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ABSTRACT

The study was cartied out to deterunne the effect of rainfall pattern on rice —

„„, i„ the soil like hydraulic conductivity, motstureproperties, that affect water movement mthe
i • a The result of the soil analysis, showed thatcontent and infiltration rate were determmed. The result

the soil w sandy loam. The result oht^ned from the study, revealed that an-
(seas0Ml) ,nfa» has no direct effect on the yteld of crops, hut what affects the , o
mps is the monthly ramfall d,—, The study .so compared th«, y,e,d ,
l„t of water used dunng the P,ant,„g season of hoth year, The year « »
average M ramfall ofC-)«**-"* season of maize, w,h ay^
of ,3* wnile year 2OoI had an average month, ra- of,,-- •*-£*

,000 had an average monthly rainfall of 270mm w.th a075 tma. Rice planted myear 2000 had an ave g

y,eld of 0.42 „ha. Vaoahility ofr-l, poor drainage, d,sturhance from livestock were
Lma)0r prohlems a— to the change m,e, Possihle solution to these prohlems
were recommended.

XI



CHAPTER ONE

INTRODUCTION

{ 1.1 Background

1 The knowledge of soil - water - plant relationship has helped in understanding the
i

* factors and forces, which govern, water availability to plants.

1
\
3

1 In an environment known by low and high variable rainfall, air temperature and high

j evaporation demand, the soils are poorly structured, while scarce rainfall is one of the
J principal limitations. To increase productivity, the distribution of water within the soil
\ profile and the proportion remains in the root zone for plant to utilize appears to be a
J more crucial limitation than the total rainfall. In such an environment, an understanding
I of the water uses and movement is particularly important to rotational management

strategies and to be formulated to quantify the soil water movement.
'I

The movement of water into and within the soil, moisture storage of the soil and the

availability of soil moisture to plant are directly or indirectly related to the size and the
distribution of soil pores and the attraction between the solid particles and moisture.

(Ezedinmaet. aL1988)

The ability of plants to remove water from the soil is primarily a function of soil
moisture tension and not just the water content. It is the soil moisture tension and not the

water content that indicates when to irrigate. Soil moisture tension, is the measure of the

tenacity with which water is held on to by the soil particles.

1
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At any given point « time, on.y alittle potion of so,, water Hes in the immediate
neighborhood of absorptive surfaces of plan, root systems. Moreover, alarge amount of
water is needed to offset transportation when growing crops. The capillary movement of
sod water to plan, root and the growth of roots in,o mois, soils, are the two phenomena
which account for the collection of water. Doovenbos,(1977).

The upward movement of ground water by capillarity from the water table into the root
zone can be amajor source of water for plant growth and maturity. To be most effecuve
without serious restricting growth, ground water should be near bu, below the depth from
which the major portion of the plan, are extracted. If ground water is too near the surface,
,he land abi.ity to economic* produce most crops becomes almost ntl. M,hony,(,986),

Anumber of crops are being grown under nriga.ion in ,he court* a, the moment, bu,
wha, is of more importance is the availabmty of mo.sture content in the soil at the
various growth stages of various crops in the coun,ry. This information is necessary for
the supply of wa,er a, the appropriate time and amount, in order to .void serious
reduction in crop yield, especially under conditions of limited water supply. One of the
praoicabie methods of measurmg the avai.ab.e moisture content in the soil is by us,ng a
,e„s,ome,e, 1, is one of ,he many ways of determining the depletion of soil moisture

content.
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1.2 Objectives Of The Study.

To determine the effect ofthe pattern .of rainfall on rice and maize yield ;

1.3 Scope and Limitation of Study

The study^s limited to the amount ofwater available in the root zone ofthe plant. ^~

Over the years the experimental plot has been used continuously for experiments, and the
soil nutrient status has never been analyzed to determine the nutrient depletion.



I

CHAPTER TWO

LITERATURE REVIEW.

2.1 Geological Formation

The geology of Niger State is divided into two distinct geological zones. The basement
complex and the Nupe sand stone. The dividing line runs in an approximately straight
line N:W: - S:Eorientation from south of Kontagora to north of Lapai. The other
significant, but much smaller zone is the area alluvium, which is mainly found along the
lower rivers ofthe Kaduna and Gboko rivers, as they flow over the Nupe sandstone zone

along the river Niger.

Federal University of Technology, Minna, Niger State where this study was carried out,
falls within the climate zone of the country generally referred to as the "middle belt". For
purpose of clarity, the "middle belt" zone of Nigeria is an area in Nigeria, in which over
aperiod of ayear, 50% or more of all the year have dry season of4to 5month duration

1 (Pollen, 1962).

2.2 Soil Physical Properties

Soil which is acomplex system must be in good physical condition to support plant

growth. It must have the right proportion ofair, water and solid particles.

Various physical forces interact in the development ofthe soil, and the result renders
characteristics properties to soil which can be described in physical terms. These
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« inclement moves in different soils.(Ezedinma et aL1988).
1

•a

properties have considerable impact on anchorage, root penetration, aeration movement
and retention of mo.sture, availability of plant nutrient, chemical and biological

characteristic ofthe soil.

Soil that is expected to support plan, life must; be will aerated, retain moisture to some
i„ degree and permit the right amount of rain water or irrigation water to get into

the soil. These properties also determine the relative ease with which an agricultural

implement moves in

! 2.2.1 Soil Texture

Soil texture is the fineness or coarseness of the minera! particle of soil. 1. is the relative
proportion ofthe various sizes of mineral particles present in asample of soil. Depending
on the basis of the combination of all the particles in the soil, texture can be described as

dy, clayey and loam. (Ona zi et abl988).

i

sane

Sandy so,l includes soils in which the sand particles /aggregates make up 70% or more
ofthe material by wetght. It ,s generally coarse grained, loose, gritty and well aerated. I.
i, well drained but capillarity is low due to large ind.vMua. non - capillary pores. It heats
up readily during asunny day and cools down quickly during the night. Since heat
destroys soil -micro -organisms, which play agreat role in humus accumulation, it has
low nutrient content and poor chemical properties.

Silt consist mainly of very smaU quartz. Each particle has alarge surface area. It ,s
smooth and powdery. When water is apphed to sihy soil, the air trapped i„ the pores wil.
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prevent it'front moving freely into the sub soil, so moisture remains available in the
topsoil. The higher the amount of silt in the soil, the greater the amount of water
availableto plants.

