.

iv) The infiltration characteristic i wvecessary for sciland
water conservation.

With =specific regards to my project work, this study enables

the comparicor o  the parameters obicined from the thres

locations and the results wiii guide ta= Compeny/Farms in

designing a good and workubie irrigatios system in the future.
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CHAPTER 2

LITERATURE  REVIEW

Introductory Rote

iniditration datas ars ceommonly erprescad grephically with
tne rate as the cidinate and time as the Abscissa Figure (2.1)
lere, as usual, the
potentiad dnyiioveiion copecloy .y wrceeds the rate of
watetr appilcarion,

ROWeVRT, 48 Lhe soir poresn wre Jlaied with water wnd suriace
cecl tukeo place, ihe yate of waver intake gradually decreases,
e then novmasly opproacher @ conntent velue which may be taken
as the dnfiltracicn Tate v soia.

(4]
v

iHE GURTOE 5 SQual.Gh (1940)

1 -

dorton propoted an entivelv cwpirical icliiveotdion equation
Lo represent Ll genadoli coselsse deoerYease ol Intiliration
race with time, tendisg o & sweads - stalc valus o woter
supply rate L =2xeees of Iuffllivacion capacics.

infilrravion vals 0= ~ 241 wheve 1o ois

[
~

o~
r
1)
Nenr
&

- LS ] G o o P T R A
the iviciocl infilitvsLion rafe,

i ke the steady stote infilltration rite

=

r¢ is generally ldentildizd with couostand ol savuration (k sat)
This mechoed nae breen widely usned by Wrdeologiols puz iy practice
tiie  wquation  tends o under estimate the usually very rapid
ivicics decrease of Infiitratdon rate with Ulae.

Artbough,  wesersidy  eccepied an an smpirical equation.
Eagleson (19707 showe that  dhie equatatn. «Ue equivaisne to che

wguating (2.1)

theoretizal selutsoen oo horiaonnas inddleracd
has cthree poromsbers 1o, Jo and kK. thi.e k is proposed as a

50ii  vharacreristic and fc i3 squivaient to the saturated

hydraulic conductivity while fo depends oin the inftial seid
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In fig 2.1 the infiltration capacity did not drop to equal
the ponding rate until several minutes after the take off of
the dinfiltration. During this initial time period the
infiltration rate was equal to ponding ?aﬁe 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 dinfiltration rate reasonably well, where £c, the £final
infiltration rate as t -->0Q can usually be identified with
Ko, the saturated Thydraulic 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

b
¢

than exponential (Hortom's 1940).

Difficulties may 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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¥rom Narcy

Volime £low race G = ¥sat {Ho + 1) - Bf) ;/ﬁnit Area)

L -

%3

3

fyom continuity principle, as no etorage ia svailabie in the
setureved exlumy vhe cransminsion cate through out the proilie
iz §

Q= vave of sveriece infileratios (L)

:ot,';" Q - A “ é ed i

Whaers A o Keat

L3
|

Roat (Mo ~ W)
ha LliJereade 1n poreslitr scovene the fronmt

{8 uuz ~ @ Inicial)

G= AT D7 v e T
- ———— -

¢

Integrosing

re

= (L~ R Ix (1A 43

>
Fay

A S -2 2.3

- -

Buit G » r = fotal volume of {nliibvated warer
e C‘EQ“CLh k“"“-g)

Whate o == 5 AT

—

A = Kazt F = Kear {Ho - HfE)

Toe nethod assumes ¢ simplified wetsing profile with z sharp
divisdor, Yetwsorn uniforsly gatursted «oil. is is not the case
ip practice bus theve are some experimental work te indicate that
the equitior performy well for coavse ~ grained soil.

KOEIAKOY AND LEWIS:

Koctdalkoy and Lawils (1937} irdependertly sugpented the equstion

for ascimoting Lafiltratlon TRLE  L.eaaiecans (2.4)
whert T 1z the infilvrzcion rate (em/hr}
. 17 the ifufiltraticr time (hr)

n nre constants for g particular rcoil and condition,



7 hag cogariwa sign by dintegrating (2.7) with regpect to tine,

the oot {F) of water thot would Liove $:filirescad inte the sgoil

up £o thar rime 13 obialaed

T - r o™
r = L Y
1£3
17 L *
2 " N T

il cevee (2.5)
That is, the cummulative infiltration F is the accummulated depth
of water tnfilorated during 2 given time pevicd and s <qual to
the introgral o the infileration y2te eover the period
Flo = 05 o ar o L G e
and convaranic, the irfflrratior rate o the “dme derivacive of

the curmulative infiltration

£(t) = aF (¢

Tolllt=ncion froog S0 v T 0 F e dere By orhe @4 Trereatynl

eguc. on

9
From Darcy EXE e

£ > » D cees  K2.7)

Volume flow r ‘
O-LURE A3OW Tine mofcture content in volume ol water pay unit

volume of ol
¥ =  the unsaturated hrdveoulilc conductivicy (LT )

@ = tho zapillary nctenti:t (L)

il
[
2
kY
Pl
(SN
-
3
ot
el
<
3
3
3

i
&
>

~N
2

the co-ordinates in

2ical divection (L)
A genersl ancdynien? aolubicn to equotlon sovove cannot be obtained

becruse borh K oand ¢ ave funciions of 8. Graphical =olutions hava

been made ood vume s

1 vwith computer.
whare & ds the sovprivicy ob the 501l

~ B i T aPa RO ¢

Then che lnovs tomenun D-Ddleranion rota in

oot R O et 3

hocom o oo dy sad equal to K

Tivat gevm o bBscome repligible.
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sorptivity is an important parameter in the description of both
cummulative infiliration and the insrantassous infiliration rate.

M
i

it 40 n0l e arastial bur hecomes rmaller aw rhe Initial water conten

(presouwned uriforn) inecreasasg, Talsma (1969) worked out the optimum

conditions for deriving s from data gained in the ficid {rom

the stendoard ring - Infiltrometer. A3 equaliou (<Z,4) shows, [
should plot on a straight line against /i, soon after cas start

of the experiment uand before the nroceanes represerted by the second

term coacribute significantly for many soilas the straight line

4]

plot ol i va t } is limited £o thrre wi-utes od up o 10 minwtes.

P

ke

Sometimes, alter the ratiss n? rhe water ciothicr snd

gt R

he]

pl
white {(1986) upplied the Waior to the ~wrfoacs through a4 povous
plite, with wdrorrat?

o precsure vegularion, o that the matric

porent lar st the o1 curiszae Lo about 0,060

Stight cuction ign ficient to drain grors {issures and holes

and markedly improves the cotimate of o
te be used 1in caleulations involviag voio~iod i-7ilsyaciea,.  They

isclate » choro soll column by sclupturirg It ong enclosed Lt with

a sorprivity tubz, mode of cleanr perspesn nu thet the wecting front
couid be saal,

1.
LT

in eprinkler {nfflceameters, excess woater Is sproved or dripped

oneo the soilat a4 nu-sur-d rare and the rure’ 7 {rom & central tent

plov within the spraved ores ing e~liecued and nmeasured.  The surrvounding

gucrd ares Ln oe{"rzilve In pravearing crvov lrom later sl movement.
Natural roiniszll con ba usmed as the sourc. ol suppiy when surface

AN, 1 P S N VR - . . U I 3 . £ . v s e b
runcit and przeipliarian dovn ore availobie Dov rein storus of

suiifcicnt intensivy and durorion,  Zegelis and White (1982) described

P

k3

the desdgin or o Jlo0d sovitkler,

[nf{ltrom

tor, invonded yor use in oo

v‘.:
o

Jiue oorperimeniy

&}
-

for s rasyge ¢f valutn of o horh emulier and lerger nas koo Thay
were 2bile to verd | ihos %hos eovpressinn Jor e time or ducipient
ponding, if {o2Ks; was zzlculacad scceprably by the relation

<

t o= ST fe {Fe o~ ko) L., ceee  seee (2.9
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Whewe o1o=  rime of ftcipient nonding (anc)

hes.

farilgrarios sapactty at the onmet of dnfiltration

"

2.,1.4 THE QULLIPS EGUATON
PLilip (1654) devalopod a theorstizal sclutien for one dimarcional

4

Ve b deaT i Toeario s fane oo =il profile curface moisture content

3 o,
Ao+ Ot v DU (2.10)

Where the constants A,B,C ¢tc. are functiong of the soil properties

P
|4

>

4

D(e), R(0) and the ianitiasl and boundary conditions ©, Go.

The first term (At ) veprenents the effect of suction (i.e.
horizontal infiltration) and the remaining terms are effactively
sorrsction term 5 accouni fer gravicy {for emall t, the first
rerns will predowminate,

Philip suggested that if t were not too large the series coculd
§+ Bt

be trunceted i.e. Q(t) = Ac . as the eonatants decreass for

the terms with higher powers of t. Then the Infilltration rate
£ o= dQ is glvea by £ {¢) = § At -3
dt

+ B ..-.{2.].1)

Note that as ¢t ---> fafluity ( } £ ===> HKsac, which
impilies that B is equivaleznt to Ksat. THowsver the appronimate
form of equation holds for t “not too large” hence the theorctical
value of B s different te KRaat.

in wpraccice, the tyuncated equation is widely wused 1In an
empirical manner with A and B empirieally determined and 3
corresponding to ¥eat. The equaction has 2 psrameters compared
with the 3 regqured by Forton's equaticn but has & slight problem
of an indeterminate £(o). Tha squatione wevre comparsd when usad

on the same run-—off model by Dandy and Lichtw,

*y

Thilip eyuztion was easier to fit bdut the accuracy and

sencivivity of the model ware sialilar for both methods.

{ seee
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THE AOLTAN'S EQUATION

The wethod discuased above have all b2en derived for continous

rainfall input. In practice rainfall is intermittent aoc that

it could be wmove convienient to consfder infiltration as -a

SR

fuaction of stored soil wmoisture (This particularlv applies to

conceptual rainfall - run-off models incorporating a soil moisture
atorage compenent)
F F o 1 . 4‘ )
Infiitration f = A (S5a - ¥F) + e cinenes (2.12)
Whare A, fc are constants for a gilven sevil, Sa represants
the cotal available water storage in the soil (saturation ~-=>
pernenent wilting point) and F in the aceoummilated soil moisture.

As infiltration proceeds, F increass and ¥ dacreasea until

nf

= 8a, vharn the 30il profile is saturated f = fc,

o

2. P o Pe - 1 4 (fr - 1 fc) t

ft = A (8a ~ Pt)l"" +

fe cesvass csssts  weus (2,13)

The Holtan's, Philip's and Horton's squations have been widely
used in conceptual modellirg of the rainfall - runoff process.

