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ABSTRACT

mine the effect of rainfall paftern on rice and maize

The study was carried out to deter

yield, in the Federal University of Technology, Minna, Niger State. Soil physical m"'\';\

properties, that affect water movement in the soil like hydraulic conductivity, moisture

content and infiltration rate were determined. The result of the soil analysis, showed that

the soil was sandy loam. The result obtained from the study, revealed that annual

(seasonal) rainfall has no direct effect on the yield of crops, but what affects the yield of

dy also compared the yield of the

crops is the monthly rainfall distribution. The stu

previous yéar (2000), with that obtained in this experiment, making referehce to the
s. The year 2000 had an

amount of water used during the planting season of both year

averagek monthly rainfall of (249.5mm) during-the growing season of maize, with a yield

of 1.3 t/ha:‘ while year ZOO’i ‘had an average monthly rainfall of 272.4mm with>a yield of )

average monthly rainfall of 270mm with a

\“" .

0.75 t/ha. Rice planted in year 2000 had an

yield of 0.63 t/ha, while at an average monthly rainfall of 206.9mm in 2001 there \A;as a

yield of 0.42 t/ ha. Variability of rainfall, poor drainage, disturbance from livestock were

the major problems attributed to the change in yield. Possible solution to these problems

were recommended.
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INTRODUCTION
1.1 Background
The knowledge of soil — water — plant relationship has helped in understanding the

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

In an environment known by low and high variable rainfall, air temperature and high
evaporation demand, the soils are poorly structured, while scarcé rainfall is one of the
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
more crucial limitation than the total rainfall. In such an environment, an understanding
of the water uses and movement is particularly important to rotational management

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

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.

(Ezedinma et. al, 1988)

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




At any given point in time, only a little portion of soil water lies in the immediate
neighborhood of ' absorpﬁve surfaces of plant root systems. Moreover, a large amount of
water is needed to offset transportation when growing crops. The capillary movement of
soil water to plant root and the growth of roots into moist 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
‘zonei can be a major source of water for plant growth and maturity. To be most effective
without serious restricting growth, ground water should be near but below the depth from
which the major portion of the plant are extracted. If ground water is too near the surface,

the land ability to economically produce most Crops becomes almost nil. Au1thony,(1986),

A number of crops are being grdwn under irrigation in the country at the moment, but -
what is of more importance is the availability of moisture content in the soil at the
various growth stages of various crops in the country. This information is necessary for
the supply of water at the appropriate time and amount, in order to avoid serious
reduction in crop yield, especially under conditions of limited water supply. One of the
practicable methocis of mezisuring the avaiiable moisture content in the soil 1s by using a
tensiometer. 1t is one of the many ways of determining the depletion of soil moisture

¢ontent.




1.2  Objectives Of The Study

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

13 Scope and Limitation of St‘u‘dy
; ™~

i o8

The study, s limited to the amount of water available in the root zone of the plant. - s

~

" 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.




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 apprqximately straight
line N'W: - S : E orientation 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 of the Kaduna and Gboko rivers, as tfley 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
a period of a year, 50% or more of all the year have dry seasén of 4 to 5 month duration

(Pollen, 1962).

2.2 Seil Physical Properties
Soil which is a complex system must be in good physical condition to support plant

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

Various physical forces interact in the development of the soil, and the result renders

characteristics properties to soil which can be described in physical terms. These

4




_ properties have considerable impact on anchorage, root penetration, aeration movement
and retention of moisture, availability of plant nutrient, chemical and biological

characteristic of the soil.

Soil that is expected to support plant life must; be will aerated, retain moisture to s0Mme
certain 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 different soils.(Ezedinma et al,1988).

2.2.1 Soil Texture

Soil texture is the fineness or Coarsencss of the mineral particle of soil. It is the relative
proportion of the various sizes of mineral particles present in a sample of soil. Depending
on the basis of the combination of all the particles in the soil, texture can be described as

sandy, clayey and loam. ( Ona 7i et al,1988).

Sandy soil includes soils in which the sand particles / aggregates make up 70% or more
of the material by weight. it is generally coarse grained, loose, griity and well aerated. It
is well drained but'capillarity is low due to large individual non — capillary pores. It heats
up readily during a sunny day and cools down quickly during the night. Since heat
destroys soil — micro — organisms, which play a great role in humus accumulation, it has

low nutrient content and poor chemical properties.

Silt consist mainly of very small quartz. Each particle has a large surface area. It is

smooth and powdery. When water is applied to silty soil, the air trapped in the pores will

h




s

§

prevent it from 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

gr%

available to plants.

Clay particles have a large surface area and a high power of water holding capacity. Soil
rich in clay are generally very sticky, and when they are wet, they are not easily
permeable to water. They contain very little air due to the very narrow capillary pores,
which redﬁce drainage and encourage capillary uptake and water retention. Clays have
good chemical properties and bad physical properties. The higher the amount of clay in a
soil, the iess the amount of water available to plant soil texture can be determined by

1. Feel method

. Laboratory method

7272 Seil Structure

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

comprises:
1. The shapé and arrangement of the structural unit,
ii. Size |
iit. Degree of development, distinctness and durability.

Sand, silt and clay particles are typically arranged into secondary particles called peds or

aggregates. The shape and size of the peds determine the soil structure.

6




Soil organic matter plays a major role in soil aggeration. The best structure is that which
increases soil aeration and water holding capacity. A loose, friable, freely draining soil is

easier to cultivate than heavy compost soil. (Bradfield (1936)

223 Soil Bulk Density

The term bulk density is defined as the mass Of weight of a unit volume of dry soil. The

volume includes both “solids and pores”. 1t is synonymous with particle density (mg /m 3

org /cm3). (Holmes et al , 1980). Bulk density is expressed as

Bulk density = weight of oven dried soil ( solids only) 2.1

volume of soil ( solid + pores)

When expressed in terms of solid particle density

Particle density = weight of soil solids - ’ - 2.2

volume of soil solids

2.2.4 = Porosity
Porosity is defined as the ratio of the pores to the total soil volume. It is an index of the
relative volume pores, and is influenced by the textural and structural cﬁaracteristics of the

soil.