Clay particles have alarge surface area and ahigh power of water holding capacity. So,,
rich in clay are gene,ally very sticky, and when they are wet, the, ate no, easHy
permeable ,o water. They contain very little air due to the very narrow captllaty pores,
which reduce drainage and encourage capillary uptake and water retention. Cays have
good chemical properties and bad physical properties. The higher the amount of clay in a
soil, the less ,he amoun, of water available to plan, soil texture can be determined by
i. Feel method

ii. Laboratory method

2.2.2 Soil Structure

The term soil structure refers to the arrangement of so,! into natural aggregates. Structure

comprises:

i. The shape and arrangement ofthe structural unit,

ii. Size

Decree ofdevelopment, distinctness and durability.
111.

Sand, silt and clay particle, are ,ypica„y arranged into secondary particles called peds or
oates. The shape and size ofthe peds determine the soil structure.

aggre,



Soil organic matter
plays amajor role in soil aggeration.

leases soil aeration and water holding capacity. Aloose,
easier to cultivate than heavy compost soil. (Bradfield (1936)

The best structure is that which

friable, freely draining soil is

22 3 Soil Bulk Density
bulk density is defined as the mass or weight of a unit

volume ofdry soil. The

^^^ "" . A . res»lt is synonymous with particle density (mg/m
volume includes both "solids and pores . It .s syno y
org/cm3>(Holmesetal,1980).BuikdenSityisexPressedas

Bulk density -^vdg^f^
volume of soil (solid +pores)

When expressed in terms of solid particle density
Particle density = y^ti^^T

volume of soil solids

•2.1

-2.2

2.2,4 Porosity

Porosity is defined as the ratio of the pores to

relative volume pores, and is influenced by the

the total soil volume. It is an index of the

textural and structural characteristics ofthe

soil.



2.2.5 Infiltration

This is the process by which part of the precipitation enters the subsurface. During a
voids in the soil and fill them to saturation under sufficient

the underground reservoir. The rate
rainstorm, water particles enter

rainy condition and water particles move freely to join
the ground is known as Infiltration. (Manzumber ,1980)

atwhich water percolates into the gr

2.2.6 Percolation

Percolation is the downward movement
of water through saturated or nearly saturated soil

,. Percolation rate is synonymous with infiltration rate
in response to the force of gravity.

with the quali,a,ive provision of saturaled or nearly satura,ed conditions.

2.3 Moisture Content

that may be evaporated from soil by oven
The term "soil moisture" refers to that water

drying between 100«C and 110?Cuntil there is no further weight loss (Gardner, 1958).

There are various
methods of estimating soil moisture content and they include:

1.

2.

3.

4.

5.

6.

Gravimetric method.

Tensinelers

Pressure membrane and pressure plate method.

Neutron probe method.

Using electrical properties of porous block

Appearance and feel method.



For
the purpose of this study, the gravimetric method would be used. Moisture content

can

1980).

be calculated by expressing it as apercentage
of dry weight as given below (Marshal,

Md = Ww-Wd_ x 100

Wd

Md = Moisture content of the sample(%)

Ww = Mass ofwet soil (g)

Wd = Mass ofdry soil (g)

-2.3

2 3 1Field Capacity.

This is the mo,s,ure content after drainage or gravitational water has become slow, and

which water drain freely under the influence of gravity. This situation exists one to three
days after the soil has been thoroughly wetted by rain or irrigation.

232Permanent Wilting Point.

The permanent wilting point ,s the sod mo.sture content a, which plant can no longer
obtain enough moisture to meet transpiration requirements; and remains wilted u„t,l
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24 **-*^ .edi„tteearthisconstantandcan„eitherbeincreased
The total amount of water coined ^ ^

„,, The endless circulation of water between in
or decreased. The enmes availability of

, i„ the existence of the living being. However,
»he mos, important role mthe as

trfor the use of man is dependent on the earth's unendmg mature cy
" • , of gigantic distillation sys,em operating in and onthe Hydrologic Cycle, ft composes ol gtgant

, ,,r bodies ofthe earth and in the atmospheie surrounding
*,a"4 ^" , ,s cons,a„t, circulating between land, ocean and

, r +i-f> sun Moisture is constantlyderived from ,he sun. M rf ^
, The cycle has neither a begmmng nor an end.am0SP ,, lhewateroftheoceans,s,ncettho,dsthebU,kofwaterof

Mrolog,ca,cyclebeg,nsw,thtbewatero ^ ^ ^
the planet. nation from the sun evaporates water

,„our rises and collects in the atmosphere to form
vapour. The water vapour .,• f „,s,,,re from the oceans to the land is influenced by the wi
circulation of moisture trom ,iffrrence and other

, •M-nmhv of the continent, temperature diffcencepressure difference, phys,og,aphy• nditions ,he clouds moisture condenses and falls back
factors. Under certain conditions,

earth as precipitations.

„„,, hv the vegetation, with the, , ni,ariv all is intercepted by me vcbOf ,he gross precipi,a„on on land, nearly

— «**"* °',t0 " SOa' """ soil Water retained bya„o branches, dnps from the ,eaves or runs down ,he s,em ,0 the so,.
• nHk referred to as interception loss,

leaves-is lost by evaporation and is referred

, oil the difference between that soaking in and that running
Of the rain that reaches the soil, the ^

r erun off or overland flow. The movement ol watei into
off comprises surface tun oil 01 o

10



Or the ran, that reaches the soil, the difference between that so^g-- - «-•surfaceruno.orov.landflow.Themovementofwaterhttothesodfrom
off comprises

above is called infiltration

steady rate of flow or percolat

interflow also occurs

u i ;« thoroughly wet down to the water table, aWhen the soil is tnorougniy w

JOn to the ground is maintained. Subsurface lateral flow or
through soils on slopes or when

vertical flow through the subsoil is

•u ♦ ♦« stream flow from the catchment, as does the• a*a Interflow eventually contributes to stream Howimpeded. interflow Mhu.^ Surface runoffmakes amuch less^eralflowofgroundwatcwhrchrscailedbaseflo

(1987)

KECipSatwi

i m, w Stanlev Davies and Roger 1966.Source :Hydrogeology by Stanley, v*

Figure 2.0: Hydrologk Cycle

11



,4,^^ wutfable ram&, Rai„fa„ is no,
!nthes,mp,e,se„se,eft,c,,vera,„tal.- UsreceivedSomeof

, u-i camp mav even be destructive
•Ar,uUr wasted while some may *

— S° *" tte am°U tedpar,s„eed,obeconveyedo„emovedspeed„y.and suppl-ed,o,he user; *e unwanled parts n

K interpreted d,fferently no, only by specialist in
The term effective rainfall has been mterpiet ^ ^

, s,different works in the same field. But ou
different tields, but also by ^ ^ a5

f thp Agriculturist. The Agncuuwthc interpretation of the A. ^ ^ ^ surface
ef tnl rainfall which directly satisfies crop water

runoff which can be used for crop pi. ^ ^ot we,, He also considers that water winch moves onto, the tie
pe,-co,atio„beyo„d,,,e,oo,Mneofhiscrops,i.*c,ive.

