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CHAPTER ONE: INTRODUCTION 

1.1 {;eneral background 

Evapotranspiration is one of the principal components of field hydrological cycle. 

It has been dermed as the quantity of water transpired by plants during their growth or 

related in the plant tissues plus the moisture evaporated fTom the surface of the vegetation 

expressed in depth 0 f water lost and used in a specific time. 

Soil moisture required in root zone can be considerably influence by the upward 

movemcnt of water from thl~ ground IhO tablc (GWT). 

In some cases this water represents the major source of water to the plants. 

Ilow much water will be transported into the root zone will mainly depends on the 

depth of the ground water table (owr) due to capillary forces is great and the rate of 

flow is low for light-featured sandy soiL The distance is small and the rate of flow is 

high. Irrigation systems provides the need and amount of water that is needed by plants 

vc:..=~ for their rc:g~rowth and development. 

The watcr halancc of an arca ucpcllds on Illdcrological f<ldors influencing 

precipitation and cropstraspiration II"om plants and thc soil and wcll as other factors 

influence of surface and sub-surface water movement soil infiltration, percolation and 

water storage capacity characteristics soils, crop species and develop storage and 

agricultural practices. 

1.2 Aims of the Project 

The project was carried out with the aim of establishing the follows: 

1. To determine the crop evapotranspiration coefficient for maize. 



2. To detennine the elTect(s) of water tahle depth on maize yield and maize water 

use. 

1.3 Justifications ofthe Objective 

In many developing countries like Nigeria a systematic investigation that attempts 

to assemble the various crop coefficients for various agro-ecological zones of Nigeria 

will bc a grcat contrihlltion to the food production em)rt in the country. 

IIowever, there is a need to develop local coefficients instead of lIsing assumed 

and generalized values because crop coefficients varies both with the crop characteristics 

and the climatic factor among others. 
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CHAPTRI{ TWO: LITF:I{ATtJl{E REVIEW 

2.0 Definition and Objectives of Irrigation 

Irrigation is the artificial application of water to soil to supplement the water 

available from rainfall and the contribution to soil moisture from ground water for the 

purpose of crop production. 

In an irrigation scheme the following arc the objectives: 

I. Fnsure enough IHOistllfc essential f()J" pkmt life. 

II. Provide crop insurance ngninst short duration drought. 

Ill. Cool the soil and atmosphere to provide a congenial atmosphere for plant growth. 

IV. Wash out or dilute harmful salts in the soil. 

v. Sofien the village pores. 

VI. Reduce hazards of soil piping. 

2.1 Methods of Irrigation 

Irrigation is accomplished through the rollowing methods: 

1. Sprinkler irrigation. 

2. SurHlcc irrigal ion. 

3. Sub-surface irrigation 

2.1.1 Sub-surface Irrigation 

Is irrigating by water movement upward from a water table located some distance 

below the soil surface. Some areas are naturally sub-irrigated where water table are 

within a metre or 2 metres of the soil surface. 
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SlIh-sllri:lce irrigal ion is lIsed fill' soils ll(lving (I low wa1l'r holding capacity and a 

high infil1ratioll. T"i~; Illcthod is l1lore cflicit'lit ill w;lkr than other systems and is 

adopted only Il1r special situation, in arid regions the upward movement of water and its 

evaporation at the soil surface results in salt accumulation, sub-surface irrigation works 

best where natural rainfall leaches any salts that may have accumulated. [Fundamentals 

of Soil Science pg 182-183] 

2.2 Soil Physical Properties Influencing 

Irrigation and Crop Yield 

Soil is made lip or three phase componcnts namely the liquid phase called soil 

moisture. solid phase made or mincrals. organic Illaller and variolls chemical componcnts 

and the gaseolls phase called soil air. The soliu phase incluucs soils particles and shape. 

Numerous lining organisms are included in thc soil as its constituent and thcse organisms 

include bacteria, fungi, algac, protozoa. Insccts and small animals which directly or 

indirectly affects soil structure and plant growth. 

2.2.1 Soil Structure 

In most soils the soil separates do not exist independently as single grains, instcad 

they are bound together in dusters called aggregates. The smallest aggregate is termed 

"Ped" 

The soil separates and the peds may further coalesce to form bigger aggregate of 

definite shapes which constitute soil structure. 