2.2.5 Infiltration

This is the process by which part of the precipitation enters the subsurface. During a
rainstorm, water particles enter voids in the soil and fill them to saturation under sufficient
rainy condition and water particles move freely to join the undergrdund reservoir. The fate

at which water percolates into the ground is known as Infiltration. (Manzumber ,'1980)‘

2.2.6 FPercolation
Percolation is the downward movement of water through saturated or nearly saturated soil
in response to the force of gravity. Percolation rate is synonymous with infiltration rate

with the qualitative provision of saturated or nearly saturated conditions.

2.3 Moisture Content
The term “soil moisture” refers to that water that may be evaporated from soil by oven

drying between 100° C and 110° C until there is no further weight loss ( Gardner, 1958).

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

1. Gravimetric method.

2. Tensineleﬁ

3. Pressure membrane and pressure plate method.
4. Neutron probe method.

5. Using electrical properties of porous block

6. Appearance and feel method.- |




For the purpose of this study, the gravimetric’ method would be used. Moisture content
can be calculated by expressing it as a percentage of dry weight as given below (Marshal,

1980). | ~ e

Md = Ww-Wd X 100 2.3

wd | o B

Md = Moisture content of the sample(%0)

Ww = Mass of wet soil (g)

2
o
i

Mass of dry soil (g)

/ .
5 3.1 Field Capacity. > T
&£ e NG
This is the moisture content after drainage or gravitational water has become slow, and
the moisture content has become relatively stable. It is the moisture content ‘beyond

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.

2.3.2 Permanent Wilting Point.
The permanent wilting point is the soil moisture content at which plant can no longer

obtain enough moisture to meet transpiration requirements; and remains wilted until’

water is added to the soil. At wilting point the soil losts all of it’s pore water and part of




24 Hydrologic Cycle.

The total amount of water contained in the earth is constant and can neither be increased
or decreased. The endless circulation of water between the earth and atmosphere, plays
the most important cole in the existence of the living being. However, the availability of
water for the use of man 18 dependen"& on the earth’s unending moisture cycle known as
the Hydrologic - Cycle. It comprises Of gigantic distillation system operating in and on
the land, and water bodies of the earth and in the atmosphere surrounding it with energy
derived from the sun. Moisture 1s constantly circﬁlating between land, ocean and
afmosphere. The. cycle has neither a beginning nor an end. The concept of the
hydrological cycle begins with the water of the oceans, since it holds the bulk of water of
the iplzinet. Radiation from the sun evaporates water from the oceans to form water
vapour. The water vapour 11ses and collects in the atmosphere to form clouds. The
circulation of moisture from the oceans to the land 18 influenced by the wind atmospheric
pressure difference, physiography of the continent, temperature difference and other
factors. Under certain conditions, the clouds moisture condenses and falls back to the

garth as precipitations.

Of the gross precipitation. on land, nearly all 1s intercepted by the vegetation, with the
remainder falling directly onto the soil. Water in €XCesS, of that required to wet the leaves
and branches, drips from the leaves or Tuns down the stem 10 the soil. Water retained by

leaves'is lost by evaporation and is referred to as interception 10ss.

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

off comprises surface run off or overland flow. The movement of water into the soil from

10




Of the rain that reaches the soil, the difference between that soaking in and that running
off comprises surface run off or overland flow. The movement of water into the soil from
above is called infiltration. When the soil is thoroughly wet down to the water table, a
steady rate of flow or percolation t0 the ground 18 maintained. Subsurface lateral flow or
interflow also occurs through soils on slopes or when vertical flow through the subsoil 18
impeded. Tnterflow eventually contributes to stream flow from the catchment, as does the

lateral flow of ground water, which is called base flow. Surface runoff makes a much less

predictable contribution to stream flow and may be accompanied by soil erosion (White

.

(1987)

", . . o C Eusnraen & we
- . .- Fiom T TR Sph
P M M TR TER

Source : Hydrogeology by Stanley, Davies and Roger 1966.

Figure 2.0: Hydrologic Cycle

11




2.4.1 EFFECTIVE RAINFALL

In the simplest Sense, effective rainfall means useful or utilizable gainfall. Rainfall is not

necessarily useful or desirable at the timme, rate OF amount in which it 18 received. Some of
jt may be unavoidably wasted, while some may even be destructive. Just as total rainfall
varies, so does the amount of effective rainfall. The useful portion of rainfall is stored
and supplied to the user; the unwanted parts need to be conveyed Of removed speedily.

The term effective rainfall has been interpreted differently not only by specialist in

different fields, but also by different works in the same field. But our major concern is
the interpretation of the Agriculturist. The Agriculturist considers effective rainfall, as

the portion of total rainfall which directly satisfies crop water needs, and also the surface

runoff which can be used for crop production on their farms being pumped from ponds

s out of the field by runoff of deep

or wells. He also considers that water which move

percolation pbeyond the root zone of ls crops is ineffective.

From the point of view of watet requirement of crops, the Food and Agricultural
organisation of the United Nations (Daatmw,l‘)”]él) defimed the annual or seasonal
| which 18 useful,

or seasonal rainfal

effective rainfall, as the part of the total annual
directly or indirectly for crop pmducﬁon at the site where it falls, but without pumping. It

therefore includes water intercepted by fiving ot dry yegetation, that, lost by evaporation
from the soil surface, the precipitation fost by evaporatransporation during growth, that
fraction which contributes tO leaching, percolation or facilitates other cultural operation
either before sowing or after sowing without any harm to yield and quality of the

principal crops.