However the mathods should be recegnised as apnlving to
idealined conditionz (when theoretically-based) of uniform profile
properiics uniform iricial noisture distributions and
one~dimensional flow, or as being empirical simplifications.
MEASUREMENRT OF INFILTRATION

The vate az which water can enter soil when not limited by
the rate of supply is weasured in the field with water either
ponded on the surface or falling on it as artificial or natural
rain st s rete sufficlient to cause runoff, It 1is expressed in
m/e or some convienlent multiple of these units an& ig called
tafilrration capaclty (Horton, 1940) or infiltrability (Hillel,
1371). it 1s a petential rate that is characteristic of rthe zoil

under specified conditious. In partcular, it varies with time

duripg 2 test and with initial water content fig. (2.2)

5

i
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Three methods of estimating infiltration characteristic of

soil include:

EELE
2

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 methéd; the wuse of c¢ylinder 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 waterilevel 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 va:iability.

The variability was mainly due to the uncontroled lateral
movement of water from the cyliﬁder aftﬁg?gthé 'Welting front
reached the bottom of the cylinder. Affgr the initiation of
infiltration, whilé the wetting front 1s in the cylinder, the
water subsidence rate ~corresponds to the infiltration rate.
When the wetting front passes below the c¢ylinder, a more or
less divergence of flow will occur. The lateral movement of
water from cylinder is ,minimizeé“by ponding water in a guard

i

cylinder of buffer area around wﬁich is constructed and used for
the study. |

Infiltration rate observed by cylinder dinfiltrometers are
influenced by the. cylinder diameter, thickness of cylinder,
bevelling of the. cylinder, bottom the method of driving the
cylinder dinto the soil and the dinstallation depth. The
variability of data caused by ring placement could be o&ercome
greatly by leaving: the cylinders in place over a long-period

during a series of measurement.

/G
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The cylinder are usually about 25cm - 30cm deep and are formed
of Z2mm rolled steel. The dinner cylinder, from which the
infiltration measurement is taken is usually 3Ccm in diameter.

The outer cylinder, which is used toc form a buffer pond is
about 60cm in diameter. The cylinders are installed about 10cm
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

PR
3

of the cylinders at the 1Gcm level andlﬁiiﬁing the cylinder
into the ground uby a falling weight type hammer striking on
a wooden plant placed on top of the cylinder or by light blows
with an ordinary hammer’;nd using a short wooden plank to prevent
damage to the edges of the metal cylinder.

The water level in the dinner cylinder is read with the field
type point guage or hook guage ﬁsémetimes an ordinary plastic
scale placed in the dinner cylindefgor a manometer fixed to the
outside of the cylinder are also used, but fér 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 foldeé jute malting.
The matting is used'fo preventing puddling and seal of the surface
soil. After filling the cylinder to about three-fourth of tﬁe
desired level the matting is removed. ‘giﬁ

A stop watch or the second's hand o£ a wrist watch 1is used
to note the dinstant the addition of water begin and the time
thev water reaches the desirgd level. The total quantity of
water added to the dnner cylinder is determined by gounting

the number of full containers.

FACTORS AFFECTING INFILTRATION RATE

The movement of water into the soil by infiltration may be

2 kel e dmm o amle o L5 oAt A vt fmann lamemtreoid A el
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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 dmportant items iInfluencing - the rate of
infiltration has to do with physical characteristic of the soil
line texture and soil particle size.

Thus, the major factbrs affecting the infiltration oﬁ water
into the soil are the initial moisture content, condition of
.the soil surface, hydraulic conductivity of the soil profile,
texture, porosity degree of swelling of soil colloids and organic
matter, vegetative cover, duration of pondigg water, irrigation
or rainfall and viscousity of water.

The antecedent soil moisture content had considerable influence
on the initial rate gnd 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 with the
lowest permeability either at tﬂ;:surface or below it, wusually
determines the infiltration rate.. Infiltration rates are also
affected by the porosity of the soil which d1s changed by
cultivation or compaction.

Cultivation influences the infiltation rate by dincreasing
the porosity of the surface so0il and breaking up the surface
seals. The effects of tillage on infiltration usually lasts
only wuntil the so0il settles back to its former condition of
bulk density because of subsequent dirrigation 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's
(1940) and Green and Ampt (1911) that in surface dirrigation
increased depth dincreases initial dnfiltration sliightly but

1

-=2 ko~ mooldioible effect after nrolonged irrization.
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Infiltration rates are also influenced by the vegetal cover.
Infiltration <rates on grass land 1s substantially higher than
bare uncultivated land.

Addditions of organic matter dincrease infiltration rate
substantially. The hydraulic conductivity of the soil profile
often change during infiltration not only because of the puddling
of the surface caused by zreorientation of surface particles and
washing of finer materials dinto 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 visccusity of warm water.

GRAVIMETRIC METHOD OF OBTAINING MOISTURE CONTENT, BULK

DENSITY AND POROSITY MOISTURE CONTENT

MOISTURE CONTENT

Soil moisture*fcontent shall be determined gravimetrically
as described in the method of soil analysis by BLACK (1965)
by driving a cylindric;l sample core into the soil to entrap
soil at different depths of 0 - 15em, 15 - 30cm and 30 - 45cm
for each plot.

The samples are weighed eaqh ih;the sample can and they are
placed in the oven at 105°Cvfor 2; hours. The cans with soils
are weighed and the difference in the wet weight to the 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).

g = Mw x 100
TS eeeee eeenee (2.17)
Where

Bg = gravimetric water content percentage

Mw = Weight of water 5
P
A &

Ms = Weight of soil after oven drying.

BULK DENSITY

The soil bulk density was determined £from the undistured

- ch b mnd frr 2hae BTa~l-le mathAad fRTarl 142N
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The bulk density cen be calculated using the expression below:
£ %

(D.b) = Ms ‘
\ cerenn e cean (2.18)
(e.D) = M
v oo e ceen (2.19)
Where
D.b = Dry bulk density in (g/cmS)
Ms = Weight of oven dried soil (g)
v = Volume of core sampler (cm3)
B.D = Wet bulk densit
% = Total weight of the socil {g)
\ = Volume = TIrZh’ cie eeean (2.20)
Where
T = Radius of sample core
h = height of sample core

POROSITY (n)

Porosity is the ratio of the volume of the void to the total
volume of the soil. Void comprises of Waterfénd air and the total

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

the soil gram

V o= VW HVS euer  aunn e el (2.2D)
n = YX
v ... e e .. (2.22)

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

gravimetric experiment can be adopﬁedias follows:

n = (1 - Db) x 100
B.D.  ieees e ... (2.23)
Where
n = Total potosity percentage
Db = Dry bulk density (glcm3)

B.D Wet bulk density (g/cmB)

CAUSES AND DETERMINATION 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
ko
structure. Compaction causes a hard :flat layer wnich has a

necoative effect on soil.
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On compacted soils, it dis difficult for water Lo permeat

. P - r .
below the layer there by causing soil crosjon or water logging.

bi

The normal parameters to estimate the <degree of sodl
compaction are maximum pressure of mechqnical devlces on soll
Pk and normal stress 0o.5(-~> a depth of 0.5m). To determine
the maximum pressure of wheel tractor on the soil the following
expression can be used

Pw =K, . Pw Aw
K. ceeen Ceeeen ........ (2.24)
L

Where PWAV Average pressure of wheel tractor on hard surface,

which is determined experimentally:

Pw = Soil compaction
KZ = QCoefficient of longitudunal unequal distribution
oi pressure on contact surface K, = coefficient

l .

which depends on external diameter of tires

Pw Aw = EEﬁ 

Gk = Vertical load on tractor in (KN)
Ak = rea of contact surface of tire with soil in
meter square.

Horton's Equation:

In this study Horton's ‘equafi;n (2.1) shall be adopted
to evaluate the intake cﬁaracteristic of soil at the selected
mechanised farms in_Niger State.

The equation (2.1) d1s dntegrated as follows to cvaluate
the accummulated depth of water idnfilltrated during a glven
time peried.

N
,

t ”~ -t
=~;o fc + (fo - fe)e ™7 at

[+




t T K
= % fedr 4 [° (fo - f£o)e de
o o
~kt.
F = fet + {(fo - fc) [~le o
- , -kt o1 5
F = fct + fo -~ fc [-e + T evenee oo (2.25)
X
- §
If fo - £z = a
'!(,;_
- TN s
F=fet+all-e + %]
jid
e+
- - —KT
F=»fct+all-e ]
Fd

where
F = Accummulatedwinfiltration
fe = The comstant infiltration capacity as t approaches
infinity.
fo = Infiltration capacity at the on set of infiltration
k = a positive coustant for a given soil and initial
condition.
t = tixse.
In this study to determine the soil characteristic constant
k, the Horton's equation (2.1) was traggégrﬁed to equation
of a straight line by taking the 1ogarithﬁﬁ as”follows

Horton's equa

f

to f£ind the

£ =
lcg f =
Log £ =
Log £ =
Logt =
y =

which is a s
c =

o =

LN

tion (

o

1)
N -l
fet (fo - .Fe)e <t

log on both sides

fc + (fo - fc:)e_kt
logfe + log (fo - fq) + log e—kt
log + log e-—kt e
log fo + log e_kt
iog fo - k.t log e
log:fo -~ K 1og et teeeeeneee cunn (2.26)
C + mx
traight line graph with the intercept

log fo and gradient

gradient
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CHAPTER 3
MATERIALS AND METHOD

Introductory Note

In this Chapter the procedure to determine the soil moisture
content and infiltration rate are discussed below.

The infiltration rate experiment i1s to. determine the rate
at which water goes orxr penctrates into the soil at a known
molsture, by obtaining the drop in hedght of water in the double

ring infiltration at a fixed perilod of time.

GRAVIMETRIC TEST APPARATUS/MATERIALS

Moisture can and lids
Sample core

Cutlass

Plank

Oven

Weighing Machine.

STTE DESCRIDPTTON

The sltes have a geographical coordinates of latitudes 9°45N
longitude 6°07E for N.C.R.I. located at altitudes 70.5 metres
above sea level and Guinness farm is locatgq~9n latitude 9°N
and longitude 5°30'E in Kudu, Mokwa Local Gové;;mént.

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

Vegetationally, the three sites are located din the sudan
guinea savannah region and has basically the ralny, harmattan
and dry season weather.

EXPERIMENTAL LAYOUT

The deslgn of experiments was a randomlsed complete block
(R.C.B.) with three treatments. The tilled (T), Nomn-Tilled (NT)
and Tractor tracks (Tt); and with three replicates.  The

experimental layout is illustrated in Fig. 3.1.
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Plot sizes werevSm x Sm and seperated by 2 meter alley between
each other. Plots were marked out in 3 sites to correspond to
the Tilled (1), Non~-Tilled (NT) and Tractor tracks (Tt). Othc%
features of the sites are shown 1in Table 3.1.

The sample core is wmade of wrought i1ron and 1t 1z bevelled

at an end. P
L

o

The size of the somple core is 7em diameter by 7.3em in
height.
PROCEDURE

The sample cores are placed on the soll (0 - 15em) and driven
in by applying force from welght. When the core 1s filled wilth
soil, it dis gently remo?ed by placing a cutlass under the sample
core; so as to prevent the soil in the core from falling off.