♦ of crops the Food and Agricultural
• t of view of water requirement of crops,From the point of vrew ^ ^ ^^

• , of the United Nations (Dastane.1974) deuncorganisation ol the un . .g use&jl>
♦i n»rt of the total annual or seasonal rainlall

effective rainfall, as the part ft
i ,*;«« at the site where it tails, dui w

~* ' ^ fW CV0P ^ I or dry vegeration, that, lost by evaporation
-*"^ WatCT 10 I eva ora„anspora„o„ during grow,h, ,ha,

•i -fw the precipitation lost by evauufrom the soil surface, the pi P operatlon

• nr after sowing without any harm yeither before sowing oi after

principal crops.

12
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\
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•M is suggested fo, use in planning and operation of
m of effective rainfall is sugg^The above concept of in ariven year should be planned to

•ri,„ irrigation water supply in a give jnation protects, fhe n,«- ^ ^ ^ pr0)ect

cannot be planned on one year
, • „fr,rnhability of occurrence,

effective rainfall on the basis of probab.l, y

•n, involves measuring rainfall and the soil moisture
The evaluation of effective rainfall involves „the ^ting deprn

ofcrop plants. (Micheal, 1994)

2.4.2 Capillary Water .g ^ ^ the fine

Mi,,„.,-------:_»,,,,,,,,.„
• i „ w surface tension, Capuwiy

ctnnted to less saturated regions.
the capulary fension (Chow,deforce binding the water (surface tension), and,he h„

1988)

2.4.3 Gravitational Water rf ,, is
which is drained from the soil under therav„, beyond ,he reach of plan, roo,s.This is the water

available to plants bu
t it is often pulled down by gravity

13



^HOTWAWRWaW"" ater assure can be determined readily

by observtag the prcmettic ,evd U. *- stand „ ob .
nroduces on almost simultaneous changeehange in hydrostatic pressure produces ^ ^ ^

„ofthe observation well, ahydraulic gradient ,n,o the w
is reached. The

rethatwouldexisti„fhewaterlevelmtheweUthencorrespondstotheporewaterpressurethatwo

soil,iftherewasnotan
observation. (For the 1990)

2.4.5
HYDRAULIC CONDUCTIVITY

quantitative description of water flow through aporous medium was that
ThP earliest quantitative aescnpuuu w

*;-i-.<——--———**•
sand bed for an improved supply.

h sthattheflowofwateristhedifferenceinhydraulicheadat
Darcy 's experiment shows that the now
the ends ofthe column. This is Known as Dare/s law expressed as

2.4
[h,-h2]

V = k

Where
V =velocity offlow (m/day)
k.hydraunc conductivity dependtag on the properties of sand andhquid
hl _h2 =difference in hydraulic head

14
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points In and h2. By defination, the
= distance along the flow between

M h)/Lalong the flow path is the hydraulic gradient;
quotient ( hi - h2 ) / ^ dlul *>

thus

The quantity of flow may oe or s

quantity of flow, Darcy's law may be expressed as
q = av = kia

f ater discharge in saturated length of time, usually expressed in
Where ; Q=volume of water discnatge

m3/day. 2
.- sectional area through which water moves in m

a = cross

The value of k can

constant headparameter

be determined or obtained from laboratory

.. 2.5

test of sample formation of

2.5 Maize

Maize is widely grown in Nigeria. It comes
closest to being astaple food crop.

Maize does not grow well mareas

be,ow Sand low sunlight. Beep permeable ferble sandy loam soils give the best with
with rainfall over 2000mm per year with soil PH

Bbest result. (N.C.R.1,1987)plenty oforganic matter give

Varieties

Medium / late maturing varieties

15



These includes:
f r^7 27(TZPB)FARZ-34(TB),TZRS-W

1) White FARZ -2'v1MD^

They are suitable for human consumption.
2) Yellow:FARZ-7,FARZ-23(096EP6),TZSR-W

t and livestock consumption. These varieties are ready tor
Suitable for human and livestock

harvest 110-130 days after planting.

Early Maturing Varieties
NE_YandDMR-YE,TZESR-Y,TZER-Y

• a ,«d are ready for harvest as dry grainsThey are yellow - grained and are teaciy

planting. They are
suitable for human and livestock consumption.

90 - 100 days after

1ntina patterns have direct effect on yield, solar energy capture and
PUmtlsaPafiSffl'- Planlmg Patternsnd

c» pffiriencv Two important plantingevaporation and thus an indirect effect on water use efficiency.
, nt density and row spacing. For maize production, thepattern practices, are plant density

efficient water use. The mainmmzSm_ planting date is an extremely important ,n
zing is tc

After the seeds germinate, the moisture
reason

placing the seed in the optimum moisture zone

16

•, +^ ensure «ood germination byfor choosing the optimum dates for sowing is to ensure Oo

I



;mil ,.uol pCTC„,„i„„ to cnvdopc ,.«„„,„„ »il

. , „„ ,.,kc The dale also mdicaio ng.il !>!"•volume for nutnen. UP l„kc. unclcr normal rainfall
gro.h and opti — 0f m'"-U'rc V b: use of ,c interaction

• ' ;,.,! c-iii be obtained by ™k«* «« bcil ubCconditions, m,o, >kW • ^ ^ ^.^ ,,„„,„,
1)Clwcc„ ptaH b-ding, agronomy and melcoioU^
lime for particular crop

a„difsvaricly.(N.C.IU,l«87).