12




ning and operation of

The above concept of effective rainfall 18 suggested for use n plém
jrrigation projects. The irrigation water supply in 2 given year should be planned 10
complement rainfall. Since anpual rainfall varies from year 10 year, afl irrigation project
cannot ‘Qe planned on one year's data, reports are needed over @ long period to calculate

the basis of probability of occurrence.

effective rainfall on

The evaluation of effective rainfall involves measuring sainfall and the soil moisture
uptake by the crop for evaporatranspiration Information is also need on the rooting depth

of crop plants. (Micheal, 1994)

9 4.2 Capillary Water
Capillary water, s that which rises above the water table in the soil and is held in the fine
sion. Capillary water moves as @ liquid in any

s The finer the por

pores of soil particles by surface ten
direction, from more saturated to 1es8 saturated region es, the greater
the force binding the water (surface tension), and the higher the capillary tension (Chow,

1988)

Frav itational Water

243G
avity. It 18

This is the water which 18 drained from the soil under the influence of gr
available to plants but it 18 often pulled down by gravity beyond the reach of plant roots.

13




, 4.4 PORE WATER PRESSURE

When the subsoil is fairly permeable, the pore water pressure can be determined readily
by observing the prezomet ic level in an open stand pipe Of observation well. Every
change in hydrostatic pressure produces On almost simultaneous change of the. water
jevel in the well. If, for example, the pore water pressure Increases in the surrounding
open lower end of the observation well, a hydraulic gradient 1nt0 the well is created.
Consequently, the water flows rapidly into the well until equilibrium is reached. The
water level in the well then corresponds to the pore water pressure that woﬁld exist in the

soil, if there was not an observation. (For the 1990)

245 HYDRAULIC‘CONDUCTIVITY
The earhiest quantitative description of water flow through a porous medium was that
given by Henri Darcy (1956) who reported on the infiltration of water flowing through a

sand bed for an improved supply.

Darcy ‘s experiment shows that the flow of water is the difference in hydraulic head at

the ends of the column. This is known as Darcy’s law expressed as

[hl 'hz]
L

v=k

Where V = velocity of flow (m/day)
k = hydraulic conductivity depending on the properties of sand and liquid

hy—h= difference in hydraulic head
14




ints hy and ho. By defination, the

L — distance along the flow between po
quotient (-l ) / L, along the flow path is the hydraulic gradient;
thus

v=Kki
‘The ‘quantity of flow may be of greater interest than the velocity; hence in terms of
quantity of flow, Darcy’s law may be expressed as
Q= av = RPE '--—-—-——————---——'- ————————————— 2.5
of time, \isually expressed in

Where ; Q = volume of water discharge in saturated length

m'/ day.

a4 = cross — sectional area through which water moves in m’
btained from laboratory test of sample formation of

The value of k can be determined of O

constant head parameter.

7.5 Maize

mes closest to being a staple food crop.

Maize is widely grown in Nigeria. It co

Maize does not grow well in areas with rainfall over 2000mm per year with soil pH
able fertile sandy loam soils give the best with

pelow 5 and 1ow sunlight. Deep perme

plenty of organic matter give best result. (N.CR1,] 987)

Varieties

Medium / late maturing varieties

15




These includes:

1)  White FARZ — 27 (TZPB). FARZ — 34 (TB), TZRS - W

They are suitable for human consumption.

2)  Yellow: FARZ -7, FARZ —23 (096EPO), TZSR — W

Quitable for human and livestock consumption. These yarieties are ready for

harvest 110 — 130 days after planting.

Early Maturing Varieties ;
NE — Y and DMR - YE, TZESR - Y, TZER -~ Y
They are yellow — grained and are ready for harvest as dry grains 90 — 100 days after

planting. They are suitable for human and livestock consumption.

Planting Pattexn: planting patterns have direct effect on yield, solar energy capture and

evaporation and thus an indirect effect on water use efficiency. Two important planting
pattern practices, are plant density and row spacing. For maize production, the
agronomical density and spacing is 75em X 75¢m or 90cm x 20cm at rate of 55000
plants per hectare. Widely spaced crop rows are avoided. A narrowing of rows generally
means a uniform distribution of plants over a given area, thus making the plant canopy
. more effective in intercepting radiant energy and shading weeds. An added advantage s

the reduction in raindrop impact on soil structure in the surface layer.

Planting Date: planting date is an extremely important in efficient water use. The main
reason for choosing the optimum dates for sowing is to ensure good germination by

placing the seed in the optimum moisture zone. After the seeds germinate, the moisture

16
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{ime for particular crop and it’s
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5¢ (‘l]lc;lu\cy ‘Some of the pmctmm cssumal for ‘thc‘eﬂ’ncicnt use of fertilizer are
(1) Soil test {o evaluate_ the nutrient deficiency in the soil and use-of the proper

‘ quanlity.

(i) Placcment fertilizers in the soil propcrly'.




e dry enough (90 ~ 130) days after p&anting

Harvest as soon as the grains af

Bary esting:

depending O variety.

7.6 Rice

The plant cice (O1yZ d for nearly One — nalf of the
r more jmportant than wheat 8% a source of carbolt wydrates.
4 and jowland. Upland types, which cat be grown

ified as uplan

world’s popuhtxon 1t 1s fa
‘ce are class

in high — rainfall areas without irrigation, produce celatively oW yield. The jowland
ged in water for the greatel part of the season, produce

e growh submers
gen

types, which ar
1 contrast 10 most prants, rice can thrive when submerged because OXY
are also classified as long — Of short

ntent and are dry Of fuffy wh

higher ylclds 1
1s transported from the 1eaves to roots. Rice yarieties
in rice have high amylose €O en cooked,

Most long gra
cooked.

grain.
grain 1ice has lowet amylose content and are sticky when

while most ghott

Fertilizer Ag}gﬁw%m w As with most crops, the chief nutrients required are Nitrogen,
assium. These are applied to increase yield af and water use efficiency.

phosphorous and pot

Harvesting When rice 18 harvested depends parily on how it 1s 10 be used 1.€. whether

for consumption of for seed.