After removing the sample 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 same procedurc is repcated for 15 - 30cm, and 30 ~ 45cn

soil depth.

[438] i

the cans are all covered with thelr lid@?dfter filling It

with soil.

All the sampleé& are taken gently in a container dinto the
laboratory, where an electronic weighing machine is wused to
measure the weight of the cans and the soil.

The cans are all labelled and weighed before being taken to

the field.

A :
The cans are labelled in this way: Tor the tilled soil cans,

we have: T1, 0 - 15, T1, 15 - 30, T1, 30 - 45 cm

1

T2, 0 - 15, T2, 15 - 30, 72, 30 - 45 cm

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

This shows that for plot ome of the tilled soil, Tl is used
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The cans containing soil after being weighed are placed in
the oven for 24 hours at a temperature of 105°C. 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.
PLOT A 5m f
y T
Zc:_f/{ﬁi{/gx im p
PLOT & I om
7777777 L 3 _
_ Fiﬂ 2. La:jouut of the weperimeant
PrLoT C 5m .
1 Shouhqﬁ Yeeatments and

Plots.
3.1.6 PLOT DESCRIPTION

%.1.6.] 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
s0il 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.

3.1.6.2 The Non-tilled Plot
Due to the effect of continuoue farming,.operation on the
’ G
soil, by machine(s), is selected where tﬁe soiﬂ is alacst . .
its natural state for a long time.,without any . machine
relationship. Border bereen fields are normall used for this
experiment. This will give room for comparison of the éffect

of machine operation on the soil and non machine operation

on the soil.
3...6.3 The tractor trac ks plot. o

This dis an area where there has always been a constant

machine traffic travel which the area experienced soil compaction.
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The essense of this is to know the effect of soil compaction
on the soil as regards its rate of infiltration

3.1.6.4 Crop Resjdue on Surface

[

This is the amount of plant ‘that remains on the soil from
the lazst season up to the present time before the experiment.

The table beicw shows the featureg of the plots.

IS

Table 3.1 Features of the Tilled, Non-Tilledand Tractor

Tracks Piots N.C.R.ZI.

Features : Tilled : Non~-Tilled ¢ Tractor Tracks
Types of farming
operation domne : Plowing :Mo farm operation: Tractor movement
Period cperation : : :
last perform : 3 days : 5 years : 3 days
Surface Configu~- : : H
ration : Rough :  Smooth 22 *Compacted

This informations are gotten frem the farm agronomy department
of the farm.

Table 3.2 TFeatures of the Tilled, Non-Tilled

anand Tractor track plot of Guinness farm

Features : Tilled : Non-Tilled : Tractor Track

Type of farming ¢ Plowing aand

..

operation done : Fertilizer : Non-farming : Tractor
¢ application : operation : tracks

Period operation : :

was last performed: 2 Weeks : 8 years 1 Week
Surface Configu-~ : Co s
ration ¢ Rough ¢ Smooth : Compacted

. . .

Informations are gotten from the farm agronomy department of
the farm.

Table 3.3 Teatures of the Tilled, Non-Tilled

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

Features : Tilled : Yon-Tilled : Tractor track
Type of farming : : No farming : Tractor
cperation done : Plowing " : operation : tracks

Period operation : :
was last performed: 3 days :

-
o
r<
©
[
K
w

: 3 days
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In this study, Horton's equation was adopted to davelop the intake
characteristic equation for the solls encounterad. The infiltration
rate ond sccummulated iafiltraticn depth equation shall represent
the observed decresae of infiltration rate with time, /,/

The choice of the Horton's equation for this study is due to the/’l
fact that the Herton's equation has the censideration for th‘s

accuumulatad deptn equation snd it has the easiest formular for

caiculating the infi{ltration depth.

132 WATIONAL CEREAL RESEALCYH NSFITUTE, BABBEGST

2.2.1 Iatroductory Note

In the 18th Century, awarensss had already bszen created
by researchers, to improve plapt quality: in yield. and
rasistance o disesses., Thia is gesture was also extended
to some African countries by the developed country and in
1898 & wecnarch iastitute on cereals like rice, millet etc.
was developed at Ibadan called Moors Plsntation in Oyo -
State of Rigeria,

Moore Plantation ae at that time was the hesdquarters
cf ceresls research institute in Nigevris. In 1984, the
rasearch institute felt there was need to centralize the
progremme:, s¢ thet all states way berefit and the National
Caraals Resesvch Innctitute which wps formally & branch was

made the headquarters.

222 LOGATION

2.2-3

Thie Hational Cer=ula Regearch Iastitute (NCRI) Pamm 45 loeatad
at latitude 9° 45N and longitude 5° O7E in Baddeggi, Bida Local
Goverument of Niger 3iste, 1t is abeut 90km sway from Minns the
Higer State Capital, N.C.R.I., du in the Sudan guinea Savannsh
ragion of Migeria,

RaIN ZALL
Retufall normally oceurs {rom March ¢to October in Baddeggi,

wish ir=s neak rainfeil around .july/iugust.
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CEOP_GROWN

Frorr  joaformations collected st the W.C.R.I. 1library, the
Baddaggt form was proposed to grow differant cereal crops but
rice 1s the mandate crop of the farm. However, crop like cowpes,
307a beans and pigeon pea are plantaed to replenish the soil.

fice Plantation {s done <n the lowland and upland and this
gives rise to the name; upland rice or lowland rice. Due to the
high water level of the lowland aresz, the upland area was only
chogaen [or the experiment.

Rice grown in the upland always requires water depth of between
900mm ~ 1500mm to thrive well,

it ¢ an ares with gentle slope, this helps 1in the good
drainage of the rica Yield.

CULTURZAL PRACTICE

The F.C.I.T. fzzm has sbout 85 hecters of cultivable land
for experimental research out of the 100 hecteres land mass.

Thexs are different farm operation done in the N.C.R.I. farm
like ploughing, harvuwing planting, spraying of herbicides and
harvesting. The tractor used ir N.C.R.I. 18 the universsal
tractor, Steayr 1is the common model of tractor being used. The
mcdel used in the 8075 wodel with about 45 horse power. The
various Implements ussd for the farming operation are tractor
drawvn implements.

TZPY OF SOIL

The tvpe of soil found in this arez is a sandy loam soil,
classiflod ee the oxice paleustalf type of soil,

It in friabie with low water retairing capacity. It 1s
elightly acidic in nature with u P H of about 4.9 - 5.6.

It has a high organic nritter level., This datas are gotten
from the sgoil acience departwment of the Federal University of

Technclogy, Minna,
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3.2.3

"2.3.4
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GUINNESS FARM NIGERIA P.L.C. KUDU

Irtroduction Note

In 1983, the Federal Government of Nigeria banned import
of malt and bariey for the production of beer, This was in
line with the government policy to introduce self reliance and
the use of locual material in the production of goods and
materials, beer i::zliusive.

Guinness Nigeriz P.L.C. brewery wzic nico aifected with this

policy. This led te the birth of Guirners Zarms o division
0oi Guinnesz Nigeris P.L.C. brewery in 1906, The ijarm was

intendnd t¢ be an expevimental farm to study and develop the
various grain thet are evailable io the country and to know
tha bect trpe of grain that can be used for heer production.
Atter the trisl, the farm wag di;yfsl;;pud into 4 full mechanzed

farm to plant maize s

Presentl;, Guiunesr orie third
o1  the maize uced (or beer production by the brewery., This

ze 1o used irn the production o Gulineos estra stout, Harp

£
8
o7
[
1 &4
-

lager beer aud malta Guing

LOCATION

Cuinnesec fams is located ot larituds 9N and longitude 5°
30'E  in Kuiu, Hokwa Local Govermment of Niger State. It is
ebout 38k:m irom Mokwa aleng the Bida - Mokwa wav., The f{arm
site iy located in the Sudan Guinea Savancah rveglon of Nigecia,

Rairfall nermally occurs from March to October with is peak
around Julv/August, Table 1.2 gives the monthly rainfall value
of Kudu from 1990 - 1984 (Sew Appendin 5322,
CROP_GROWN

Guinness tarm being the maicr  producsr  of the mother

company's matericl, grows malze s 1ts mendate crop.

i de
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Crops like sova beans and cow pea are also grown to repleunish
the 30il nutrients. The rain fall pattern has favourcd the
growth of maize ir the area. Crops are grown once a vear

because they ergage in rainfed farming.

TOPOGRAPHY

The area is generally f{lat with eome rocky areas zand this
has rendered come ~vezs uucultivable,

Generally, there zre trees in the area which acts as wind
breakers.

CULTURAL PRACTICE

The culzivable land »f Guinness farms ic obout 3,300 hectaros,
out of the 4000 hecrarss land mass. The land under cultivation
s about 2,500 hectroves,

There are varicus Iarmlng operaticns thnt are undergone on
the farm. Thev irclude ploughing., which is done before the
rain fully stavir weruallvy it is done after the firvret rain,

Harrowing 1s done by a two row dise hirrow., Scwme of the disc

<3
4
(=¥

are the double gang harrcw. The mochztic;l“planter is use
ior  plantiag. The Jertilizor  spreadsy  is used for the
applicztion of fertilizer. The boom sprayer s used for the
applicaticon cf fertilizer. Fertilizer is opplied twice, one
after pleughing and the other one after planting. darvesting
is done with z combine harvestcer.

1

Various machines ore employed for all this operationms,

4
o
o

Guinness Farms, Massey Ferguson machinea ore used. Trcectors
of model 275, 1290 of 45 horse power, the universal tractors
used for fertilizer spplication end herbicides application.
Farm operation 1ike pinughing ond harrowing is done with heavy
duty tractors »f medel 3650, 3655, The harvow,ploughs attached

to the trectoveoare trailed.

/ sese
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50IL TYPE

Kudu iz iv the sudan guinea savannah iv Nigeria. TFerrasols
is the common type of eoill found in this ares., They are raddish
yellow in colour with o deep trizble znd porous noture.
It iu & deep porous sandy or sandy loam soil with increasing
clayey content,

THE NATIONAL YOUTE GERVICLE CORP FARM

Introducticn Note

The Natlenz! Youth Service Corp Farr Is purely operated by
corpevys  of Higer State with the alom to improve and dnercace
feod rur corper oud the pepulnee.