, ,Kof,he,nai„,na„aRc,„c cans of oblaimng more *», wale,

-iS'";;":;: ,; ,,„»„ a,cas,,hcpr yconcc sthe water factor,
water and hght. Except , ^

~— r ::::::::„:.—.
'—^'r^--"-—-1» «cd S"°C,CS 'S " l" • , lvclH) suitable technologywalcv begins*,, the too, systems of ,hc weed and crop overlap. S,

lorstalU be used in increasing wa,er use elucioiKy of ,,w.e.

l,li,,^Pi^: foilifacs are applied to increase yield, and also increase water

t tyiiiiif

uscemuuic). own . nroner, S„i, Ml to evaluate U, iiutiient deficiency in ,e so,, and use o, the ,
(i)

(ii) 1:

quanlily.

Maccmentlerlilizcrs in the soil properly.

17
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Harvest as soon as

ending on variety.
dep

;h (90
• „'ore dry en0llgthe grams are oiy

_l30) days aft* P****

_-half of the26Rice . olirce of food fot nearly one-• (ory-sativa) is thenar source o fcarbohydrate,
The plant rice (oryza ortnnt than v^heat as asouice

, ri„„ It «far more important be growngrid's popular, ^ types, .whiU
• ,drice are classified as upland and ^ lowland

Cultivated rice relatively low y

types, which are g- — ° ^ when Emerged because o^ields fnconuasuo most ol*,1--* .,*».
higher yields. R-,ce varieties are also classffle

' . ,, from the leaves to roots. Rice cootolj•„ transported from _ ^ „ dry or flufty

while most short gramme has

FertilterAP!—•—^ cdtotoaease,ieldand«ater-emcienc,..hosphorousandpotassiumTheseareapphedt
v. it is to be used i.e. whether•eis harvested depends partly on how Uis to

tor.e.ting-.Whennceishar
fol-consumption or for seed.

ai ones account must be taken of the

• the date of harvesting.. Howeve,
categonse the aai

18



• , maturity is attained if theeof the panicle. Technological ,»tu„y
accM,ng to the appearance , ^ ofthe panicle
,ellowcolourationcove,s,wo- ^ ^ rffl- ^ Matur,t,

attainedwhenthegrainshaveawate

,7 Evapo,ra.,P^«^ rat;on ^ tra]ispivation are oombined m,o one
In ^ wa,e, use byc,ops^ ^̂ ^ ^_ „„opped
term evapo„anspira,ion (ET), as ^ ^ ^^ ^ ^ due to
Md. The ,erm consumptive use, , . ^-^ att .* *»»

—tio- -4 *watet lhat ,s Tf I J- - -—in- areai =witer evaporated from bare ,an
consumed by plants, plus water ^ ^ .^ wmd,oCCupied,ycrop.,actors,wMch,nfluenceevapotra ,a.
tempera,ure,humid„yanda,sothes,ageofgrowthott„ec,op.

faterusedinevaport,anspirationbyacroPpedareaduri„g,heent,,e

ratedun„gthefewdaysoftheh,g„estconsump,iveuseof
period use rate.'(Mi^eal 1992)

,7,^^^»- ^^— —The need to be able to compute evaportaranspirahon 0*.P ^^
• tw is need to compute ET iroi

ffld quires minimum of common,, availalle



a\ With comparable accuracy ofw and sophisticated model with conpiwer a more complex and sop FT model termed Blaney -
«f ptfanev - Morm E I mouei i«-—•(—>—°™f:: ^g these re.—. TheMorm Nigeria (BMK) E, is proposed here as

equation oftliis model is given thus: ^

Etp .rf(0.45T +8)(520^"3Vl<>0-

Where:

Etp = potential evaportranspiration (mm day"' )

T = Temperature ( C)

R = Relative humidity

Therefore crop consumptive use can

Elc =crop consumptive use (mmday' )
Elp =potential evaporation (mm day -1)
Kc = crop coefficient

be calculated thus;

-l

defined as the availability of nutrients in a
soil to the plants growing2.8 Soil Fertility

Soil fertility may be
tential capacity of soil to produce crops

on it. This indicates the po

over a period oftime.

at a satisfactory level

20



Nitrogen, phosphorous and potassium.
• ounnlements (Youdeowei et al 19b8)organic matter or from inorganic supplements ^

And Moisture Use Of Crops
2.9.0 Rooting Characteristics

of soil moisture that is available to a
plant is determined by the moisture

r-.«-————""•***"
roots.

, „ in their rooting characteristics. Vegetable crops, such as onrons
Hants vary generally ,n ,he„ ^

j v. other-croos have fibrous, dense

roots. (Micheal,1992).

Plains may be Umited m,he„ rooting by faCors o,her ,han genetics. High wa,er *
sha„ow soils, and an impermeable formation near the ground surface restrict the depth of
rooting.

2.9.1 Effective Root Zosie

This is the depth from which the roots of an average
mature plant are capable of reducing

soil moisture to the extent
that it should be replaced by irrigation. It isnot necessarily the

maximum root
depth for any given plant, especiallyally for plants that have along tap root.

21
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•es widely with the type of son and other factors.
Roo, development of any crop vanes wrdely
(Micheal 1992).

r^VERYDEEP WELLDRATNED SOILS)
(GROWN ON VERY Lmur, ^^^

60cm

Rice

Potato

"C^uhflower

^Cabbage'

Lettuce

Onion

"Ro^th^Characte^tic^

I°" J —D.J&ofrootzone
120cm

| Maize

^Cotton

"Sorghum

IPearl millet

Soyabean

'Sugarbeet

Tomato

Very deep rooted

"l80crrT

"SugaTcane"
Citrus

"Coffee

Apple

"Grapevine

"SaffloweT

Lucerne

EXTRACTION PATTERN WrTHIN ROOT ZONE
The moisture faction pattern shows the relative amount of moisture exacted from
„depths^thecroprootZone.Rg,DshowsthemoistiJree—p«
of average crop plants growing hdeep umform soils, ft seen that about 40 percent o^
,0, mature used is — - - «—-- "«~»^ ^

^ond, ,0 percent from the thfrd and omy 10 percent from the last quart. *
„ the need for m*ng soil moisture measurements a, d^rent depths (at least

5)withmtherootZoneinordertohaveaf*estima,eofti,esoi,mo,s«urestatus.