of course the moie usual ones, account must be taken of the
m milling. 1t depends

difficult to

1n the former case, which is
iy, which corresponds 0 the highest yield fro

gical maturit
at is why it is

“technolo
on the variety used, the season and the cultivation methods, tha
categorise the date of harvesting. However, “technologica\ maturity” May be assessed
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maturity 18 attained if the

pearance of the panicle. Tecl'mo\ogica\

o — thirds of the | of the panicle.

ains. Maturity is

according 1O the ap
yellow colouration cOVers tw ength of the axis
mdity of the gf

suring the hut
4 22%.( Yayock,1988)

A more precise method consists of mea
attained when the grains have a water content of aroun

ranspiration (ET)
ped into one

57 Evapot
y crops, evaporation and transpiration atre combi

ignating water use b
gses 1N cropped

on (ET), as it 18

In des
ate these tWO 1o

term evapotranspirati difficult to separ
field. The term consuraptive  use is used to designate the losses due 1O
evapotranspiratiot\, and the water {hat is used by the plant. 1t thus includes all the water
consumed by plants, plus water evaporated from bare land and water surfaces in the area
occupied by crop- Factors, which influence evapotmnspiration, are solar radiation, wind,
temperature, humidity and also the stage of growth of the crop.

used in evaportmnspiration by a cropped area during the entire

The total amount of water
ed seasonal consumptive use. While the average daily water use€

growing s€ason is call
alled the peak

days of the high ¢ of the season is €

rate during the few est consumptive us

period use rate. (Micheal, 1992)

n 7.1 Estimating Evaputrmxspin‘aﬁm From Cﬁmateﬁogiml Data
The need to be able to compute evaportaranspiration (ET) rapidly and accurately remains
undisputed. 10 Nigeria, there is need 1O compuie «gT” from those meteorological
parameters which can be easily be measure. In other words, @ model that 15 €asy to apply -
meteoro\ogical parameters, is preferred

mmonly av ailable
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d sopbisﬁicated model with comparable accuracy ©f

over a more complex an
prediction(Duru 1084). A modified form of Blaney — Morin ET model termed Blaney —

Nigeria (BMN) Et is

proposed here as satisfying these requirements. The

Morin —

equation of this model is given thus:

Etp = rf(0.45 T+8) (520 ~R1"3‘

Where:

Etp = potential evaportranspiration (mm day - )

of = ratioof maxinum pbssible hours of sunshine to the annual maximum
T = Temperature ¢CH
R = Relative humidity

Therefore crop consumptive use can be calculated thus;

E, = crop consumptive use ( mmday” )
Eyp = potential evaporation { mm day )

K .= crop coefficient

78 Soil Fertility
Soil fertility may be defined as the availability of nutrients in a soil to the plants growing
on it. This indicates the potential capacity of soil to produce crops at a satisfactory level

over a period of time.
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The fertility of tropical soil mainly depends on the availability of the major nutrients —
Nitrogen, phosphorous and potassium. These nutrients can either be obtained from soil
organic matter or from inorganic supplements (Youdeowei et al 1988)

2.9.0 Rooting Characteristics And Moisture Use Of Crops
The amount of soil moisture that is available to a plant is determined by the moisture
characteristics of the soil, the depth to which the plant roots extend and the density of the

roots.

Plants vary genetically in their rooting characteristics. Vegetable crops, such as onions
and potatoes, have sparse rooting system and are unable to use all the soil water within
the root zone. Forage grasses, sorghum, maize and such other crops have fibrous, dense

roots. (Micheal,l992).

Plants may be limited in their rooting by factors other than genetics. High water table,

shallow soils, and an impermeable formation near the ground surface restrict the depth of

rooting.

7 9.1 Effective Root Zone

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 is not necessarily the

maximum root depth for any given plant, especially for plants that have a long tap root.

3
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Root development of any crop yaries widely with the type of soil and other factors.

(Micheal 1992).

TABLE 2.0 EFFECTIVE ROOT ZONE PEPTH OF SOME COMMON CROPS

( GROWN ON VERY DEEP, WELL DRAINED SOILS)

Rooting Characteristics

Shallow rooted Moderately deep

rooted | Deep rooted

Depth of root zone

Tobacco

Cabbage Pearl millet

Soyabean Grapevine

Source ‘(Micheal, 1992)

292 MOISTURE EXTRACTION PATTERN WITHIN ROOT ZONE

The moisture extraction pattern shows the relative amount of moisture extracted from
different depths within the crop root zone. Fig. 2D shows the moisture extraction pattern
of average crop plants growing in deep uniform soils. It seen that about 40 pércent of the
total moisture used is extracted from the first quarter of the root zone, 30 percent from
the second, 20 percent from the third and only 10 percent from the last quarter. This
indicates the need for making soil moisture measurements at different depths (at least

two) within the root zone in order to have a fair estimate of the soil moisture status.
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CHAPTER3

MATERIAL AND METHODS

3.1 EXPERIMENTAL LAYOUT

The study was conducted on the experimental farm of the Department of Soil Science of
the Federal University of Technology, Minna, Niger State. The total land area cultivated
was 75m by 25m. A total land area of 35 by 2.5m was used for maize (DMR ~ESR -Y)

while a total land area of 40 by 25m was used for the cultivatié)ﬁ of upland rice WAB

33 -25 (oryza gla‘bernma),

The maize seeds Were sown on the 79 of June 2001, with an intraspacing of 60 — 70cm
and interspacing of 45cm. Basins of dimension Sm by 4m were constructed on the rice

seeds sown on the 20™ of July 2001.

+, METHOD OF INVESTIGATION.

The field experiment commenced on the day the seeds were planted. Readings of all
parameters Were taken twice in a week (piezometric Jevel and soil tension). Readings
were obtained from the tensiometer, piezometer. Experiments were conducted to
determine moisture content of the soil, the hydraulic conductivity, the bulk density, and
also the type and characteristics of soil available on the field.