The foavm was -otablished In 1924, 1t is sited at Kilemeter

The farm grows K.ce as its mandate crep.  Due te lack of
labour, finance ~od mechinery Zarm rhae has vot being sbie to

engage L enlenso.s Jammlng

The racra 15 divided loto A cocal o 10 hecteres

Gf 100 hectares 35 under cultivacius. 2lct & of 3 hectarec

(41

ou
i used for sced vaising and has beenn 1o usce [or ubour 10 vears
now., Plet B of 7 hectares is the new plot thar has just been
dewvelopad this sevr,
LOCATION

The Navienal Youth Service Lorp Farm is leocated at laticude
9° 41'N und longiltude &7 LU'E Lo Garstu, linns Looil Goveroment

ST
it e

oi Wiger State. It is in the sudan guinec
RAIR FALL

Puc to the problems menticned in 1.41, there is no rainfall

is  usormally from Mrreh  te Oetobey  with  1ts pesk around

July/August. Tobl: 1.3 is provided in Appusdin D5.  fOeces

/ L WY
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CRCP GROWD

Rice is the mrjer crop grown in the

developmer” form 1is used

planting of ries in the next

SORJZENT,

ths high percentage of

the snil,

the  weow

round but
facilit,
TOPOGRAPITY

The  aras of  the land iz nnt

growing  crnon ir rome

providad ~t the the farm

edgen of

wWiter.

CULTURAL PRACTICE

The N,Y.S.C. Form hre a land mass

10 hoectores fr usder cvltivoetion,

The  farming

dise  harrow, Plantiag 10 dons

faveriilzer zpolicorior 4o
with 2 hand sprayer.
maturity 1z done menuallye,

The tractor used for the farming

mod~l which drow »11

ie -

SOT!, TYPE

Goerrtu being i~ the Sudan Guinea

acklsh grev in

Lt hoe 2 high percentnrge o1 clay and 10§ & worer

Dafrymations are gotoeun

Sciones deparoment,

clay

lowland rice is planted.

raculer,

AT e

Yy

npercoicns in svas ars

by »

done maruzlly.

The harvesting of

the implementg used behind it.

Das houldsr s acd pvecky afror Rt

N.Y.S.C. Farm, The

seed

ir developing cseeds that are used for

and water reteation
Rice could have

for lzck of irrigation

rainfed farmiang in the regulay przctice each vear.

The aresn used for

are slopy. Drainre are
Yoy conveyvance of excosn

-
i

00 hectnavres bur about

ploughing. dove with a

acchiniesiplanter while!
Horbicidea ave applied

the rice arter its

735

eperation fs asteyr

The plough

single vow plovgh rnd the harrow 3a 2 double row tvpe.

5 2 leamy

Trem FoULT., Minna, Soil
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and treatments.
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DETERMINATION OF SOIL BULK DENSITY (B.D)

C

The so0il in the sample core are poured ig;ééeans with 1lids,
weighed and placed in the oven to dry fo; 24 hours &t a“
temperature od lO5°C: The reading are recorded for =211 plots

The samples are weighed again after 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 usgdlfor the calculations.

The sample core has a diameter 55 §.Ocm. The radius of the
core 3.5cm, the height ¢f the core is 7.3cm. This core is used
for all the experiment. This gives the same volumejof samples

for all the experiments.

DETERMINATION 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 obtaindthe
ratio of the volume of pores (vqids) to the total soil volume
of all soils encountered. Tables (37%,§— 3.9) shows all
gravimetric data and results. :

INFILTRATION RATE APPARATUS/MATERIALS

Stop watch or wrist watch

’Méasuring Jug

2 Cylinders,
Ruler

Plank

Weight

Drum and Buckets.

In performing this experiment a double ring infiltrometer

was constructed. The two cylindcical rings have a height of

" 250mm and the outer diameter is 600mm. The diameter of the inner

cylinder is 300umm. The cylinders were constructed using
galvanised flat sheet of 1.5mm thickness.

Plate 3.1.
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Table 3.4: GRAVIMETRIC TEST FIELD DATA OF THE NATIONAL CSREAL RESEARCH INSTITUTE BADDECG I

.  VRESE VEIGHT IN GRAMS - . DRY WEIGHT IN GRAMS - . DIFFERENCE WEIGHT — - MOISTURE CONTEWT IN

WEIGHT OF CAN 0.45(g) WEIGHT OF CAN 0.45(g) IN_(GRAMS) PERCENTAGE 2
__ DEPTH( ) A B c A B c A B c A B
g 0 - 15 480.32 485.16 48B8.70  440.90  449.21  448.32 39.42  35.95 40.38 8.94 8.00 | 9
>
E 15.- 30 490.79 500.63 508.16  450.16  463.36 463.50 40.63  37.27  40.66 9.05 8.06 { 9
& 30 - 45 506.32 495.65 504.32  470.03  462.29 459.01 36.29  33.36  45.31 7.72 7.21| 9
Average 492.47 493.81 500.39  453.69  458.28  4B6.94 38.78  35.52 43.45 8.57 7.15 9
i 0-15 410,31 503.75 51239 469.88  462.78  470.74 40.63  40.97  41.65 8.65 8.85 8
Q v
§§15 - 30 502.16  500.56 506.71  459.98  437.27 467.32 42.18  43.29 39.39 9.16 9.08 8
-
2':‘330 - 45 496.78 508.13 508.91  452.66  462.00 464.75 44.12 46.13  44.16 9.74 9.98 9
Average 503.08 504.14 509.33  460.77  460.68  467.60 42.31  43.46 41.73 9.18 9.43 €
¥ o-15 496.80 497.19 407.78  460.69  466.72 464.11 36.11  30.47 33.67 7.83 6.52 |
é is - 30 503.67 499.32 502.69  470.50  463.76  466.01 33.17  35.56 36.68 7.04 7.66
g 30 - 45 500.39 502.36 505.12  461.49  463.17  455.63 38.90  39.19  49.49 8.43 8.46 1

Average 500.28 499.62 501.86 464.22 464.55 461.91 36.06 35.07 39.94 7.76 7.54

",



Table 3.5: GRAVIMETRIC REST FIELD ANALYSIS OF THE GUIKESS FARM PLC KUDU

e

/ | FRESH WEIGHT IN (G) DRY WEIGET IN (GRAM) DIFFERENCE IN MOLSTURE CONTENT IN

S/ | WEIGHT OF CAN 0.45(g) WEIGHT OF CAN 0.45(g) WEICHT IN (GRAM) PERCENT X
e ’ g DEPTH A B c A B c A B c A B

g% 0-15 547.90 560.62 533.64  511.98  521.70  502.35 36.32  38.92 31.29 7.09 7.46

< yse30 548.00 568.26 5764.28  517.64  534.86  540.08 30.36.  33.40 34.20 5.86 6.26

. g 30-45 554.65 573.20 581.30  515.34  532.84  541.40 39.31  40.36 39.90 7.62 7.57

-v'/’,;';v"{/ | Average  550.18 567.36 563.07  514.98  529.80 527.94 35.33  37.56 35.13 6.85 7.09

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

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

’ SH 30.45 562.38 588.90 582.78  526.85  552.48  539.54 35.53  36.42  43.24 6.74 6.59

__ Average  573.86 579.60 575.89  537.32  542.36 546.23 36.709 37.11  39.65 6.83 6.88

g 0-15 582.60 593.30 598.80  541.98  548.91  548.72 40.62  44.39 49.78 7.49 8.08

S 15-30 590.63 599.30 609.35  S547.34  552.52 561.05 43.29  46.78  48.30 7.91 8.46

§ 30-45 593.24  602.35 eios.u 546.94  553.56  555.42 46.30  48.79  50.25 8.46 8.81

Average 588.82 598.31 1403.60 545.42 551.66 555.06 43.40 46.65 49.45 7.95 8.45
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Table 3.6:

GRAVIMETRIC TEST FIELD ANALYSIS OF THE NATIONAL YOUTH SERVICE CORP FARM GARATU -

FRESH WEIGBT IN GRAM

DRY WEIGHT IK (GRAM)

DIFFERENCE IN

MOISTURE CONTENT IN

WEIGHT OF CAN 0.45(g) WEIGHT OF CAN 0.45(g) WEIGHT IN (GRAM) PERCENT %
DEPTH A B C A B c A B C A B Y
g 0 -15 498.60 443.83 426.78 460.27  409.63 419.58 38.33  34.20 16.20 8.32 8.3¢ 3.
= -
< 15-3 452.77 462.38 431.51 426.78  415.80  406.25 25.09  46.58  25.26 6.08 11.20 6.
|~ -
R 30 - 45 ~387.84  384.62 498.29 358.76  348.38  345.65 29.08  36.24 52.64 8.10 10.40  15.
Av'.ng. 446.40 430.28  452.93 415.27  391.27 387.49 30.83  39.01 31.37 7.50 9.98 8.
é 0-15 455.35 468.38  462.92 429.42  444.90 43(.43 | 225.93 23.48  28.49 6.03 5.27 6.
E;&; 15 - 30 25'7-.65 463.94 573.@4_\ 431.18  429.35 433:34 25.91 - 34.59 40.60 "6."05\ . 8.05 9
S 30 - 45 478.00 468.46 484,28 | \“s.“ 430,07  448.04 32.16  30.39  36.24 7.2 7.66 8
_ Average 463.48  466.93  473.61 435.48  434.77  438.60 28.00  29.49 35.11 6.41 6.79 8
g 0 - 15 A70.71 484.0  434.22 448.00  456.84  409.42 22.71  27.16  24.80 5.06 5.94 6
S 15 - 30 454.26 509.10  451.50 434.98  486.79 423.79 19.18  22.31 4.40 4.58  4.58 6
g 30 - 45 464.65 467.72  457.00 414.98  438.84 436;90 ’ 29.57 . 28.88  20.10 7.4 6.58 4
Average 456.51  486.94  449.57 432.65  460.82 423.37 -2};85 S “zk.iz 24.20 -~ .53 ﬁsm ;
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Table 3.7:  NATIONAL CEREALS RESEARCH INSTITUTE BADDRGGI

BULK DENSITY POROSITY
PLOT A DEPTH
(TILLED) (cm) A B C A ] c
1 00-15 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 1.67 1.64 1.63 36.98 38.11 38.49
Average 1.61 1.63 1.62 39.24 38.61 38.87
PIOT B
(NON-
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 37.35
3 30-45 1.61 1.64 1.65 39.24 38.32 37.18
Average 1.63 1.64 1.66 38.24 38.23 37.3%
PLOT C
(TRACK)
1 0-15 1.63 1.66 1.65 38,49 37.35 137.73
2 15-30 1.67 1.65 1.66 36.98 37.73 37.35
3 30-45 1.64 1.64 1.62 38.11 38.11 38.86
Average 1.65 1.65 1.64 37.86 37.73 37.98

/330..
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Table 3.8

GEUMNESS FARM KUDU FIELD ANALYSIS e 3.7NATIOKAL YOUTH SERVICE CORP FARM GARATU
B B BULK DENSITY . - POROSITY
PLOT A DEPTH BULK DENSITY POROSITY PLOT A DEPTH
(TILLED) cm A B C A B c (TILLED) cm A B c A B c
i 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.B7 30.02 28.93 29.30 Average 1.47 1.38 1.38 44.52 47.80 58.05;;
PLOT B PLOT B
(NON~TILLED) . (NON-TILLED)
1 0-15 2.00 1.911 1.96 26.52 27.92 26.03 1 0-15 1.52 1.58 1.54 &2.64 40.37 41.88
2 15-30 1.86 1.89 1.54 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 4.92 29.43 26.03 27.54 3 30-45 1.58 1.53 1.59 40.37 42.26 40.00
Average 1.91 1.92 1.94 27.92 27.34 26.79 Average 1.54 1.54 1.55 41.76 43.09 41.25
(TRACK) g e
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
2 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 1.87 1.56 1.55 44.53 41.11 41.50

Average 1.93 1.96 1.97 27.04 26.03 25.66 Average 1.53 3.64 1.50 42.14 38.23 43.39
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INFILTRATION RATE METHODOLOQZ

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 fhg selected plot.