The soil structure ean be best studied in the field under natural conditions and it is 

described under three (3) categories, namely: 

1. Type (shape/arrangement of structural units). 
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2. Classes (size of aggregates or peds). 

3. Grade (degree of development or distinctiveness and durahility or strength of the 

peds). 

Aggregates arc c1assilied as line, medium or coarse depcllding on their si:t,es, soil organic 

matter plays a major role in soil aggregation. 

2.2.2 Soil Texture 

Soil texture refers to the fmeness or courscness of the mineral particles of the soil 

and it is commonly defined as the relative proportions of sand, silt and day. A soil 

texture classified as loam entails all three major size fraction occur in sizeable 

proportions. It is perhaps the most fundamental and most permanent soil property 

alTeckd very little hy lIorlllal soil management practices. 

It exerts cOllsiderable inlluellcc on the capacity or the soil to hold water and to 

circulate air. 

2.2.3 Soil Composition 

Solid phase of the soil IS composed of minerals constituents refers to as 

mechanical composit ion 0 f so iI. 

It consists of rocks particles developed by action of weathering or deposition in 

bulk by wind or water. Mineral soil particles are classified according to their size. 

Mechanical cOIllPosition of soils are gravel. sand. sail and clay. 

The gravel is or large size in diameter rangillg hctween 2 em and 2rnrn. Minerals 

of lcsser than 2 mm in diameter arc thc fmc earth, while salt and silt particles are 

approximately spherical or cubical in shape, clay particles arc plate shaped. 
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2.2.4 Chemical Nature of Soils 

Tltl~ lIIilll:rall'OIIIIHllIl:llls orsoil are 11I:ltk largely IIrsilica alld silicates. 

Chcmical composiliolls diITcrs from profile to profile which contains the larger 

particles higher silica while fine particles contain more potassium, calcium and 

phosphorus. 

A dominant minerals are quartz in sand, quartz and fieidsporcs in fine sand and 

silt, mica, vermiculitic monilmorilonite kaolinite and amorphous colloids in clay. [Dr. 

Osunde 1998 j 

2.2.5 Plant Structure 

The morpho logy (J r a plant consists 0 r roots. stem alld leaves. 

l,eaves arc horne throughout stem in all plants. These organs arc mainly 

responsihlc Ill[ the loss of water, pores and leaves are the stomata and sorounded by 

guard cells. The stomata regulate loss of water as vapour and exchange of carbondioxide 

in the leaf and other organs. The leaves maintain their continuity of structure with sterns 

which was conducting tissues which arc xylem and pholem. Xylem arc thc main 

channels or water transport. Root hair is largely involved ill water uptake. I Michael 

1978]. 

2.3 ('in'lIlation of W~lfcr and Nutrients in 1)lants 

From previolls research carried out it could be eoncludl'd that high water table 

affect the yield of maize and that lower water table favours the yield or crops (maize). 

The circulation of watcr from one cell to anothcr cell is achieved through osmosis, which 

involves mass flow of water through pores of different permeable membrane. 
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Circulation of nutrients in plants involves irons from soil to root surfaces, ions 

accumulation in root cells, circulation of ions from root surfaces into the xylem and 

fmally their translocation from roots to shoots. Plant nutrients like fertilizer. Fertilizers 

are substance that when applied to the soil supply those elements required in the nutrition 

of plan Is. 

Tisdale and Wclsof1 (1968) reported that if lertili:;,ers are properly applied to soil, 

it incn:ascs the product ivity of soil. 

Also Benjanlin (1991) reported that when fertilizers (N) are applied their response 

by maize is dependent not only on the amount of nitrogen supplied but also on the 

prevailing environmental conditions namely temperature, humidity and moisture. 

2.4 Evaporation, Transpiration and Evapotrans-

pirations 

FV:1f1Oration IS il prOlTSS which converts water into vapour, it occurs through 

absorption ofhcat energy. 

Evaporation of liquid water transformation to vapour from open water, bare soil, 

or regulation with soil beneath. Transpiration occurs as that part of the total evaporation 

which enter the atmosphere from the soil through the plants. 

Evapotranspiration - is one of the principal components of the field hydrological 

cycle, it is defined as the 4uantity of water transpired of plants lIuring their growth or 

retained in the plant tissue plus the moisture evaporated from the surface of the soil and 

the vegetatilHll'Xprcsscd in depth of water 10. ... t or IIscd ill <1 spccilied time. 