The areas (rice and maize plot) were weeded on different ;)ccasions and fertilizer applied
(check Appendix B for more information on date of planting, date of weeding, date of

harvesting and fertilizer applied)




33 Determination Of Soil Properties.

3.3.1 Moistur¢ Content.

An auger, which was about 1.5m in height was employed 101 the collection of soil
samples at the depth of 0 — 70 and 30 —60cm. The soil samples Were collected 1n cans
indicating their depths. The cans and their contents were tied 10 polyethene bags 10
. £ moisture. The samples wWere taken to the {aboratory and weighed

prevent loss Of gain 0
and the tins Were

using a welghing balance, the polyethene bags were then removed,
. ~ 4} ” Y

placed the oven at the temperature of 105° C. After 24 hours, the oven Was switched

off and opened 1o allow the cans Of tins to cool off. Later O, the cans and their contents

were then 1e — weighed.

3 3.7 Infiltration Rate.
The double cylinder infiltrometer was used in deternining the infiltration rate on the soil.

The double cylinder consist of an outer cylinder of height 25¢in and diameter 60cm, and

an inner cylinder of height 25¢m aud diameter 60cm.

The outer cylinder was inserted into the soil by placing a plank across the ring and
tapping it gently until it goes down 1o 2@ depth of 10cm. The Inner cylinder was installed
into the outer cylinder 1o the same depth. Care was taken to centralize ihe radial distance

between the two cylinders.




The outer cylinder was filled up with water hatf way before filling the Inner cylinder tO
s brim. The water level was monitored and readings Were taken every five mMinuies

using a metie rule and a stop watch. The outer cylinder served as puffer to mantain £

constant average infiltration rate head.

333 Mechanical Compesition Of Soil (Sieve Analysis)

The sieves were initially weighed and recorded. The sieves were of different diameter
mesh ‘and they were arranged in such a way that the sieve with the smallest mesi
diameter came first and pmgressed to the sieve with the largest mesh diameter. Below,
the smallest mesh diameter was a pan that collected the samples that passed through the

sieves.

One kilogramme of soil was poured nto the largest mesh diameter and covered. The
whole content was placed on a sieve shaker and shaken or pulsated for five minutes, after

which sample cetained on each sieve Was weighed. Thus the proportion of clay silt and

sand were determined.

334 .ﬂycﬁs’auﬁﬁ Conductivity (U psaturated)

A plot of land 5m X Sm was marked out on the rice and maize plot, and ridges. were
constructed around the plots. The plots were then filled / saturated / flooded with water
for two days to allow water reach or sink to @ depth of 1Im. The plots were covered with

polyethene sheets to prevent evaporation.




goil samples WeI® collected at the required depth hourly for siX nours on the first day,
es collected were placed in tins, covered

wards. The soil sampl
o the laboratoty- The

and daily for six days after
with polyethene bags o prevent loss of gain of moisture and taken t
samples wetre weighed, and oven dried for nahrs and the dried samples were weighed.
The data obtained from the wet and dry samples Were used in calculating volumetric
hydraulic conductivity.

water content, which in turn was used in calculating

33.5 Bulk Density
points on the study site was cleared of vegetation, and then a core ring was pushed Lo
the soil to obtain goil samples at different depths. The moist soils were transferred 1nto 2
moiéture can. The samples Were taken into the laboratory and weighed. They were then

d for a day (24hrs) and after whi

ch the oven 18 gwitched off and it’s content

oven drie
allowed to cool off. After cooling, the samples were re = weighed.

3.3.6 Moisture Tension
This was measured twice in a week with an instrument called the field tensionmeter, at

depths of 0 — 30 and 40 — 60.

3 3.7 Water Table
Water was monitored by observing the piezometric jevel in the perforated gtandpipe. At
every change in hydrostatic pressure there was a change in water level. The piezometric

level was taken twice & week.

21




3.4 Field Tquipment Employed

3 4.1 Tensiometer

Measures the tension with which water 18 held in soils. It consists of a porous cap filled
with water and attached to a vacuull gauge Of mercury nanometer. A hole was dug n
the soil, a handﬁﬂ of loose soil was placed into ihe hole and the cup pushed firmly nto
the soil. Additional soil was packed around the cup and around the tube wherever
necessary to ensure ¢rm contact with the soil. A temporary connection was established
between the walel inside the cup and the water 10 the soil. As water in-the cup moved out
because of suction or tension existing in the soil water, & vacuum was created in the cup

and registered 1 the gauge.

3.4.2 The Piczometer

The piezometer consist of a p.V.C pipe of length of Zm and a diameter of Q.OSmm. The
pipe was perforated half way (1m) along it’s length using & hot nail. The perforated end
was completely buried into the ground {eaving the un — perl:‘orated end above the ground

level.

It measures the pore water pressure and the rise and fall of water table.




CHAPTER FOUR

RESULTS AND DlSCﬂSSE@N

The results from the field and laboratory are given below:

1 Seil Physical properties
indicates that the

4.
n table 4.1,

The result of the particle size analysis as presented 1
age of sand exceeds 60% at every depth. The percentage of silt and clay are
nited States Department of Agriculture), the

at of the rice plot was

percent

below 30%. From the Textural Triangle (U
plot was shown to the sandy loam, while th

soil on the maize

shown to be sandy clay loam.

Tables 4.2 and 4721 show the level of water in the piezometer O poth plots. The water
in the tubes rose whenever there was an increase in water table and fell whenever there

was a decrease in the water table.

and 4.3.1, indicates that

£ both soils as shown i Tables 4.3

The infiltration rate ©
infiltration decreased with time. The infiltration on the rice plot was lower than that of
the maize plot and this was due 10 the moisture content of the soils and the texture of the
raulic conductivity which decreases

soils. Tables 4.4 and 4.4.1, shows the unsaturated hyd

down the soil profile with respect L0 time.
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From Table 4.5, it can be seen that bulk density INCIeases down the soil profile and this 18
due to compaction. Moisture content increases down the goil as shown in Tables 4.0 and