First, the inner ring is placed on the soiléfT%e ring is then
inserted into the soil by placing a plank écross the ring and
tapped gently until the ring has gone into the so0il within a
depth of 100 -~ 150mm. &

The dinmer 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 dinstalled at a depth
130mm due to the loose nature of the soil to avoid water seepage.
For the Non-tilled and compacted plots has their rinés inserted
to a depth of 130mm as well.

After the dinstallation of the inner ring, the outer ring was
also installed in the same manner to a depth of 150mm. During
the installation of the outer ring, care was taken to centralize
the distance between tﬁe two rings.

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

P

i

before commencing the experiment fully. h e

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 imnner and outer
ring of the infiltrometer to avoid puddling when pouring water
in the rings. Water was‘méasured with a four litre capacity
can and the watch was set at zero reading. After ’the
infiltrometer was put in place, water was powered into the inner

ring and simultaneously the watch was started.

/35....
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The inner ring was filied up to a level of 22cm reading on
the zruler in the dinner cylinder. This implies that 22cm on the
ruler is used as the reference pointﬂ When the inner ring has
been filled up to the reference point, the outer ring was also
filled up to the reference point. The water 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 dinfiltration rate of the loose soil. Wéter
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. oA

;

The time reference point also varies depending 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 ring.

The experiment continues for some ‘ime until when a constant
reading value i: obtained for about 3 to 5 times.

For every experimernt, dinfiltration 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.

/36....
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Table 3.10: THE NATIONAL YOUTH SERVICE CORP FARM GARATU FIELD DATAS
PLOT A (YILLED;

Water Water Water Water
Time Level Difference Level Diffcrence Level Diiference Time Level pDifference
Reading Reading Reading Reading
0 22.00 0 22.00 4 22.00 0 0 22.00 0
10 18.00 4.0 18.50 3.5 15.20 310 10 20.00 200
20 20.00 2.0 20.00 2.0 19.50 2.5 20 20.50 1.5
30 20.50 1.5 26.40 1.6 26.50 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
50 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 G.5
g0 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
10C 21.70 0.3 21.70 0.3 21.70 6.3 100 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 21.50 Q.1 24.90 6.1 120 21.90 0.1
130 21.50 0.1 21.90 0.1 21.90 0.1 130 21.90 a.1
140 21.90 D1 21.90 0 21.90 0.1 140 21.90 0.1

150 21.90 0.1 21.90 0.1 21.90 0.1 150 21.90 0.1
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FidT & (TILLED)

(NON-

PLOT C ((TRACK)

Water Water Water Water Water

Level Difference Level Difference Time Level Difference Level Difference Level Difference
Reading Reading o Reading Reading Readfpg ==
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 30 20.80 1.2 20.70 1.3 »20.£07 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 50 21.20 0.8 21.10 0.9 20.80 1.2
21.40 0.6 21.40 0.6 60 81.40 0.6 21.30 0.7 21.00 1.0
21.40 0.6 21.40 0.6 70 21.40 0.6 21.30 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
21.70 0.3 21.70 0.3 160 21.60 G.é 21.60 0.4 21.60 0.4
21.90 0.1 21.90 0.1 110 21.70 G.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 21.70 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 0.1 150 21.90 0.1 21.90 0.1 21.90 0.1
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Table 3.11: GUINESS FARM PLC KUDU FIELD DATA

YLOT A (TILLED)

Water Water Water Water
Time Level Difference Level Difference Level Difference Time Level Difference
Reading Reading Reading Reading
0 22.0 0 22.00 0 22.00 0 0 22.00 0
5 16.5 5.5 16.70 5.3 16.50 5.5 5 18.50 3.5
10 17.7 4.3 17.50 4.5 17.50 4.5 10 18.80 3.2
15 18.2 3.8 18.00 4.0 18.20 3.8 15 19.00 3.0
20 18.6 3.4 18.50 3.5 18.60 3.4 20 19.20 2.8
25 19.00 3.0 18.90 3.1 19.00 3.0 25 19.40 2.6
30 19.30 2.7 19.30 2.7 19.20 2.8 30 19.60 2.4
35 19.50 2.5 19.70 2.3 19.25 . 2.5 35 19.70 2.3
40 19.90 2.1 20.00 2.0 19.80 2.2 40 19.90 2.1
45 20.00 2.0 20.00 2.0 19.90 2.1 45 20.00 2.0
50 20.20 1.8 20.30 1.7 20.10 1.9 50 20.10 1.9
55 20.20 1.8 20.50 1.5 20.20 1.8 55 20.30 1.7
60 20.60 1.4 20.70 1.3 20.50 1.5 60 20.50 1.5
65 20.60 1.4 20.80 1.2 20.70 1.3 65 20.70 1.3

70 20.80 1.2 21.00 1.0 20.90 1.1 70 20.80 1.2
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PLOT B {TILLED)

(NON-

Water

PLOT € (TRACK)

Water

Water

Level Difference Time Level Diffeiégce Level Difference Level Differeﬂé%

Water Water
Level Difference
Reading = Reading e
22.00 0 22.00 0 0
18.50 3.5 18.30 3.7 5
18.80 3.2 18.60 3.4 10
19.10 2.9 19.00 3.0 15
19.30 2.7 19.30 2.7 20
19.50 2.5 19.56 2.5 a5
19.70 2.3 19.70 2.3 30
19.80 2.2 20.00 2.0 35
20.00 2.0 20.10 1.9 40
20.20 1.8 20.30 1.7 45
20.60 1.6 20.50 1.5 50
20.50 1.5 20.60 1.4 55
20.70 1.3 20.70 1.3 60
20.80 1.2 20.80 1.2 65
20.90 1.1 20.80 1.2 e

.-Reading - Reading Reading
22.00 0.00 22.00 0.00 22.00
19.50 2.5 19.70 2.3 19.40
20.30 1.7 19.50 1.5 20.20
20.50 1.5 20.70 1.3 20.50
26.50 1.5 20.80 1.2 20.60
20.70 1.3 20.90 1.1 20.70
20.70 1.3 26.90 1.1 20.80
20.30 1.2 21.00 1.0 20,80
26.60 1.2 21.00 1.0 20.90
21.00 1.0 21.10 0.9 21.00
21.10 0.9 21.20 0.8 21.10
21.10 0.9 21.20 0.8 21.10
21.10 0.9 21.20 0.8 21.10
21.20 0.8 21.30 0.7 21.20
71.%9 0.8 21.30 0.7 21.20

s 2t s W 0 0 s o 0t

1.8
1.5
1.4
1.3
1.2
1.2
1.1
1.0
0.9
0.9
0.9
0.8

0.8

e

.
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75
80
85
90
95

100
105
110
115
120
125
130
135
140
145
150

20.80
21.00
21.00
21.00

21.20

21.20
21.30
21.50
21.50
21.50
21.70
21.70
21.70
21.70
21.80

21.80

1.0
1.0
1.0
0.8

0.8
0.7
0.5
0.5
0.5
0.3
0.3
0.3

0.3

0.2

81.00
21.10
21.30
21.30

21.30

21.50
21.50
21.50
21.60
21.60
21.60
21.70
21.70
21.80
21.80

21.80

1.0
0.0
0.7
0.7

0.7

0.5
0.5
0.5
0.4
0.4
0.4
0.3
0.3
0.2
0.2

0.2

21.10
21.10
21.30
21.30

21.40

21.50
21.50
21.60
21.60
21.60
21.60
21.60
2170

21.70
21.70

21.70

0.9
0.7
G.7
0.7

0.6

0.5
0.5
0.4
0.4
0.4
C.4
0.4
0.3
.3
0.3
0.3

75
85
85
90
95

100
105
110
115
120
125
130
135
140
145
150

20.80
21.00
21.60
21.20

21.20

21.20
21.30
21.30
21.40
21.40
21.40
21.50
21.50
21.80
21.50
21.50

1.2
1.0
1.0
0.8

0.8

0.8
0.7
0.7
0.6
0.6
0.6
0.5
0.5
0.5
0.5
0.5



Q
L)

21.10
21.10
21.20
21.20
21.20
21.30
21.30
21.40
21.40
21.490
21.50
21.50
21.50
21.50
21.60

21.60

0.9
0.9
0.8
0.8

0.8

0.7

0.7
g.6
0.6
0.6
0.5
0.5
0.5
G.5
u.4

0.4

20.90
21.00
21.10
21.10
21.20
21.30
24.30
21.40
21.40
21.50
21.50
21.50
21.50
21.50
21.60

21.60

1.1
1.0
0.9
0.9
6.8
0.7
0.7
0.6
0.6
0.5
0.5
0.5
0.5
0.5
0.4

0.4

80

85

90

95
100
105
110
115
120
125
130
135
140
145

150

21.30
21.30
21.30
21.40
21.40
21.40

21.50

21.60
21.60
21.60

21.60

.7
0.7
0.7
0.6
0.6
0.6
G.5
6.5
0.5
0.5
0.4
0.4

C.4

0.4

0.4

0.“

21.30
21.40
21.40
21.40
21.40
21.90
24.50
21.50
21.50
21.60
21.60
21.60
81.60
21.60
21.60

21.60

0.7
0.6
6.6
0.6
0.6
0.5
0.5
0.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

6.4

21.30
21.30
21.40
21.40
21.40
21.50
21.50

1.50
21.50
21.60
21.60
21.60
21.60
21.60
21.60

21.60

6.7
0.7
0.6
0.6
0.6
0.5
0.5
G.5
0.5
0.4
0.4
0.4
0.4
0.4
0.4

0.4

f;39- .