7 



Penman (1947) concludcd that potential evapotranspiration as the 

evapotranspiration from an activity growing short green vegetation completely shading 

the growth and never short ormoisture availability. [J.R. RydzcluskiJ. 

2.5 Water Relations of Soil 

(,l!III11an and Ma\llya ( 1 <)R(,) gave the aSSl'rt iOIl that irrigal iOIl wall'r becolJles very 

neccssary dill' to the ';u:t that a large alllollnt of irrigation waler would atlcct the 

suitability of the soil [or crop production. 

Water aITeets intensely many physical and chemical reactions of soil as well as 

plant growth. Soil serves as reservoir for water, pores spaces in soil on partly filled with 

soil air, liquid vapour and partly with liquid phase of soil water. 

2.5.1 Movement of 'Vater into Soils 

The movement of water from the sur.filce and through the soil is refer to as soil 

water int:lke. The IllOVClllent or water ill the soil involves variolls slales and direction 

walL'r moves amI also the '{II·n's that cause the mllvcment makes it complex. 

2.5.2 Infiltration 

It refers to the entry of water into the soil surfitee. Infiltration capacity is the 

measure o[ the extcnt a given soil under specified conditions can take in water. 

It is also qmmlitalive\y found to be equal to the diLTerenee between the initial 

moisture content and the moisture content at saturation. 

I nfiltralion rate is the rate 0 f water entry into the so it. 
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2.5.3 Plant Water Relationship 

The metabolic activity of cells and plants is closely related to their water content. 

Growth of plants is controlled by the rates of cell division and enlargement and by the 

supply of organic matter and inorganic compounds required for the synthesis of new 

protoplasm and cell walls. 

Water plays a leading role in the photosynthesis of a plant. 

Water is the major constituent of the living cell between 85% and 95% of the live 

weight of most plant tissues in plant. 

Water in the living cells is a universal solvent that carries essential nutrients 

through the plant and allows critical chemical reactions to occur. 

2.6 Maize (zea mays) 

Maize may be grown as a rainfed crop and under irrigation. 

BO'1JNY: It is an annual crop belonging to the grass family, it grows best in a 

rich well-drained neutral or alkaline soil because maize uses large quantities of nutrients 

from the soil, it gets materials in short numbers of days. 

Height varies from I.34m to 0.9m depending on the variety. 

Male flowers called vassels emergy after 50-60 days at the apex of the plant 

Female flowers called ~i1ks emergy from the leafaxills shortly after vasselling, 

the seeds are formed on cobs which are the compacted stalks of female inflorescences. 

The quality of maize detennines its use. 

Also maize forms the base of most livestock feeds and in particularly relished by 

poultry; cattle and pigs. 
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2.(d Mai:Lc Varicfil's aUlI Yields 

There are llIallY dinerent varieties of maiz.e grown III West Africa, they are as 

follows: 

I. Sweet maize - This is valued for its sweet flavour, this variety has a much higher 

sugar content than all the other types and it is usually eaten boiled or canned. 

2. Popcorn - This is an extreme foml of flint maize. It has small kernels (grains) on 

a small ear. It is fried in oil to make guguru. The starch granules arc enclosed in 

1. 

a wry tough alld clast ic memhrane. 

Floury maiz.e It consists or largely son starch which is surrounded by the 

corneolls layer ullder the pericarp. fl is grown mainly in southerly parts of 

Nigeria. 

4. Acul maize - It contains soil starch granules which are less densely packed than 

other types of maize. This result in the shrinkage of the starch within the outer 

layer orthe grain. 

5. rlinct Maize - It is very soJlly starch m its grains, examples of ninct maIze 

include Salllani 1:'>1. NS-I etc. 

2.().2 Clirmltc and Suils 

Temperature and rainfall affeeLs the moisture requirement and generaly more 

moisture is needed under tropical condition than under temperate conditions. 

Maize is sensitive to moisture around the vasselling and fertilisation and under 

tropical condition, a 15mm deficit of moisture in the 2 weeks around fertilisation will 

cause a great reduction in yield. Maize crop required optimal moisture at planting when 

the soil should be near field capacity. 
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Mail'.e is growlI 011 a v.'ide vmil'ly or soils. ()Ile esselltial requirelllent however is 

good drainage. Mail'.e crop will grow on lIlodcratdy m:idic soils but does hcst on soil 

with pH value of above 5.0. It can also be grown well on alkaline soils provided 

nutrients deficiencies are avoided. 