4.6.1

Table 4.1 Pparticle Size Analysis Of Soil Samples

P

I

i

i ———

R ; I
Plot Depth 9% Clay 9% Silt Textural
Class ___|
0-30 65.20 16.40 18.40 Sandy - loam
40 - 60 68.10 12.80 19.10
030 60.50 29.15 10.20 Sandy clay - |
foam ‘n
40 - 60 66.90 21.50 11.60 B
Plot A —Maize
Plot B — Rice
Textural class gotten from U.S. Department textural classification.
Table 4 2DEPTH OF WATER IN PIEZOMETERS ( MAIZE PLOT
WEEK AFTER TUBE 1 () TUBE 2 (mx)
PLANTING o )
i — 318.2 O M1z
237.0 | 3515 R
516.7 4117
182.0
215.0 _.._/ﬂ(—)-()’/ |
B 319.0 B »//_j@,——-#—'
,_,,,.,3’_9,@_,/,__ 4260 N
8 T 4els 2090 |
) 608 — 33
—¢ B A
R S S— L — 274
12 342 478
13 514.5 468

e
i

(WD)
<o




421 DEPTH OFr WATER. IN PIEZO

08 4.1

0.4

METERS

(RICE PLOT)
- -
WEEK AFTER TUBE 1 (mun) TUBE 2 (mun)
PLANTING -
o 3983 391.7
185.9 140.7 |
2533 149’_9’/4
390.0 409.0
A :
132.5 12.0 |
B 371.0 396.0 .
37.0 132.0 B
75.0 145.0
419.0
761.0 764.0
- T “
- ég_l}l 6481
13 327.4 750.1 a_
14 849.3 898.5
Table 4.3: Infiltration Ra
Initial Depth Tocumulated Infiliration Infiltration
Infiliration Rate (cm/hr)
_d_(gﬂ/—mm ) (cm/mm)

R
0.9 10.8
1.6 8.4
22 P
3.3 6.6 {
48
M/,‘U., 3.6 ';
5.6 316 \
65 36
7.1 24 \1
75 /ﬁ.j
1.7 2.4
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Table 4.3.1: Infiltration Rate (M aize Plot) o IR

Initial Depth Charge in Accumulated Infiltration Infiltration
Infiltration Rate (cm/hr)
Time (mm) (cm) J)'glﬂﬂ0171) (cm/mim) (cm/mm)
0 15 ] - - -
1.6
Bk
1.1

olg
<
%\ 5

4.8
105 L5 038 48
Table 4.4 : Unsaturated Hydraulig:_f_(_)onductivity of Maize Plot
Water stored Time L AB kO

(cm) (hr) (cm) (cm/h)

LAO - change in water stored
At - change in time
KO - hydraulic conductivity
~ LA
Ko - ————ﬁ—
At ’

Table 4.41: Unsatu@ted Hydraulic Conductivity of Rice Plot

Water stored Time L A0 At k0
(ci) (hr) (cm) (h) (cm/h)
-4.1 i 4.1
-6.6 5 132 ‘
-1.2 12 0.1
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Table 4.5 Matric Potential , Corresponding Moisture Content and Bulk Density 3
\ ~B\ﬂk Density (g/em’)

~ Matric Potential (CB)

42 Soil Moisture Status

The quantity of water available at the depth of 30cm and 60cm for both crops at different
weeks with corresponding moisture content, and matrix potential is shown in Table 4.6

and 4.6.1.

From both Tables (4.6 and 4.6.1), it was observed that the higher the moisture content,
the lower the tensiometer reading and vice-versa. This is also confirm in figure 4 through

figure 4.3.

43 Soil Moisture Balance

The total amount of rainfall during the growing season of maize was 817.2mm and that
of the rice was 620.8m as shown in Tables 4.7 and 4.7.1

The crop consumption use of both crops, during their three distinct stages of growth
(germination, flowering and maturity) is shown on table 4.7. The total crop consumptive

use for maize and rice is 198.32mm and 168.34mm respectively, as shown in Appendices

Dand E
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44 Grain Yield
The maize wWas harvested on the 18 of September 2001 with a total yield of 0.75 t/ha.
While the rice was narvested on the 21 October 2001 with a total yield of 0.42 t/ha.




o+ Matric Potential (Maize Plot)

Table 4.6 Quantity Of Water With Corresponding .
AT 30CM AT 60CM
WAP MATRIC POT ENTIAL MOISTURE QUANTITY OF MATRIC MOISTURE QUANTITY OF
CONTENT (%) WATER ( i) POTENTIAL CONTENT(%) WATER (mm’)
(CB)

(CB)

WAP - Week After Planting

_ — Moisture Content X Bulk density

Quantity Of Water
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Suction CB (tensiometer amm&b@
Fig.4.1: Graph of Moisture Content Against munﬂo: at 60cm {maize)




ponding Matric Potential (Rice Plot)

Table 4.6.1° Quantity Of Water with Corres
AT 30CM AT 60CM
wap | MATRIC POTENTIAL MOISTURE - QUANTITY OF MATRIC MOISTURE QUANTITY OF
(CB) CONTENT (%) WATER (mm’) POTENTIAL QQZMm.ZH«&\V WATER @%&
| _ (CB)

1 3.10
2| 43 27133 331 27 23 397
‘ 3 | 2533 , 3.07
| 5 24 .64 798%

4 25.99 3
6 3
7 3
w m |
@ @ |
25.78 319
20.3% 2
2

14

WAP - Week After Planting

Quantity Of Watet = Moisture Content x Bulk density
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Table 4.7 : Distinct Growth Stages of Rice with Corresponding Amount of Rainfall, Ey, and Ey

Stage of growth *Decades Amount  of | Ex Crop | *Difference Etp BMN | Total Total Ey
Rainfall (mm/day) (mm) calculated Rainfall (mm/day)
(mm) (mm/ day) (mm)
Stage 1 (Initial) | 1% 70.6 1.42 69.18
2 58.4 5.66 52.74
2.52 209.6 182
3 80.6 11.07 69.53
Stage 2 (Crop | 1" 74.6 18.04 56.56
Development) o 152.8 23.48 129.32
- 2.81 262.5 74.56
3 35.1 33.04 2.06
Stage 3 ® 118.6 31.74 86.86
ad ;
Zm 14.5 25.74 -11.24 44 148.7 7558
3 15.6 18.1 2

*Difference between Rainfall and Eq.
* Decades : Dividing each month into three parts made of ten days.