Table 3.12: THE NATIONAL CEREALS RESEARCH INSTITUTE FARM FIELD DATA

PLOT A (TILLED) PLOT B (NOK-TILLED)
jji Water Water Water Water .
Y Time Level Difference Level Diiference Level Difference Time Level Difference -

‘;//’{ Reading Reading Readivyg Reading

0 22.00 0 22.00 0 22.00 0 6 22.00 ‘0

y 2 16.80 5.2 16.80 5.2 17.06G 5.0 5 14.00 8.0

4 17.50 4.5 17.50 4.5 17.50 4.5 10 15.00 7.0

6 18.00 4.0 17.80 4.2 17.80 4.2 15 15.60 6.4

8 18.00 4.0 18.00 4.0 18.00 4.0 20 16,20 5.8

10 18.00 4.0 19.50 2.5 13.00 4.0 25 16.56 5.5

12 20.70 1.3 20.00 2.0 20.00 2.0 30 17.00 5.0

14 221.00 1.0 20.80 1.2 21.0C 1.0 35 17.30 4.7

16 21.00 1.0 21.00 1.0 21.0C 1.0 40 17.60 4.4

18 21.10 0.9 21.10 0.9 21.00 1.0 45 18.50 3.5

20 21.20 0.8 : 21.10 0.9 21.20 0.8 50 19.0C 3.0

22 21.20 0.8 21.30 0.7 21.29 0.8 55 19.50 2.5

24 21.20 0.8 21.30 0.7 21.20 0.8 60 19.50 2.5

26 21.30 0.7 21.30 0.7 <1.26 0.8 65 19.8¢C 2.2

28 21.30 G.7 31.30 LeT 21.40 0.6 70 19.80 2.2

« 28 21.30 0.7 21.40 0.6 21.40 0.6 75 19.80 2.2
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PLOT BNoN-TiLLED)

PLOT C ('TRACK)

Water Water wWater Water Water

Level Lifference Level Difference Time Llevel Differeuce Level Difference Level Diiference
veading Reading Reading Readiny Reading

22.00 0 22.00 0 0 22.00 0 22.00 0 22.00 0
13.00 9.0 14.00 8.0 5 19.50 2.5 15.2¢ 2.8 19.50 245
15.00 7.0 15.00 7.0 10 20.00 2.0 20.00 2.0 20.00 2.0
16.00 6.0 15.50 6.5 15

16.C0 6.0 16.50 5.5 20 20.50 1.5 20.40 1.6 20.80 1.5
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
17.30 4.7 17.46 4.6 35

17.60 6.6% 17.60 bty - 4C 20.70 1.3 20.70 1.3 20.70 1.3
17.60 4.4 17.80 4.2 45

18.50 3.5 18.80 3.2 50 20.20 i.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 20.00 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 21.10 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
34
36
38

40
42
&4
46
48
50
52
54
56
58
60
62
64
66
68

70

21.30
21.30
21.40
21.40

21.50
21.50
21.50
21.50
21.60
221.60
21.60
21.70
21.70
21.70
21.70
21.70
21.70
21.70
21.70

21.70

0.7
0.7
0.6
0.6

0.5
0.5
0.5
0.5
0.4
0.4
0.4
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3

0.3

21.40
21.40
21.40
21.50

21.50
21.60
21.60
21.60
21.60
2i.70
21.80
21.80
21.80
21.80
21.90
21.90
21.90
21.90
21.90

21.90

0.6
0.6
0.6
0.5

0'5
0.4
0.4

0.4

0.1
0.1

0.1

21.40
21.40
21.40
21.50

21250
21.50
21.60
21.70
21.70
21.70
21.70
21.70
21.70
21.80
21.30
21.80
21.80
21.80
21.80
21.80

0.6
0.6
0.6
0.5

0.5
0.5
0.4
0.3
0.3
0.3
0.3
0.3
6.3
0.2
0.2
0.2
0.2
0.2
0.2

0.2

80
85
90
95

100
105
110
115
126
125
130
135
140
145

150

20.00
20.40
20.40
21.00

21.20
21.20
21.50
21.50
21.50
21.70
21.70
21,70
21.90
21.90

21.90

2.0
1.6
1.6
1.0

0.8
0.8
0.5
0.5
0.5
0.3
0.3
0.3
0.1
0.1

0.1
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20.80
2u.30

21.00

21.50
21.50
21.50
21.50
21.860
Z21.80

21.86

i.0
6.7
G.7
C.5
0.5
0.5
0.5

0.2

20,20
20.50
21.00
21.10
21.30
21.30
21.40
21,40
21.00
21.60
21.7¢
21.70
21.80

21.80

1.8
1.4
1.0
0.9
6.7
0.7
0.6
0.6
0.4

0‘4

85
90
95
100
1G5

110

2l.20

21.20

21,30

21.50

21.70

21.7¢

0.9

0.8

8.5

0.5

0.3

0.3

Z1.26

21.20

~3
-

~
o}

21.40

21.60

21.60

G.8

6.6

0.6

0.4

21.30

21.46

21.60

:1.60

;/-1.60

Zl.60

0.7

0'7

0.6

0.4

G.4

0.4
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4.2.1

CHAPTER 4

ANATVETS QF RESTLTS

Tntradactory Note

In this Chapter all the valuves obtained frogy; the dnfiltration
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 cm/hr.

All the values presented in theseféables 4.1 to 4.3 were computed
using experimental data given in tables 5.10 - 3.12.

The graphs for all gites are also given using the 'nmormal graphs
and the semi log graphs - See figures 4.1 ~ 4.9.

RESULTé AND DISCUSSIONS
The analysis of the field datas of various experiments from

selected farm sites are presented below.

Analysis of Results

Soil moisture determination and measurement. The following

parameters were obtained frcm the soil analysis carried out on the
i . .
. . & €
field and in the laboratory. ¥

The result of the soil moisture content cf the National Cereals
Rescarch Imstitute farm, Guinness Farms Nigeria P.L.C. and'National
Youth Service Corp farm are presented in Table 3.4 - 3.6.

From the average soil moisture content percentgge 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 f£from the fresh and dry weight of coil samples

an average is obtained for every plot at different depths.

/45, 00t
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Table 4.1:

DATA ANALYSIS OF THE INFILTRATION TEST TAKEN AT THE NATIONAL CEREALS RESEARCH INSTITUTE FARM BADDEGGI

o8
2

10
12
14
16
18
20
22
24
26
28

30

Average

PLOT A (TILLED)
Average

Accumulated

Infiltration Infiltration Depth cm/hr
Timg Depth ce/hr Rate cm/hr

0.00
5.06

4.5
4.13
4.0
3.5
1.76
1.06
1.0
0.93
0.83
0.76
0.76
0.73
0.66

0-63

0.00
151.8

135.0
123.9
120.0
105.0
52.8
31.8
30.0
27.9
2.9
22.8
22.8
21.9
19.8

18.9

0.06

9.56
13.69
17.69
21.19
22.95
24.01
25.01
25.94
26.77
27.53
28.29
29.02
29.68
30.31

Time

10
15
20
25
30
35
40
45
50
55
60
65
70
75

PLOT B (BON-TL.yti)

Average

Average

Accumulated

PLOT C (TRACKS

Ace:

Infiltration Infiltration Depth cm/hr Time Infiltration Infiltration Dep!

Depth cm/hr Rate cm/hr

0.00
8.33

7.00
6.16
5.76
5.50
5.00
4.66
b.4

4.03
3.23
2.83
2.70
2.43
2.3

2'03

0.00
99.96

84.0

73.92
69.12
66.00
60.00
55.92
52.80
48.36
38.76
33.9%6
32.40
29.16
27.60

24.36

8.33
15.33
21.49
27.25
32.15
37.75
42.41
46.81
50.84
54.07
56.90
59.60
62.03
64.33

66.36

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150

Average Average
Depth cw/hr Rate cm/hr
0.00 0.00
4.6 27.6
1.53 9.18
1.36 8.16
1.30 7.80
1.13 6.78
1.06 6.36
0.96 5.76
0.90 5.40
0.80 4.80
0.76 4.56
0.73 4.38
0.50 3.00
0.60 3.00
0.36 2.16
0.36 2.16
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32

36
38
40
42
44

46

50
52
54
36
58
60
62
64

66

70

0.63
0.63

0.60

0.53

0.5

0.46
0.43
0.4

0.36
0.33
0.30
0.26
0.26
0.23
0.20
0.20
0.20
0.20
0.20

0.20

18.9

18.9

18.0 -

15.9

15.0.

13.8
12.9
12.0
10.8
9.9
9.0
7.8
7.8
6.9
6.0
6.0
6.0
6.0
6.0

6.0

30.94
31.57
32.17
32.70
33.20
33.66
34.09
34.49
34.85
35.18
35.48
35.74
36.900
36.23
36.43
36.63
36.83
37.03
37.23
37.43

80
85
90
95

100

105
110
115
120
125
130
135
140
145

150

1.8

1.53"
1.4
1.0

0.9
0.83
0.63
0.60
0.53
0.40
0.40
0.36
0.2

0.16

0.16

e

21.60

16.80
12.00

10.80

9.96

7.56

7.20
6.36
4.80
4.80
4.32
2.40
1.92

1.92

68.16
9.16
71.09
72.09

72.99

73.82

74,45

75.05
75.58
75.98
76.38
76.74
76.94
77.10

77.26

!‘60-.-



Table 4.1.1: ITERATED VALUES OF IRFILYRATION FOR N.C.R.I.

PLOT A(TILLED) PLOT C (TRACKS)
TIME Average Average Accumulated TIME Average Average Accusulated
Infiltration Infiltration Infiltyation Infiltration Infiltration Infiltration
Depth cm/hr Rate cm/hr Depth cm/hr Depth cm/hr Rate cm/hr Depth ca/hr
0 0 0 0
5 11.4} 136.92 11.42 0 0 0 0
10 $5.78 117.36 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 13.48 32.27 40 0.65 7.80 8.79
50 0.89 10.68 33.16 45 0.57 6.84 9.36
55 0.56 6.72 38.72 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
70 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
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105
110
115
120
125
130
135
140
145

150

0.38
0.38
0.25
0.25
0.00
0.00
0.18
0.18
0.00

0.00

4.56
4.56
3.00
3.00
0.00
0.00
2.16
2.16
0.00

0.00

14.78
16.16
15.41
15.66
15.66
15.66
15.84
16.02
16.02

16.02

AT ...
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S8able 4.28 DATA ANALYSIS OF THE INFILTRATION TEST TAKEN AT THE NATIONAL YOUTH SERVICE CORP FARM GARATU

PLOT A (TILLED) PLOT 2 (NONTILLED) PLOT C (TRACK)
L T;KE Average Average Accumulated Average Average Accumulated Averagse Average Acs
: Infiltration Infiltration Depth cw/hr Time Infiltration Infiltration Depth cm/hr Time Infiltration Infiltration Dej
Depth cm/hr Rate ca/br Depth ca/hr Rate cm/hr Depth cm/hr Rate cm/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
A0 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
70 0.6 3.6 10.77 70 0.6 3.6 7.41 70 0.7 6.20
80 0.53 3.18 11.30 80 0.46 2.76 7.87 80 0.56 3.36
90 0.3 1.8 11.60 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 13.993 140 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



Table 4.3: GUIRNESS FARM NIGERIA PLC KUDU FIELD ANALYSIS

-/ PLOT A (TILLED) PLOT B (USTILLED) PLOT C (TRACKS)
a,hf: Average Average Accomulated Average S Averant Accumulated Y- Average Avwerage Accu
o Infiltration Infiltration Depth(cm/hr) Time Infiltration Istii:raixr 5 1 cm/hr Time Omféltration Infiltration Dept
}dlua Depth cwm/hr Rate cm/hr Depth cm/br Rate cm/hr Dapth cm/hr Rate cm/hr