2.6.3 Planting 

Before sowing the land is cleared and tilled. The seeds are sown 2-4 cm deep at a 

spacing of 30 cm along the row. The space between row is 90 em, usually 16-44 kg of 

seeds are sown per hcctre for one crop. 

Smaller varieties with more erect fi)liage have a higher yield potential, when 

planted Illore doscly. Two or three seeds are sown per stand (hole). 

2.6.4 Weed Control 

Weeds do reduce the crop yiclds and maize is not an exception, the seeds should 

be planted on a well tilled soil, so that they ean grow before the weeds fully develops. 

Herbicides such as premixtrat, gisprin and gramoxone a non-selective herbicide is 

mixed and spray with the aid of the knapsack sprayer. 

2.6.5 Insects Control 

The treatment of the seeds with seeds dressing chcmicals like Acetallic 2% liquid, 

Apron-plus are lIsed bcli.nc planting. Also thc spray () r insecticide like Karate 25 ce, 

cymbush 25 ec, Actdclic 25 cc arc diluted with cleaned watcr and spray using the 

knapsack -sprayer. 

2.6.6. Harvesting and Storage 

Maize is harvested by hand in Nigeria and in most part of Africa. 
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Cobs are picked before they are fully ripe as sweet cob. Maize cobs are usually 

slorcd aner heing dried 10 1 J 10 11 pcn:cnl Illoislurc cOlllclI1. 

The grains arc dried to ensure good storage and sprayed to kill any pests or 

discasl' already prcscnt. 

12 



CHAPTER THREE MATERIALS AND METHOD 

3.0 Green House Description 

The green house is located on the outskirts of Badcggi village on kilometre 43 on 

the Bida-Suleija high way in Niger State and situated in the southern guinea zone of the 

savanna region in latitude 9°45' North and longitude 6(:07' East. 

Badeggi has annual rainf~lll amount of 1158.2ml11. The wet period falls within 

June to September, while the dry season is observed in November to March with less than 

31.4 mm of rainfall. 

Harmattan wind prevails for long period of time (December to March), 

temperature ranges from 30.Soc (September to December) to 36.t'c (March to April). 

3.2 Green House 

The experiment was set up in green house condition, the green house Elcilitates 

completely prevent rainfall for adequate study on the influence of sub-surface irrigation 

on the maize crop yield. 

The main dimension of the green house are length is 13.2 m, breadth is 6.3 m and 

the height from ground floor is 1.25m, net mesh height from wall to rafter is 1.8 m. The 

green house is covered with white transparent plastic to allow radiation of sunlight for 

photosynthesis to take place. 

For adequate water supply taps are installed in the green house to facilitate water 

application to crops. 



3.3 Design of Experiment 

Cylinderical containers were used for the experiment, the containers are of 400 

mm and 720 mm for internal diameter and depth respectively. Five water table depths of 

600 cm, 450 mm, 600 mm and 650 mm were used and with three replicates. 

The control containers were performed at the bottom, sandy-loamy soil was put 

into each of the containers, water was applied to the containers till saturation was 

established at different water table depth level by stopage of water through the 

prezometers in the containers. 

3.4 Data Observed 

Water applied at 10 days interval (water use) was recorded using the measuring 

cylinder via the prezometer. Plant height, leave areas, number of leave, stem diameter 

were all recorded at 10 days intervals. N.P .K. fertilizer of ratio 20-10-10 was applied at 

42 days after planting (aize seed). 5.0g ofN.P.K. fertilizer was applied per 0.125 m2(area 

of the container) with the recommendation of seven to twelve bags of 20-1 0 per hectare. 

Soil physical properties were also determined at 20 days internal (bulk density, 

moisture content, probity, soil texture). The maize crop were harvested after 90 days at 

planting, the crop yield (dry matter grain) were dried to a constant weight and adjusted to 

12.50% grain moisture on dry weight basis. 

The result of the data observed are presented in Chapter 4. 

3.5 Determination of Evapotranspiration Coefficients 

The crop evapotranspiration (ETO) was determined usmg the blaney-morin­

Nigeria ET model/Durn (1984). 