Table 4.7.1 : Distinct Growth Stages of Maize with Corresponding Amount of Rainfall,

Ey, and Ex
Stage of growth *Decades Amount of | Ex Crop | *Difference Eip  BMN | Total Total By
Rainfall (mm/day) (imm) calculated Rainfall (mm/day)
(mm) (mm/ day) (mm)
Stage 1 (Initial) | 1% 170.5 2.16 168.34
2™ 46.8 7.72 39.08
3.76 352.9 24.66
31 1356 14.78 120.82
Stage 2 (Crop | 1% 82.5 22.44 60.06
Development) 2™ 8.1 30.82 22.72
- ‘ 3.28 195.9 88.92
3 105.3 35.66 69.64
Stage 3 1" 88.6 34.06 54.54
nd
—gﬁr ;;4'8 ;g'ég ;26'12 331 268.4 84.74

*Difference between Rainfall and Ei,

Table 4.8 : Monthly Value of Temperature, Relative humidity and Radiation Ratio

Year 2001

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

Ratio (rf)
January 27.7 311 73 0.091
February 29.9 30.1 7.7 0.096
March 31.6 44.9 6.8 0.085
April 30.4 57 73 0.091
May 28.9 61 71 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 of Meteorological services Nigeria Airways Minna.
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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 a crop, falls below or above that required by the

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

In Nigéria 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 vyield of 1.3 — 1.8t/ha.(Yayock, 1988). About 74% of ';he 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 of the 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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stage 3 (late season) of growth, the rainfall exceeded that required by the crop in the first
decade but at the 2™ and 3™ decades, there was deficiency of water, especially in the ond
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
rainfall range of (800 — 1500) by Yayock (1988). Taking a look at figure 4.7 , between
the 80™ and 90% 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 of Rice (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

45.1

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 rainfall exceeded that
required by the crop. According to Micheal (1994), the yield of maize can be reduced
considerably, especially 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 of the second stage, where rainfall was deficient by 22.72mm,
which corresponds to the 50" day as seen of figure 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 livestock. 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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Rainfall, Et, and Et, for an average of 14years (1987 —‘2000), was also analyzed and the
result 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 l4years average (see Tables 4.7 and 4.7.1 and
Appendix H)
Comparison Of Yield With Respect To Rainfall

The average monthly rainfall 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 seedling and flowering, due to it’s
sensitivity to excess water (Micheal, 1994). During the course of the experiment, it was
observed that livestock was another source of disturbance which affected the yield of

maize.

Tt was observed that the average monthly rainfall of 206.9mm in 2001, gave a yield 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 of 2000 (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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5.1

CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS

Conclusion

The following where established during the experiment.

()

@

€)

The total rainfall during the growing season of any crop may exceed that required
by the crop, what is more important is the rainfall 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.

From the comparison made, it was observed that the average monthly rainfall
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 rainfall, this
led to a decrease in the year 2001 ( 0.75 t/ha). The yield in year 2000 was 1.3 t/ha.
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 a considerable amount

of water for optimum yield.
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52 Recommendations

At the end of the experiment, the following were recommended:-

(1) To obtain a good comparison, the crops have to be grown in a secluded
environment, from any form of environmental 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) Rainfall should be supplemented by irrigation where it is insufficient.
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. APPENDIX B

IMPORTANT DATED

bice

A

Planted on the 20 july 2001

Feight after a month

Height after two months

hit belore harvesting 96.3cm

~. ©

15" August 2001

ites of Weeding: -

#

W .
5" September 2001

boer .
22" September 2001

Fertilizer application: - 17" August 2001

25" September 2001

e

Fertilizer applied and quantity

o ) ' T
Harvested on the 2 ™ October 2001 .
Total yield 0.42t/ha
56
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£ .

blanted on the 29" June 2001

L leight afler Two weeks = 38.10cm

feight after a month 71.10cm

cight-before harvesting = 195.0cm
started tassclling al approximately a month and two weeks aller planting
Dates of Weeding © - 7™ July 2001 ' )
21% July 2001 o
4™ August 2001
18™ August 2001
Fertilizer Application : - 7% July 2001
4™ August 2001
Fertilizer applicd and quantity N.P.K 20 ¢ 10: 10 ( 10kg/ha)
Harvested on‘the 18" September 2001 o

(“ . .

Total yield = 0.75t/ha
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PPENDIXC

CALCULATION OF BULK BENSITY

. ., . ~ . ) \\\_ - . . . ~ .
wlk density (Py) = weight of moisture can + oven dried soil — weight ol moisture can

- h L
s — . .

Volume of soil

Voluwe of soil volume of core ring

O
Volume of core ring = Tu'h
Where 11 3.142
T = Jem (radivs of core ring)

cm (height of core ring)

(o

volume of soil

3142 x (3)" %6

- 169.6em’

At depth of 30cm

Bulk density =

At depth of 60cin ‘

Bulk density
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APPENDIX D

EVAPOTRANSPIRATION AND CROP CONSUMPTIVE USE (RICE)

~

C_ f(04ST + 8 (520-R7H/100 | _;
Eyp x ke - Ee N | | .
Egp = potential evapotranspiration (mm/day) |
Eie = crop evapoiranspiration (mm/day) ) |
ke = crop coefficient
T = Temperature
R = Relative humidity v .
if = ratio of maximum possible radiation to annual maximum _ >

1% stage of growth ( July — August)

Eyp = Eyp July + Ep August

2

_ 286+237 _ 5 symmiday

2 ———— e

. B, = 252 x055

= 1.39mm/day
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stage of growth { August = September )

By dSepten iber

i August

2
i

’.’)7 A 2 f’)/‘_
230+ o2 g gimm/day

,7 :."—,__.’-——v-""“'“'::::,_-m""'—":