0 0.00 0.00 0.00 0 0.00 0.00 0.00 0 0.00 0.00

5 5.43 65.16 5.43 5 3.56 §2.72 3.56 5 2.46 29.52

10 4.43 53.16 9.86 10 3.26 39.16 6.82 10 1.66 19.92

15 3.86 46.32 13.72 15 2.96 35.52 9.78 15 1.43 17.16

20 3.43 41.16 17.75 20 2.73 32.76 12.51 20 1.36 16.63

25 3.03 36.36 20.18 25 2.53 30.36 15.04 25 1.23 14.76

30 2.73 32.76 22.91 30 2.33 27.96 17.37 30 1.20 14.40

335 2.43 29.16 25.34 35 2,16 25.92 19.33 35 1.13 13.56 ]
40 | 2.10 25.20 27.44 40 2.00 24.00 21.53 40 1.10 13.20 ]
45 ;! 2.03 24,36 29.47 45 1.83 21.96 23.36 45 0.96 11.52 ]
50 f 1.80 21.60 31.27 50 1.66 19.92 25.02 50 0.96 11.52

555 ‘: 1.70 20.40 32.97 55 1.53 18.36 26.55 55 0.86 10.32

60 f' 1.40 16.80 34.37 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
7Zﬁ?f 1.10 13.20 36.77 70 1.16 13.92 30.30 70 0.76 9.12

i#: 1.03 12.36 37.80 75 1.06 12.72 31.36 75 0.70 8.40

8  0.93 11.16 38.73 80 0.96 11.52 32.32 80 0.66 7.92

83*‘ 0.80 9.60 39.53 85 0.90 10.80 33.38 85 0.63 7.56

90/ 0.80 9.60 40.33 90 0.83 9.96 34.11 90 0.60 7.20

:Z( 0.70 8.40 41.03 95 0.80 9.60 34.91 95 0.60 7.20
10 0.60 7.20 41.03 100 0.73 8.76 35.64 100 0.83 6.89
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105
110
115
120
125
130
135
140
145
150

0.56
0.46
0.43
0.43
0.36
0.33
0.30
0.26
0.23
0.23

6.72
5.52
5.16
5.18
4.32
3.96
3.60
3.12
2.76

2.76

42.19
42.65
43.08

43.51

43.87
44.20
44.50
44.76
44.99
45.22

105
110
115
120
125
130
135
140
145
150

0.70
0.63
0.60
0.56
0.53
0.50
0.50
0.50
0.43

0.43

R.40
7.56
7.20
6.72
6.36
6.00
6.00
6.00
5.16
5.16

36.34
J0.97
37.57
38.13
38.66
39.16
39.69
40.19
40.62
41.05

105
110
115
120
125
130
135
140
145
150

0.50
0.50
0.50
0.43
0.40
0.40
0 40
0.40
0.40

0.40

J49.....

6.00
6.00
6.00
5.20
4.80
4.80
4.80
4.80
4.80

4.80
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The average Bulk density obtained increases with decrease in the
average moleture percantage. The average porosity is observed to

incroace as the bulk density decrzases,

The porogity of N.Y.8.C. farm 1ie¢ greater thar that of R

and Guinness thls i because of the high percentage of clay p

‘C.R.I

resent

in the ».¥.5.C. farm soli but ic¢ was zis0o observed that the bulk

density oi the N.7.5.C. farms 1is the iowes:,

4.2.2 Soil Charucterlistic ceustant X

The soil characrericstic censternt ({3 of the three farms of
are determinad as f{ollcws - S22 Table 4.1.
TABLE 4.1 The values of K for the tilied,

untilled and compacted fizlds

SR -

Plot : N.C.R.I. i Gulrness @ N. Y. 8. C.

TILLED 3.50 : 1.35 : 1.33
UNTILLED 1.32
COMPACTED : 0.73 : 0.48 : 1.13

.
.
N
«
ot
.
]
:

- - .
. . .
- —— Pu—— -

study

The ssmples of the calculations of this results above is given

in Appendix C.

4.2,3 Infiltration depth rate equation (f)

$ Y P Fe .
i Ll e

The dniiltration rate ecquation Jfor zach =

[6]
#2

conditions are given as rellows. From the Hortor's equation

R -Kt
fc + {fo - £c)e k .

TABLE (4.2) INFILTRATION RATE EQUATIONS

C.C.R.I : GUINNESS : N.¥Y.S5.C.

PLOT

Yy

s
e

SR NS NEET
s e ;=L 04EY o

TILLED : F=6.0+245.8 9-3'5t: F=22,76062

~1.32t 13t

-1
; §=0.6+11.8e ~°°
-1.13¢c

. -0.93¢
e

UNTILLED : £=1.92+98.0 e

~0.73t

-
»
»
.

o

-0.65¢t

COMPACTED: £=2.16+25.4e f=4.80+24.7e s F=1,0470.5%

s e

4.2.4 CUMMULATIVE INFILTRATIONM DEPTH RATE EQUATION

The equation f£or the aswypmlacive infiltration depth of each

.

= ~m4 eail coaditions arn given as [ollows:
1y

gtataed

¥ =
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TABLE (4.3) CIMMULATIVE “MPLLUTTATION DEPTH EQUATIONS

Soil Con~

dition N.C.R.I.

tass we
wees o4
a8 e

CUINNESS N.Y.S5.C.

“3.50t, 0 .- ~.35¢, -.23¢

JF=2 760+45,2 1~

-1.32t,

TILLED : P=6.0t+41.6(1~2 P=0,6t+16.5[i-2

Ta5 1644067100 938 pop 640, 8110

I: Fo4.800435 .41 0088

UNTILLED :F=1.9204+74,%{1-n -l'th]

COMPACTED :F=2.16+34.&7 1.0~ 0+73¢

[ - .
. * “

1 P=1.00.401-0" 0 138

4.2.5 OTHER PARAMITERS

4.2.6 Other parameters obteined f£rom Lhe anaiysis
The table bheiow shows the values 0@ gome parametere used in deriving

the £ and ¥ equation - See table 4.2 and 4.3.

PLOT N.C.R.I. GUINHLESS N.Y.5.0,

: Time

..

-

fe . Tiwe s s0
2,76 . 150 : 2/.56: 0.6
5.6 ¢ 150 ¢ 12.36: 0.6
4.80 ; 150 : 11.58: 1.0

: (Min)
TILLED ¢ 70 : 151.8: 6.0 : 150 :
UNTILLED : 150 99.96: 1.92 @ 150 :
COMPACTED : 150 £7.60: 2.16 ¢ 150 :

fo + fe 1 time : c

.
1y
o]
(L)

La 1)

o
L
»

-
o

o~
b

~d
fav]

.-

o]
O
wn
~N
PrS

4.3 DISCUSSIONS OF RESULTS

In the discussions of the rasults, the follewing lirirations wmust be
obgerved:
1. The moisture test was carrizd out at 2 dapnth of O -~ 1cm,

15 ~ 30em and 30 - 45cr.

2. The volume of the sample cup used is 280.9?cm3.

3. A double ring irfiltrometer of 30em Iruevy diamacar snd 60cm
outer diameter was locally censtructad rd uwsed with
thicknaess of 0.15cn.

4. The time of vedilling the iuner gnd outer <viinder aftsy severy
reading varies with about 2 seconds.

5. Depth of installation of the cylinders at diffarent sites
varies but it is assumed that ths experiumcata uive sudbieavsd
to the same couditions for all plocs.

6. The so0il moisture, texture and othor propuriies wvaries at

iifferent ploils under cifierent corditicne.



7. The condition of cthe soil vary due to the history and cultural

practices on the soil,
8. The ealibyaticos could wot ke derne due to the fact that a
ccendard infiltronecer could reor  be  secured for the

experimenl.

C
"
o
ta
<
i
b
e
-
-
el
ol
>
=
o
4
v
ey
]
1D
[$]
[ad
[ g
¥
?

The limitatiocus menticusd
results of tne 2uperiments cbiralaed,
The results ushowed that the L.{ilv-aticn rate ic higher in
kg *

tilled soil thrn the non-lilied seil ¢r compacted tractor tracks

1nss mature of the £3lled codl

soils. Thie is attriduted to he

and void sgpaces bzen creetad, the uwidisturbed nature of selld in
the untilled soil and the ILncreassd ¢cil 7rsusth fn 2ompacted
seil.,

This will affeet the weater that will Infiltrate icts the soil
at & given time. The rate of runoff will be high in soil of low
infiltration and hence proper draianage is uzeded to curtail water
logging probiem.

Tho graphas of average iInfiltretior rere versus ponding time
for the three gites at diiferent conditiors have their »oints
scattered. A curved clope is obtained ie thisz graph. From this
graph it 1is observed that the gcattered point 1is due to the
difference in the soll Bulk dens:ity porosity and moisture, The
graph representing Guinness has the highest inliltracion rate,
The graph of ¥.Y.5.80. has the lowest infiltration rate - See VFig
(4.1 - 4.3)

The values of the graphs Zor the tilled seonl 1z higher thea
that of non-tilled sad camnactad soil.

The graphs of the Infiltration rate versus accurmulated depth
for the sites have the same patiern but diffcrent valuas. This

s due £n the difference in moisture percentage bulk deasity and

pn

the different taxture of sgoil. The physical properities and

chenical properties of the soil also varies.
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The

points of the graph are scattered but the points falling on
the best straight line is plotted.
The indiltration rare and accummulated depth of Guinness 4:c the

highest with thet of N.Y.5.C. being the lowes:.

The high clay percentage of N.Y.5.C. farm maker the

low in this farm. The infiltrztior rate isg

non-tilled and compacte

The sexi log gravh of log I versus pordirg iime hags

infiltration rate

higher cn tilled soil than

>

cattered points

too. The points alowpyg the best styaight lins {5 ploti:d for this graphs.

The ponding tiwe ror the tilled plat 1o -at the zame du2 te che
different mointure of cthe sgo0il bulk,density 2ad peiwsity. Log I is
higher in Baddeggi than tilled plots but the time iz low this ie due
to the initiel high rate of infiltration comparad tve the cther faem
plots.

The non-tiliedé plot graph has the highest log - in Suinness this Is
due to the szandy nature ¢f Guinness soil.

For the comvacted soll fox all picvts, the values o0f the lagi srd tipe

is closely reizted. This 1is due to the efrect of

plots. Although there is higher initial value of log

farm thie {3 due 5 the low infiltrztior nature ¢f ¢

less effect of machine compaction in oh! .

COTD

he

action o1 wll the
£ in the XN.Y.S.C.