2 9 2MOISTURE

the

two)

22



Ii

Effective root

Zone depth

iir 7^^u^^a^mvMan
of"^r^o"wi«gi">,soilv'ithOUt

Figure , adequate supply, of soil moisture
restrictive layers and with ar

(Micheal,1992)
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CHAPTER3

MATERIAL AND METHODS

3, EXPEWMENTAL1AVOUT of theDepartment of Sou Science of
.hestudywasconductedonti-eexperhnentalfarm ^^

• -+ „f Technology, Minna, Niger State, intheFederalUnivers,tyofTechn « ^ (DMR -ESR -V
was75mby25m.-ota,-areaof35by - ^ Motup-riceWAB
wWle atotal land area of 40 by 25m was used for the

33 -25 (oryza glabernma).

on the 22" of June 2001, with an intraspacing of 60 -70cmThemaizeseedsweresownont,^ ^ ^ ^

seeds sown onthe 20" of July 2001.

12 METHOD OF INVESTIGATION.
don the day the seeds were planted. Readmgs of allThe field experiment commenced on the day

t were taken twice in aweek (pie— level and so,! tenston). Readings
parameters were taken tw Pxneriments were conducted to

w•,d ftom the tensiomettr, piezometer. Expedients w
were obtamed from tne—e moisfure content ofthe soil, the hydrauhc conducts the densty,
a.sothetypeandcharacteristicsofsoilavaUableonthefield.

, • rfnttwere weeded on different occas,ons and fertrbzer appThe areas (rice and marplot) were date ot weeding, date of
(check Appendix Bfor more information on date of plantmg,
harvesting and fertilizer applied)

24



3.3
n

OfSoil Properties.

3.3, —-«—• M5 empl0yed mthe collection of soil

samples at the depth ol „0lyethene bags to
, • deDths The cans and their contents were «ed Pindicating tor depths. ^ ^ ^ welghed

• rm„isture The samples weie taken toprevent loss or gam of moistmc. ^ ^ ^
• aweighing balance, ,be polyethene bags were ,hen

using a weign.H0 u switched. , e„ at the temperature of 105" C. After 24 horns, ,he oven
placed in the oven at - ^ ^ cMle„tsoffandopenedtoa,,ow.beca,,sorti„stocoo,o„.La,e,o,,

were then re-weighed.

3 3.2 Infiltration R«te- _ . •-
i • MPtPrminine the infiltration rate on the sou.

,- a ;nfilrrometer was used in deteiminingThe double cylmdei infilttometei
' ru •< Kf 9Vtn and diameter oucm, auuThedoublecy„„de,co,,s,s,ofanou,e,cy,inderofhe,gh,25c,na„

an inner
cylinder of heigh, 25cm and diameter 60cm.

and• , , into ,he soil by placing a plank across the ringThe ou,er cylinder was mseited *. ^,_^ was installed
• -.t centiv until it goes down to adepth oi 10cm.tapping it gently uuui _

into the outer cylinder to

between the two cylinders

entralize the radial distancethe same depth. Care was taken too

25



•a
i

5»

3

,»,f way befoie filling *e toner cylinder to
e\uA im with water halt way uc.

using a metre rule and a step

..^nn*»v«nme infiltration rate head.

• iromoosition Of Soil (Sieve Analyws)33.3 Mechanical Compo,.wo r
• *, -i nnd recorded. The sieves were of difleieoiThe sieves were initially weighed and ^ ^ ^

first and progressed to the sieve with the largest
diameter came first and pi oa ^

nnn timt collected the samples that passethe smallest mesh diameter was apan that

sieves.

.,•,-, the largest mesh diameter and covered. TheOne kilogramme of soil was poured into the large,,

of silt and

which samp.e retained on each sieve was weighed. Thus P
sand were determined.

3.3.4 Hydraulic Conductivity (Unsaturated)
•ked out on the riceAplot of land 5m x 5m was mar

and maize plot, and ridges wen

ound the plots. The plots were then

for two days to allow water reach or sink to adepth

polyethene sheets to prevent evaporation.

constructed ar

26

filled / saturated / flooded with water

of lm. The plots were covered with



1

t

• hours on the first day,
Soll samples were collected a, the reunited **^^in tms, coveredfor six days aitcards. The soil samples collcaed
and daily for the laboratory. The• of moisture and taken to
w,th polyethene bags to prevent loss or gam ^^ ^ ^ ^

•i ' A for 24hrssamples were weighed, and oven cu ^^ volumetnc
• a fmm the wet and dry samples were- —f^° wasl,sedl„ca,cu,atinghydrau,,cconduc,iv,,y.

/hichm turnwas useuu

obtained from the wet

water content, wl

3" - .cleared of vegetation, - then aco,e ring was pushed -o
Points on ,he study site was cleaied g ^ ^ mto a
the soi, to obtain so,, samples at different depth, ^ ^ ^

rp taken mto the laboratory and weigtieamoisture can. The samples were taken ^ ^ ^•,f adav(24hrs) and after which the oven is switched o.
oven dried for a day (^nib,

r ihP ^moles were re - weighed,allowed to cool off. After cooling, the samples

3.3.6 Mobtu«T«.ion ^ tenst0nmeter, at
rf twice in aweek, with an instrument called the

This was measured twice in aw

depths ofO-30 and 40-60.

3.3.7 Water T.W* fo standpipe. At

level was taken twice aweek.

27



f ™,ent Employed
3.4 Field Equif

3.4.1 Tensions ^ ^^.^ rf , Borous cap filled
Measures ,„e tension w,th which water - ^ ^^ ^ ^ ^
wi, water an-tiached to avacuum^'^^M*,

r,rm contact w„h the soil. Atemporary connectio
necessary to ensure farm mov(.d out

because of suction or .ension existing m,he so,, wa,er, avacuum wa
and registered in the gauge.

4 2 The Piezometer

The piezometer consist of aP.V.C P*pe
a a ^meter of0.05mm. The: length of 2m and adiameter oi

level.

of

It measures the pore
iter pressure and the

wa

rise and fail of water table.
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?TiV,CHAI

RESULTS AND WSCTSS10I

The results from
the field and laboratory are goWen below:

41 SoU Physical Properties tnHe 41 indicates that the
•, presented m taoie t-*>

'~ °f S8,ld riangle (United States .epartmen, of.—,-
"-"**— t, -yloam, while that of,he,ice .ct was
soil on the maize plot was shown
shown to be sandy clay loam.

d421showtheleve, of water in,hepi.o,neteronbo,hp,, The wa,er
in the ,ubes rose whenever,here was an increase

was adecrease in the water table.