ETO=rf(0.45T+8)(520-R1.31/1000 ...... 3.1 
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Where rf is the ratio of monthly maximum radiation to annual maximum radiatiun. 

i.e. rf = monthly maximum radiation 
annual maximum radiation 

T Temperature °c 

R Relation humidity % 

ETO = Crop evapotranspiration 111m/day. 



CIIAPTEI~ FOlTR RESllLTS ANn nISC(JSSfON 

The p;lr;lI11etcrs IIlOlIitored during the dry Sl';ISOII (Sept Ike. I<)()I)) ill the green 

house environment arc disclIssed in this chapler. 

4.1 Leaf Area 

The raw data and analysed data of the leave measurement arc presented in the 

Appendix (A). The statistical analysis for variance of leave area in table (4.12) shows 

that leaf area are significant from day one after planting lip to 70 days after planting using 

the completely randomised design. It could be observed that at 75 days after planting the 

leavc arca arc non-signi licant. Tahle (4.1.2) display thc an<llysis of vari<lncc of leaf arca. 

This indicates that leaf area were about thc same dimension in length from the hase to the 

tip and till' maxilllulll widtll ilTl'spective or watl'r tahle depth of the treatments. 

Ilowevcr the leaf area diffcrence became significant at from 25 days after planting 

at 1 % level, 30 or 35 days after planting at 5% respectively as indicated in table (4.0). 

This shO\\'s that there are also diffcrence in the rate of watter use at differcnt watcr table 

deopth. from 68 to 90 days aftcr planting somc of thc leaves wcrc obscrvcd to be 

changing to yellow from grecn colour. 

4.2. Plant Height 

Thl' raw data and ;Jnalysl'd data of plant height ;Irl' prl'sl'ntl'd in thl' Appendix A. 

The statistics analysis of vari.mce of plant hl'ight ill table (4.1:;) shows that plant 

growth response to water use of the plants in all the five (5) treatments. Plant height are 

significant at 1 % level except at 25 days after planting which could be observed in table 

(4.13) that it is significant at 5% level. 
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1'1;llIt hcight is 1I11Il-sigllilic;lIlt at 2() d;IYs ;Il'tcr plalltillg. This cOlild he as a result 

or \v~ltcr up takc ratcs at di Ifercllt dcpths. 

It can bc said that plant roots devcloped Illst to enable it to tap soil moisture 

through capillary action even at deeper depth (65 cm). 

4.3 Water Use 

The raw data of water use is presented on Appcndix (A) while thc analysed data is 

given in table (4.14). The analysis of variance of water using statistical analysis shows 

that all treatments arc significant at 1% levcl except at 20 days after planting which is 

sigllilic;1I11 at 5'~j, il'vcl. 

Thcsl' cOllsidcrahil' di ITcrcllce ill water lISC ;Irc duc to di l"lLTcllce III water table 

dcpths in thc containers ill which plants wcre grown. 

In table 4.2 it can be observed that water lISC at the 10 days interval are 3.01 em, 

1.29 em, 1.35 em, 1.12 cm and 1.23 em for the 30 em, 45 em, 60 em, 65 em and free 

drainage of water tablc depths respectively. 

The eommulative water use for 90 days arc given in table (4.3) the values are 

62.87 em, 46.64 em. 40.68 em, 30.44 cm, 25.29 Clll for thc water table depth at 30 cm, 45 

em, 60 cm, 65 em and free drainage respcctivcly. 
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TABL~ 4.0 

---- - --- - -- - .. AVERA(JE--WATI':R REPUCATLS 
TABLE 

DEPTII (cm) RI R2 RJ X 
30 0.01274 0.01664 0.01508 0.01482 

45 0.02048 0.0185 0.01508 0.01802 

60 0.01144 0.0102 0.02010 0.01391 

65 0.0171 0.02516 0.02312 0.02177 

FD 0.0168 0.0070 0,0189 0.01423 

I 

LEAVE AREA FOR 30 DAP (m2
) 