/53....
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CHAPTER 5

CONCLUSTON AND RECOMMENDATION

CONCLUSION

From the result obtained so far, the followingigﬁgnclusions were

drawn:

i) The dinfiltration charateristic equations were 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 considﬁr . these equations, before
implementing the design. Soil chagécteristic 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 thz results obtained
the different charactefs of soils under differe -~ ccnditions has
given an idea of what ome will expect 1f an irrigation system is

introduced on these sites. a0 %

From the N.C.R.I. farm, it can be observed <that under any
condition, a minimum dinfiltration depth of about 5cm 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 8cm 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 forx

this sites therate of water discharge/percolation on these sites

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

et bt mem vrm A man  amTvAramatt am A A amvarandt viimmoF o+
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RECOMMENDATION

The compacted areas in the field should be reduced to the minimum
area due to its negative effect dinfiltration 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 péths for machine movement to guide against
random movement of machine on thefield.
- The wuse of very heavy machines should be reduced and

appropriate machine . should be wused for the best suited

operation.

&

Ao
- Since the effect of compaction is adversé 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 management allowable deficiency for different crops
to be grown. This is due to the fact that dinfiltration rate 1is
higher in tilled soil.

For the N.Y.S.C. farm, deep tillage is required because of the
nature of the soil and the low infiltration rate.

A system 1like 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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APPENDIX A
Formulae used in the computation of parameters
(a) Horton's equation (1940)

=1
£ fc t (fo - fc)e «t Ceenes e aeeaeas (L

]

Where f = Infiltration capaclty or the maxlmum rate at which

solt under a given conditlon can take water through
-1
its surface (LT 7)
fc = The constant infiltration capacity as t approaches

infinity.

fo = Infiltration capacity at the onsct of infiltration

k = A positive constant for a given soil and initial
condition.

t = Time

(b) 1Infiltration rate equation from f = fc + (fo - fc)e-kt

(1)

Finding log on both sides

-

£ = fc+ (fo - fo)e °F
~ ~kt
Log £ = Logfc + Log (fo - fc) + Log e
- . -kt #
Log f = Log [fec (fo)] + Log e A
fe '
log £ = Log fo + Log e_kt

= Log fo - K.t log e

Log £ = Log fo = K LOE Cul  tinvevnnernnnsans tanassnenans (2)

Slope = m = - k log e cees ceee .. (3)
Intercept = ¢ = log fo
y axis = t

Slope m = y2 - vyl (Difference along y axis) ..

x2 - x1 (Difference aloung x axis)t



/o (c)

e
It
[SIPCN
O et

v

(d)

(e)

(£)

o

_§6_

Accummulated infiltration Equation

Fo= T fa

fe + (fo - fo)e % 4t .

A

Fe dt + Jng (fo - fc)e—kt atc
= fct + (fo - fc) [-lE;kt]t
T o
_ -kt °
= fct + fo - fc.[~e + e?] ceeerce  eeees . (5a)
fo - fc = a
= fet + g_[—e—kt + e®]
k
= fet + a [1- e_kE + e°]
k
= fet+a [l - e—kt] :
kil .5 IR (5b)
Gravimetric water content percentage equation
Qg = Mw x 100
Ms (%) ceetencatee  ieeeas (6)
Qg = Gravimetric water content percentage
Mw = Weight of water minus weight of can
Ms = Weight of soilbafter oven drying minus weight of can
Bulk density equation
B.d (Db) Ms 3
v (g/em™) cienennn ceeeee e (7)
Ms = Weight of soil after oven drying
v = volume of sample core = IIrzh
B.d (Db) = Bulk density dry base
Total powosity equation
Tp = 1 -~ B.d (Db) x 100 3 ,
D.p (g/em™) voeenn. ceve (8)
Tp = Total porosity %

B.d (Db) Bulk Density dry base (g/cm3)

Particlékdensity is 2.65 (g.cm3)

/67 ...,
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Other formula

for the gravimetric test

(1)

Moisture = {Wet
difference

(11) Average Depth =

cimn .

(111) Average

(iv)
depth c¢m

Moisture difference

Accummulated infiltration

Weighe OfF ey

goll ~ weight of

base weight of

Soil cample - weight
of can Wt
R

Sum of all the depth replications
Number of repllcations

0 e e s o e =

Rate (ém/hr) = Average depth x 60

Time difference f[interval

o

Addition of initial depth and

the present reading

iR



APPLNDIX B

Samples of calculations of parameters

Appendix 3B 1

(i)  Gravimetric water content percentage
For the omne replicates‘of 0 - 1l5cm depth of the Natlonal
Cercals Rescarch Instltute Plor A

Qp = Mw x 100

Ms
Parameter are as fined in AppendiX:A

469.05 - 0.45 x 100
460.72 - Q.45

= 498.60 - 460.27 x 100
460.27

= 38.33 x 100

460.67
= 8.32 %
(i1) Bulk Density

Bd (Db) = Ms
v .
R
&

This calculation shows the bulk densiiy for the 0 - 15cm
depth of Plot A, first sample at N.C.R.I.

B;d (Db)

fl
~
o))
o
.
N
~

1.63 g/cm3

Where Volume = v .= 1II x r2 x h
= 11 x 3.52 x 7.3
= 280.97 cm2

Total Porosity

(11id) Total porosity for the first sample of Plot A experiment

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

= 38.49 ,,(x{§m3)
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APPENDIX B 2

Calculation pertaining to other equations

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

1)

ii)

iii)

iv)

V)

All calculations in this section will be with respect to the

Moisture differznce = 548.35 - 0.45 wet soil - can

512.43 - 0.45 dry soil - can

547.90 - 511.98 = 36.32 gram

Moisture content percentage

Moisture Difference x 100

Dry Weight

Average Depth

Average depth

Accummulated infiltration

Slope

1

w

w

+

~ apn
Lo

+

w

w

5.43 Gm

5.43 x 60

65.16 cm/hr

[

0.00 +5.43

5.43 + 4.43

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

M= - 51667

1

- 0.5769

Infiltration rate for the 10 minutes of infiltration on Plot A

of N.Y.S.C. farm

£ =

-k
fe + (fo - fco)e

t

from eauation

f =

at 10 minutes

n

i

tHh
I

0.6 + 21.96 e
0.6 +21.%6 . 2.72

0.60.for 10 minutes

L

0.6 + (22.56 — 0.6)e L33t

-1.33 x 10

-13.3

. of . infiltration

(
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Accummulated irSiltration . for . Plot A at 10 minutes

—

I =

from

-kt,

fet + fo - fc [1 - e ]

At 10 minutes of infiltration

F

s -
4
L

2

-1.33 . lO]

- 16.51 [0.99999834]

2.51

Interpolation

YD

X1

Xb

]

Cx

ade

"he
the

the

the

Example of

X1

X2

YD

YD

]

2

8

D -X2) + (X1 -X2) x (Y1 - Y2) + Y2

increment of the table above the desired value

reading in table for X1

increment of the table below the desired value.

reading in the table for X2

number at which the desired reading is found.

the Baddeggi Plot A Iteration
Yl = 5.06 X = 5

Y2 = 17.69

(XD - X2) + (X1 - X2) x (Y1 - ¥2) + Y2

(5

-8 = (2 -28) x (5.86 - 17.69) + 17.69
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APPENDIX C
Determination of the value of k for Plot A
From the graph slope m = - k log e m = - 0.4330 k
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
M8 - 0.4330 k

~ 0.5838 = - 0.4330

-~
It
o
w
0
w
(o2

0.4330 0 1.3483 = 1.35

For N.Y.S.C.

=
I

0.4330 k

- 0.5769 = - 0.4330 k

~
it
o
w
~!
o
O

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 =~ 1.32

For Guinness

M= - 0.4330 k
- 0.4022 = - 0.4330 k
k = 0.4022
0.4330 = 0.9289 =~ 0.93

For N.S.Y.C. ;7 &

M = - 0.4330 k
- 0.5227 = - 0.4330 k
K = 0.5227

=1.2072 = 1.21
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" Determination of the value of k for Plot C
For N.C.R.I.

M= - 0.4330 k

i

- 0.3147 = = 0.4330 k

K= 0.2047

ot e e ¢ et

0.433C = C

>
Y
ro
N
o
1)

\
o
~J

Tor Guinncss

M= - 0.4330 k

il

~ 0.2956 = - 0.4330 k

K

0.2956

0.4330 = 0.6827 =< 0.08

For N.Y.S.C.

H

M= - 0.4330 k

- 0.4912 = - 0.4330 k

K

fl
(]
5~
O
jun
N

0.4330 = 1.1344 = 1.13
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GUINNESS FARMS KUDU

RATNFALL MEASUREMENT RECORD FROM THE METROLOGY OFFICE

Y L

RAIN FALL DATA FOR GUINNESS FARM FROM 1690 - 1994

1] - . .
MONTH 1990 - 1991 4~ 1992 <& 1993 L 1994

J Jamnuary 2 0.00 Y 0.00 f  0.00 Y 0.06 ¢  0.00
: February :  6.00 :  0.00 .  0.00 .  0.00 .  0.00
¢ March - 0.00 R 30.20

.; 0.00 1 36.30 1 0.00

T April . 19.00 . 45.00 . 36.30 ., 28.00 ., 63.00
} May ©201.00 ¢ 286.00 G 29.10  166.26 ° 116.00
. June . 113.00 . 191.00 . 99,80 . 123.10 . 193.00
P July 281,00 F 123.4 P 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 G 158.00
. October . 60.00 . 40.00 . 17.00 . 51.00 . 219.00
‘ November 0.00 ¢ 0.00 * 0.00 0.00 ¢ .00
. Deember .  0.00 .  0.00 .  8.00 .  0.00 . 0.0

.
R

FrRONY GUINNESS A GRaowNomYy BAEPARTMENT

NATIONAL CEREALS RESEARCH INSTITUTE EADDEGGI
RAINFALL MEASUREMENT (mm) RECORD FROM THE METROLOGY OFFICE
RAINFALL DATA FOR N.C.R.T. TARM FROM 1990 - 1994

MONTH % 1990 : 1991 : 1992 : 1993 : 1994

. Jamuary i 0.00 .  0.00 .  0.00 0.00 .00
‘ Pebruary ° 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 1 8.90 ' 38.90
. May . 101.90 : 109.70 . 136.60 . 154.70 . 171.90
' June ©145.60 Y 113.40 7 133.90  ° 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
. September : 105.60 . 187.80 : 216.00 . 240.40 . 194.00
 October ' 41.40 ¢ 107.30 ° 31.50 ° 152.80 ' 102.10
. November :  0.00 :  0.00 :  ©0.00 :  0.00 ;
‘ December ‘  0.00 *  0.00 ° 6.00 ° 0.00 ‘' = 0.00

(@}
<
<

FRom nN-c-R-I AqRoNomY DEPARTMENT.



_ , | o ‘..m..;._,._..__._...,_rm,>ooc>£mnm m>oro9 BIDA

% 115000

o
) : '»,V
; ) i
2 =
/..I
© e -
IR ARA RS ﬂrnln. Al
| tjpt i ?nmrn wn:nm
__..
. LY
|
. , i
3
:

~~ el . Teom NR.I Aumowomy BEPARTmEN] | "

AT . T LH.J