3.23mn/day

et g

314 gtage of growth {(Seplember = Qctober)

September Ey, October

L

4 dmny/day

1.32mm/day

et
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APPENDEX E |

TION AND CROY CONMSUM PTIVE USE (MAVLE)

L, June + By July

[T PRI
< ig) .
e T

4384218 S
o A00He P g Jemm/day

:
2 N
L e =

E 3,76 % 0.43

1.2 hmmw/day

2 aae of growth (July — August)

[l
By July + Eg August , i
— B .
. , :
Le
4 ~ T
3148409 oy A
2 10T S22 = 328mny/day
- Y
2— P sl s S
3.28 x 1.10 _
3.6 mm/day
i ~ &
3 stage of growth (August = September)
i, August F L, Sepiember
2
i ~ ' ™~
= 331mw/day -~ , —
y e T TR N T

1. 82mu/day

T
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APPENDIX F

The daily rainfall from the day of planting t0 the day of harvesting is given below .

For year 2000 (Rice), |
1 month/‘(fl 2" June — 11" July) = 18>7tSmm
2 month (12" July — 11“" ‘Aﬁg.) = 238mm
3% month (12 Aug. - 11'“1 Sept) = 384.7mm
Total yield = 0.63t/ha
For year 2000 (Maize )
1 month (10" June — 9" July) = 193.5mm
2™ month (10" July — 9" Aug) = 192.6mm E
3% month (10" Aug. —9" Sept) = ~ 36l.6mm o
Total yield =13t/ha ‘
For year 2001 (Rice)
1* month (20" July — 18" Aug) = 209.6mm |
2™ month (19" Aug. — 17" Sept.) = 262.5mm
3 month, (18" Sept. —21% Oct) = 148.7mm
Total yield = 0.42t/ha “
| - A

— T




For year 2001 (Maize)

1# month (22" June — 21% July)
2" month (.22“d July — 21 Aug))
3 month (22“d Aug. — 18" Sept.)

Total yield =07 5t /ha

s

i

352.9mm
195.9mm ,
268 .4mm

- :
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APPENDIX G

) /1177_{);;}7(—11-7;}7_ 1\"10/7[‘11/1.‘)(110#
13.5 September 30

{ablu& vl}i‘xi‘all Date ot For Year 2000

S e
Amount (mm) r—\lummi)me __ﬁll?l()ltl?l()‘lili?) ;

N M(mlh / l)m'e

uly2 (214 [October _
July 29 87 Qctober 5 .

______ July 30 | 038 B October 7 2.0
July 31 4.9 Ouobu N 4.0

()Ltobu [
Oolobu l)
“October bor 14
October 15
October 16

_Alu‘llol 2
Aunust 3
Auwus 8

Aummt 12
’\U“Ubl 13

/\ULU s 14

_Auvust 15
August 17

MW 17

\/Ln- 18
May l ‘)

May 25

May26 |15 [ Augusl 18| 8.0
| ay 27 August 19

‘ Mm_lﬁ‘_\__a_(_)___w__ ( August 21
Mayv 3 [ 112 '—/—\uzvust 23
June | X August 24
dunc 2 \ /\uuml 25
_hune 4 August 206
iunc 5 \ Augus st 27
a6 oa l August 29
hane _7 \ September | )
‘lj ung | 0 September 3 >

.wptunbu 0
‘wv)lunbu 9

Juic 14

Jum 15

September 10 |
‘bu stember 11
qmmbu 13 |
& gplunbu 14 1
Seplember 10

Seplember 19 )
Septomber 7U

hmc 7'?

uq)lunbu 21
bq)tunbm 25

September 24

"m tember 2\
«q)Lunm
_ :;L[)(CH)LI 27

_ }ulux 6 “__:_
inlv 16

h\l\ s
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T ﬂﬂ(,(u Ramlal‘. Dal bm Year ?O()l o o
_Amownl (HUR, donth/ate | /1;;10”11/(/)1/);) M(m!h Date_ | Amcmnr(nnn) ‘ .
iy 2 1. “October ber 3 "‘

___,,, _______ AL o ___(}Ctobc rd
' 0.2 - Octobcr 3

_.___ﬁ_- “—':“‘*_— . ——; 13503 Ouobu S
April 20 B | August 2 7 “October 10
Och)bil‘_l_()_

Apnl 3 LA ) _{}uuml i
/\qust 4 |

lell ZU

May 3

May8
May | 12 163

[\h\H

/\lwus 1 l

May 15 |22 ' _{359111&,12 I

M Ay l()

Ausm st l

May 29 A\wust 20

June |

/\uwu

sL 29

hmv 12

_i_ggc, H mplunb

}um i() 16 f‘;u)lu.lbﬂ_ﬁ&___

Jupe20 |0 September > |
June 21 ‘%cptombcr 8

Jum, 72
lum M
!um 2(»
]um z%
!un\, 2‘)
Eum 1()

_ uaplunbm 12
i Scptember 14 14
September 10 !()
*uc‘ptunbu 17
Soplunhu 19
ba,pu,mpcx 71

September 2 J

uupu,mb T 7.3

h\lv' __

.hll\




APPENDIX H

Average Rainfall Eg Eyp for 14 years (1987 — 2000)

aﬁmm E, BMN|E, BMN
Growth | of caloulated | calculated | (mm/month)| (mum/day) |
Rainfall | (mm/month) | (mm/ day) ‘ :
(mm)
1®Month | 1762 | 1125 1375 54 1.8
Maize o™ Month | 1872 | 114 3.8 125.4 4.18
3¢ Month | 240.1 | 702 2.34 38.7 1.29
1" Month | 1872 | 114 38 62.7 2.09
Rice 2™ Month | 240.1 | 70.2 234 108.9 3.63
3¢ Month | 213.5 | 101.1 3.37 30.3 1.01 !

See next two pages for Graph of Average Fitc and corresponding Rainfall
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Rainfall/Etc (mm)
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