. Tables 43 and 4.3.1, indicates that
f horn soils as shown in Tables uThe infiltration rate ot both ^ ^ rf

/ -u, time The infiltration on the nee plot

co„ductlvlty which decreases
S0ll, Tables 4.4 and 4.4.1, shows the unsaturated hydiau
down the soil profile "Mr respect to time.
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j „,he soil profile arid this'S. lbe seen tha, bulk density increases down the so,lp
From Table 4.5, it can be seen ^ 46an,due to compaction. Moisture content increases down the soil as

4.6.1

Particle Size

Plot A-Maize

Plot B - Rice

Analysis Of Soil Samples

Textu
aral class gotten from U.S

.Department textural classification.

Table^P^^

30



r,'im TN PIEZOMETERS[2l DEPTHOFWA^PSL[ (RICE PLOT)
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Infiltration RalcfJ^i^TM,
InMdD^ \ Charge w

Table 4.4 :IJhjaturated^^
"W^ltored 1 Time | ^ | ^

(cm)

LA9

At

KG

K9

change in water stored

change in time

hydraulic conductivity

jM. 4.41: V^^^^^^^^^f
Water^torcd [ Ume
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•, rorresr^njhnaMoistu^Cos^T^aWe^i^rie^o^alJo^ ^
23.01

24.43

25.99

34.35

60 ______J ,—

S^"L ~~~ r. •„„ Reasons ofRke^ndMaize
Table^ll^-^^^

RICE

Number of Rains
Month

1st Month
2nd Month
3rd Month

209.6

262.5
148.7

1stMonth
2nd Month
3rd Month

352.9

195.9
268.4

42 SoU Moisture Status h„,h crops at different
•i „, ., the depth of30cm and 60cm for both cropsThe quantity of water avauable at the depth ^

weeks with correspond^ moisture content, and —,—
and 4.6.1.

From
both Tables (4.6 and 4.6.1),

itwas observed that the higher the moisture content,
also confirm in figure 4through

the lower the tensiometer

figure 4.3.

reading and vice-versa. This is

A% SoilMoisture Balance

*>n 8m as shown in Tables 4.7 and 4.7.1ofthe neewas 620.8m assnowi
, uth crons during their three distinct stages of growthThe crop consumption use of both crops, during

• u nn table 47 The total crop consumptive(germination, flowering and maturity) is shown on table 4.7.
, -eandtice is 198,2mm and ^^^

use for maize and nee u»

DandE

33



44 Grain Yield
, a nn the 18th of SeptemberThe maize was harvested on the ^

.i 01st October 2001 with atotal yield orWhilethencewasharvestedontheil Octobe

2001 with atotal yield of 0.75 t/ha.

34
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Table 4.7 :Distinct Growth Stages ofRice with Corresponding Amount ofRainfall, E^and Etc

Stage ofgrowth *Decades ^ffloanf of
Rainfall
(mm)

E,c Crop
(mm/day)

*Difference
(mm)

Etp BMN
calculated

(mm/day)

Total

Rainfall
(mm)

Total E,c

(mm/day)

Stage 1 (Initial) 1st 70.6 1.42 69.18

2.52 209.6 18.22nd 58.4 5.66 52.74

ord 80.6 11.07 69.53

Stage 2 (Crop
Development)

1st 74.6 18.04 56.56

2.81 262.5 74.56
2nd 152.8 23.48 129.32

3rd 35.1 33.04 2.06

Stage 3 1st 118.6 31.74 86.86

4.4 148.7 75.582nd 14.5 25.74 -11.24

3rd 15.6 18.1 -2

*Difference between Rainfall and Etc
*Decades :Dividing each month into three parts made often days.

Table 4.7.1 : Distinct Growth Stages of Maize with Corresponding Amount ofRainfall,
Etp and Etc

Stage ofgrowth *Decades Amount of
Rainfall
(mm)

Eu, Crop
(mm/day)

*Difference
(mm)

Etp BMN
calculated

(mm/day)

Total

Rainfall
(mm)

Total Ex

(mm/day)

Stage 1 (Initial) 1* 170.5 2.16 168.34

3.76 352.9 24.662nd 46.8 7.72 39.08

3rd 135.6 14.78 120.82

Stage 2 (Crop
Development)

1st 82.5 22.44 60.06

3.28 195.9 88.92
2nd 8.1 30.82 -22.72

3rd 105.3 35.66 69.64

Stage 3 1st 88.6 34.06 54.54

3.31 268.4 84.742nd 154.8 28.68 126.12

3rd 25 22 3

^Difference between Rainfall and Etc

Table 4.8 :Monthly Value ofTemperature, Relative humidity and Radiation Ratio
Year 2001

Month Temperature (°C) Relative Humidity (2) Radiation (mm/day) Radiation

Ratio (rf)

January 27.7 31.1 7.3 0.091

February 29.9 30.1 7.7 0.096

March 31.6 44.9 6.8 0.085

April 30.4 57 7.3 0.091

May 28.9 61 7.1 0.88

June 26.4 70 6.8 0.085

July 25.6 76 4.4 0.066

August 25.0 79 4.6 0.058

September 25.2 73 5.5 0.069

October 27.1 52 6.4 0.080

November 26.6 43.7 8.9 0.111

December 27.5 35.6 7.1 0.088

Source :Department ofMeteorological services Nigeria Airways Minna
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i

4.5 Effect Of Rainfall On Yield

To ascertain the yield of crops, the most important factors to be considered are sunlight,

rainfall and soil nutrient. While soil nutrient can be improved on, the others are natural

except where irrigation is involved as in the case where there is shortage of rainfall.
Rainfall plays an important role in the growth and development of crops, because

nutrients have to be in solution form before it can be used by the crop. Therefore

different crops require different amount of rainfall to be able to have optimum yield.

When the amount of rainfall required by acrop, falls below or above that required by the

crop, it's growth, development and yield are affected.

In Nigeria guinea savannah, with reference to Minna, the annual average rainfall is

1,214.8mm (Odofin, 2001) and this falls within the range required by both upland rice

and maize for optimum yield. Maize requires rainfall within the range of 800 - 1200mm

to attain a yield between 1.0 - 1.2 t/ha, while rice requires rainfall between 800 -

1500mm to attain a yield of 1.3 - 1.8t/ha.(Yayock, 1988). About 74% ofthe annual

rainfall is precipitated from June to September, with August as peak. Although the

annual rainfall is generally adequate for crops, growing in the agro-ecological zone, it

does not have a direct effect on the yield of crops be cause ofthe variability of monthly

rainfall distribution. (Owonubi and Olorunju, 1985).