WATER REPLICATES AVERAGE 
TABLE 

DEPTH (cm) RI R2 RJ X 
30 0.0243 0.0340 0.0377 0.0320 

45 0.0384 0.0275 0.0362 0.0340 

60 OJl360 0.0210 O.OJ(d 

I 
O.OJ! 0 

65 0.0396 0.0424 0.0436 0.0418 

1"1 ) ().().2(),~ ( l.()40() O,()22.l 0.0277 

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

IS 



LEAVE AREA FOR 40 DAP (m2
) 

WATER REPLICATES AVERAGE 
TABLE 

DEPTH (cm) RI R2 R, 
X 

30 0.0399 0.0832 0.0558 0.0596 

45 0.0550 0.0480 0.0425 0.0480 

60 0.0618 0.0468 0.0516 0.0534 

65 0.0450 0.0520 0.0369 0.0446 

FD 0.0460 0.0430 0.0534 0.0475 
-~ --

LEA VE AREA FOR 50 DAP (m2
) 

WATER REPLICATES AVERAGE 
TABLE ---

DEPTH (cm) 
RI R2 RJ 

X 

30 OJ)842 0.0630 0.0480 0.0651 

45 0.640 0.0530 0.0580 0.0583 

()O O.O().') I 0.0.') I 0 (U)489 0.0550 

().') 0.0485 0.0530 0.0402 0.0325 

FJ) 0.0588 0.0547 O'()588 0.0574 
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LEAVE AREA FOR 60 DAP (m2
) 

WATER REPLICATES AVERAGE 
TAnLl~ _ .. 

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

DEPTII (em) RI R2 I{ I X 
... _--_. 

---_.+ .• _-

30 O.O(J()() 0.0744 O.()552 O.O()]O 

45 0.0630 0.0602 0.0736 0.0656 

60 0.0630 0.0539 0.0623 0.0597 

65 0.0609 0.0611 0.0108 0.0767 

FD 0.0714 0.0630 0.0540 0.0628 

LEA VE AREA FOR 70 nAP (m2
) 

------- ~ r---.---~ - ----------------~------.. _--- ---_.- -----~-~------------- ----
WATER REPLICATES AVERAGE 
TABLE 

RI R2 l~ , 
DEPT} I (em) x 

30 0.0784 0.0588 0.0543 0.0638 

45 0.0636 0.0420 0.0701 0.0588 

()O 0.0534 (U)()72 (U)5()--l O.O(}OO 

65 0.0864 0.0824 0.0430 0.0706 

FD 0.0624 0.0398 0.0654 0.0588 
. -~.~ ~- . "-- -- -_._-- - ---~-.-.--- ~--------------~- ----.-
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LEAVE AREA FOR 80 DAP (m2
) 

WATER REPLICATES AVERAGE 
TABLE 

DFPTII (em) RI R2 1<1 
X 

--.~- - - ~- ---- - --- ------~------- - -- -~ ---- - - ."- --- -----------
.10 (J.()(IX4 0.0545 o.O() 14 O.O()14 

45 0.0()40 0.O43() O.053X 0.0538 

60 0.0568 0.0424 0.0496 0.0496 

65 0.0120 0.0821 0.0570 0.0734 

fD 0.0399 0.0604 0.0514 0.0505 

LEA VE AREA FOR 90 DAP (1112) 

. _--_._----- - . -_.- ---------- --~--.-.--- -------_. - - _. - -- . -.- "-"---'~---- --- --A VElfi\CJTr WATI~R REPLICATI·:S 
TABLE 

DEPTH (em) RI R2 R3 X 

30 0.0674 0.0539 0.0606 0.06007 

45 0.0631 0.0421 0.0526 0.0526 

60 0.0567 0.0417 0.0464 0.0481 

65 0.0782 0.0781 0.0546 0.0708 

FD 0.0374 0.0564 0.0441 0.0460 
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TALE 4.1 

PLANT HEIGHT 20 DAP (cm) 

WATER REPLICATES AVEru\~ 
TAI3LE 

I~ I R, R\ 
()I~PTII (l'lll) x 

~------ -.~-- ------ -~----------- - ~~ ---- ~ ~ ." -_.- -_._-"----
30 20 1 () 21 IC).OO 

45 20 21 IX 19'()7 

60 16 1 R 16 16.67 

65 20 24 19 21.00 

FD 22 22 16 20.00 

PLANT HEIGHT 30 DAP (cm) 