Although the total rainfall during the growing season of Rice exceeds that required by

the crop, the distribution during the growing season shows irregularities. At stage 1

(Initial) and stage 2 (crop development), the rainfall during these stages exceeds that

required by the crops and this can be clearly seen from their difference in Table 4. 7. At
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1
1

stage 3(late season) of growth, the rainfall exceeded that required by the crop in the first

decade but at the 2nd and 3rd decades, there was deficiency ofwater, especially in the 2n

decade, (fruiting stage) and this is expected to have an adverse effect on the yield

(0.42t/h). Which is obvious when compared with typical values (1.3 - 1.8 t/ha) within the

rainfaU range of (800 - 1500) by Yayock (1988). Taking a look at figure 4.7 , between

the 80th and 90th day after planting, it can be clearly seen that there was deficient water

and this is the period when the rice is sensitive to stress. Also when the total rainfall

during the growing season ofRice (260.8mm) is compared with the above standard it can

be clearly seen that there was insufficient water during the growing season of rice. The

number of rains and the amount during the growing season of rice is shown on Table

4.5.1

From Table 4.7.1, and figure 4.7.1 showing distinct growth stages of maize crop, it

would be seen that through the three stages of growth, the total rainfaU exceeded that

required by the crop. According to Micheal (1994), the yield of maize can be reduced

considerably, especiaUy during the period of seedling and flowering, due to it's

sensitivity to excess water. Breaking the growth stages into decades, as in Table 4.7.1

and Figure 4.7.1, it would be seen that there was excess water throughout all the decades,

except the second decade ofthe second stage, where rainfall was deficient by 22.72mm,

which corresponds to the 50th day as seen offigure 4.7.1. At this period or stage, the crop

is sensitive to stress, and this had an effect on the crop during it's development stage.

Other factor which attributed to the decrease in yield were, poor drainage of excess water

and disturbance from Uvestock. The yield obtained was 0.75 t/ha. The number of rains

and the amount during the growing season of maize is shown on Table 4.5.1. The
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RainHl, EU and B, for an average of 14yearS (1987 -2000). was aiso anaiyzed and the
^ obtained can be seen in Appendix H. It was also observed that the values of the
Potential evapotranspiration and Crop evapotranspiration for the year of cropping were
consistently lower than that for the Hyears average (see Tables 4.7 and 4.7.1 and
Appendix H)

Comparison OfYield With Respect To Rainfall
The average monthly rainfaU of 272.4mm in year 2001, yielded 0.75 t/ha of maize,
which was 42% less than the yield obtained in year 2000 (1.3t/ha). Though, the average

" monthly rainfall for 2000 (249.5mm) was less than that of 2001 (278.5mm), the decrease
in yield, is attributed to the poor drainage of the plot. Maize yield can be reduced
considerably, especially during the period of seedhng and flowering, due to it's
sensitivity to excess water (Micheal, 1994). During the course ofthe experiment, it was
observed that Uvestock was another source of disturbance which affected the yield of

maize.

It was observed that the average monthly rainfall of 206.9mm in 2001, gave ayield of

0.42 t/ha, and this was 33% less than that obtained in 2000 (0.63 t/ha). Although, the

average monthly rainfall for 2001 (218.4mm) was less than that of2000 (270mm), it can
also be clearly seen, that the total rainfall during the growth of rice (655mm) low and
insufficient compared to the range (800 - 1500) as stated by Yayock, 1988 for optimum

yields.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The following where established during the experiment.

(1) The total rainfaU during the growing season of any crop may exceed that required
by the crop, what is more important is the rainfaU distribution, during it's growth
stages. This can be achieved by dividing the growth stages into decades and
obtaining the actual water used during those decades.

| (2) From the comparison made, it was observed that the average monthly rainfaU
during the growing season of maize in year 2001 (272.4mm) was more than that of
year 2000 (249.5mm), and knowing the maize requires low amount of rainfaU, this
led to adecrease in the year 2001 (0.75 t/ha). The yield in year 2000 was 1.3 t/ha.

(3) Water was insufficient during the growing season of rice (620.8mm) as compared
with that of year 2000 (810.2mm) and that stated by Yayock, 1988 (800 -

1500mm). This led to decrease in yield because rice requires aconsiderable amount

of water for optimum yield.
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5.2 Recommendations

At the end oftheexperiment, the following were recommended:-

(1) To obtain a good comparison, the crops have to be grown in a secluded

environment, from any fonn ofenvironmental stress or disturbance e.g. disturbance

from livestock

(2) Analysis should be carried out yearly before planting, to ascertain the soil nutrient

status

(3) Drainage facilities should be constructed to drain excess water from the field.

(4) RainfaU should be supplemented by irrigation where it is insufficient.
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PLATE 1: Maize At AMonth And Two Weeks After Planting
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PLATE 2: Rice At Two Months and Three Weeks after Planting.
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Planted on the 20th July 2001

Height after a month

Height after two months

•I le'mht before harvesting

Dates of Weeding:

Fertilizer application:

APPENDIX D

IMPORTANT DATES

42.4cm

75.6cm

96.3cm

i5lh August 2001

5"'September 2001

22ml September 2001

17th August 2001

25"1 September 2001

Fertilizer applied and quantity = urea (28kg/ha)

Harvested on the 21st October 2001

Total yield = 0.42l/ha
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•ianled on the 22,m June 2001

.eight after Two weeks =38.1 Ocm

ieight after a month = 71.10cm

lleight,before harvesting =195.0cm

laize started tassclling at approximately a. month and two weeks after planting

i Dates of Wecdim 7''" July 2001

21sl July 2001

,iii ' Aimust2001

18th August 2001

Fertilizer Application : - 7 ' July 2001

August. 2001

Fertilizer applied and quantity =N.P.K 20 : 10: 10 ( 10kg/ha)

Harvested on'the 18lh September 2001

Total yield = 0.75t/ha
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APPENDIX C

CALCULATION OF BULK DENSITY

julk density (K) = weight of moisture can +oven dried soil - weight of moisture can

Volume of soil

! Volume of soil volume of core rim

"i

4

1

Volume of core ring: Vh

Where II

I .-volume oi soi

3.142

3cm (radius of core ring)

6cm (height of core ring)

3.142x(3)2x6

169.6cm3

At depth of 30cm

190 . ._ . 3
Bulk density =7-777: = i.!2g/cm

lby.b

At depth of 60cm

Bulk density
200.5

"169.6
l.iSu/cm'
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APPENDIX D

^POTK.NSP^ON AND CROP CONS.MPTZVE USE (R.CE)

Etp

Etp x kc

rf(0.45

Etc

T +8) (520-R1:31)/100

Etp

Etc

kc

T

R

rf

potential evapotranspiration (mm/day)
crop evapotranspiration (mm/day)

crop coefficient

Temperature

Relative humidity

= ratio ofmaximum possible radiation to annual maximum

1st stage of growth ( July - August)

Etp = EtP July + Etp August

= ^66+^37 = 252mm/day
2 -

Etc = 2.52 x 0.55

= 1.39mm/day
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^ stage of growth (August.-September)

>, = ' Elp August + E,p September

2.37^-1^24 = 7.81 mm/day

Etc = 2.31 xl.15

= 3.23 mm/day

okI311' stage ol grow th (September - October)

ui,,
= Elp September + Elp October

3.24 + 5.56

Elc = 4.4 x 0.3

= 1.32mm/day

= 4.4irmi/dav
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APPENDIX E

PCONSUMPTIVE USE (MAIZE)
i!u

VAPOTRANSPIRATIONANUCRO

Is1 stage of growth (June-July)'

Eu,. June + E„, July

4-38±3ili = 3.76mm/day
2

Etu = 3.76x0.48

= 1.81 mm/day

2nd stage of growth (J uly - August)

EM1 July + E,P August
j--tp

sal

3/1_8j_3.3^_ = 3.28mm/day

Elc = 3.28x1.10

= 3.61 mm/clay

3,u stage of growth (August -September)

Ii,,', August -i- I'i,,, Scplciubcr

2

o o~7 i °, 9/d , .
^!iZ21±-l = 3.31 mm/day

Elc = 3.31 x 0.55

=- l.82mm/day
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The daily rainfall from the day

APPENDIX F

ofplanting to the day of harvesting is given below

For year 2000 (Rice)

1st month^1 June -11th July)

2"d month (12th July -ll* Aug.)

3rd month (12 Aug.-11* Sept.)

Total yield =0.63t/ha

For year 2000 (Maize )

1st month (10th June-9th July)

2nd month (10th July -9th Aug.)

3rd month (10th Aug. - 9Ul Sept.)

Total yield = 1.3t/ha

For year 2001 (Rice)

1st month (20th July -18th Aug)

2nd month (19lh Aug. -17th Sept.)

3rd month (18th Sept.-21st Oct.)

Total yield =.0.42t/ha

187.5mm

238mm

384.7mm

193.5mm

192.6mm

361.6mm

209.6mm

262.5mm

148.7mm
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For year 2001 (Maize)

l-month(22nd June-21st July) =

2^month(22nd July-21st Aug.)

3rd month (22nd Aug. - 18th Sept.)

Total yield =0.75 t/ha

352.9mm

195.9mm

268.4mm
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APPENDIX G

TableG 1̂ ^MlD'^l^J^i2:9^^2.
^U>iithJJl£le_]Amo^
laiTl9 I 0.3

Munth/Date _Ainounl(mm)
13.5"

10April
April 30

_May_4_
May_U)_
"Mav 17
Mav 18

May_19
"Mav 20~
May 2:
Mav 23

May 24

Mav 25

May 26

Mav 27

May_30_
Mav_3J_
June 1

_Jiuie2
June 4

June 5

June 6

June 7

June 10

June

June 14

June

Juno 17_
Tunc IS
June 20

June 21

June 22

July !

Julv 2

Juh-4
July 5

Julv 6

Julv 16

Julv 18

2.4

1.2

1.2

21.0

26.9

6.3

1L2_
16.5

3.0

4.8

0.6

15.2

(6.0

45.6

2.6

2.0

16,7

28/4

Tl.f

26.

4.0

2677"
T5.6~
6.4

21.7

39.1

August 2
Augustj3_

AugjastJL.
August 12
Aimust 13

Aimust 14

August
August 17
_August_^_
Aug_usQ9_
August,

August_23
August. 24
Au^ust_25_
August. 26
August 27
Augu
c

29

eptcmber_]_
icpteniber 5

Scptembci_6_
September 9

45.4

J_0.0_
0.2

34.2

:.9

8.6

2.4

26.4

0.2

63.0

13.9

1.9

2.9

19.9

2.7
I s.>

4,5

30

September 10 63.3

ScpjcmbcrJJ
September
S^ptonbcrJ4_
September 16
Septci-nberj_9_
Seplembcr_20^

5.8

1_.6_
"y.6_
T6

17.1

21.6

Sc]^cmber2j
'Septctnbct-23___
S_cjiJ.cmbcr_2;'

4.0

'til
Scptcnrbcr25_
Scplcmbcr_2£
September 27_

23.26

"0.3 "
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Month/Date

September 30
October 1

October 5

Aiuuunt(mm)

24.9

19.8

1.2

12.0October 7

^gaobcr8___L?M-
October 11 8.8

October 12

October 14

October 15
October 16

9.9

9.0

8_3_
""0.4
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17.9

Monfh / l)irte\_Ani

_A_pn!_4_
[Ajirilji
_AmjL17
April 19

AniojjijHlIBL
0.3
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APPENDIX H

Average Rainfall Etc Etp for 14 years (1987 - 2000)

Crop

Maize

Rice

Stage of

Growth

1stMonth

2nd Month

3rd Month

1stMonth

2nd Month

AmomrtTEi BMN
of calculated

Rainfall | (mm/month)
(mm)

176.2

187.2

240.1

187.2

240.1

112.5

114

70.2

3rd Month 213.5

114

70.2

101.1

Etp BMN

calculated

(mm/ day)

Etc

(mm/month)

54

125.4

38.7

1.8

4.18

1.29

62.7 2.09

108.9 3.63

30.3 1.01

See next two pages for Graph ofAverage Etc and corresponding Rainfall
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GraphofAverageEtcandCorresponding
Rainfall
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