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

WATER REPI "CATES 
TABLE ----~.-.--.- ~~ -- ~ --~ ---T ~-~--~--

DEPTII (em) R, R2 R\ x 

30 28 25 26 26.33 

45 29 25 27 27.00 

60 26 31 36 31.00 

65 30 28 34 30.67 

FD 30 29 26 28.33 
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PLANT HEIGHT 40 DAP (cm) 

WATER REPLICATES AVERAGE 
TABLE 

DEPTH (em) RI R2 R3 
X 

30 38 45 37 40.00 

·1) (d (10 )2 57Jl7 

(10 51 72 67 (IJ.JJ 

65 59 70 66 65.00 

FD 58 60 49 55.67 

PLANT HEIGHT 50 DAP (cm) 

WATI ':R ----~. ---- -------~-R...,."E-,--P.,.-Ll',--c/\Tr·:~< - ------~-----~-­ AVERAGE 
TABI.E 

DEPTII (em) x 
30 82 92 88 87.00 

45 84 100 110 98.00 

60 88 103 62 84.33 

65 88 93 84 88.33 

FD 68 90 87 __ 1---___ .......l 81.67 
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PLANT HEIGHT 60 DAP (em) 

WATER REPLICATES AVERAGE 
TABLE 

DEPTH (em) 
R, R2 Rl X 

]0 XO 10<) 70 X6.:n 

45 <)0 8<) 102 93.67 

()() 91 110 I I <) I06.()7 

(») l)X 100 92 9(1,() 7 

FD 80 I I <) 120 106.33 

PLANT HEIGHT 70 DAP (em) 

WATFR REPJ .lCATFS AVERAGE 
TAHI ,I~ ~~ ~- - ------- - ~~ --

DEPTII (em) 
R, R~ Rl 

X 
--"---- ----.--_._---- -_._- ._------- --"- ---------- - . _.-,-- ~~ ~ .~ --- -.--- -~-

30 X2 110 71 X7.67 

45 <)4 91 103.6 96.20 

60 91 1 1 I 120 107.33 

65 160 102.8 98 100.27 

FD 113 122 81 106.00 
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PLANT HEIGHT 80 HAP (em) 

WATER REPLICATES AVERAGE 
TABLE 

DEPTH (em) RJ R2 RJ 
X 

30 126 114 71 103.67 

45 154 116 110 126.67 

60 100 lOR 1 J4.6 114.20 

65 12R 130 99 119.00 

1-'1 ) 1~4 X] 120 IOX.67 
---_.- -

PLANT HEIGHT 90 HAP (em) 

WATER REPLICAI'ES AVERAGE 
TABLE 

RJ R2 R:l DEPTJI (em) x 
---------.. --- ----- .. _-" .. ---------------- _.-----. ---- - -- ---------

]0 12() 113 72 104.33 

45 15] 11 () 110 120.33 

6() 100 107 135 114.00 

65 127 131 9R 118.67 

FD 124 83 120 109.00 
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TABLE ".2 

WATER APPLIED 10 DAP (mm) 

WATER REPLICATES AVERAGE DAILY Cll 
TABLE RI R2 Rl 

DEPTH (em) x mm/day 
30 29.70 30.10 30.40 30.00 3.01 

45 25.40 20.80 22.40 22.85 2.29 

()() 21.·10 I <)AO I ().()O 17.27 I.n 

(») 1l.1 () 17.10 X.Xo 11.05 1.11 

rD 10.70 10.20 10.00 10.30 1.03 

WATER APPLIED 20 DAP (mm) 

WATER REPLICATES AVERAGE DAILY ell 
TAB! ,F - ""- -- ---- .. _---------

DEPTII (el11) 
RI I(~ /{I 

X I11I11/day 
._-------. -,,-. .----- -- - -- .. _-- '-_."-- - --_. __ .- .. ._--" .. - -. _. - --- .. " .-'-- ---"---._-

:w 31.XO 31.XO 3/.XO 31.XO 3.1 X 

LL~ 27.<)() 19.55 2).()2 24.)() 2AS 

60 21.00 22.96 11.10 18.70 1.87 

65 14.90 17.96 9.10 14.00 lAO 

FD 11.92 10.74 10.51 1 1.05 I. I 1 



WATFI~ APPLIED JU HAP (mm) 

WATER REPLICATES AVERAGE DAILY Cli 
TABLE 

DEPTH (cm) RI R2 R, X mm/day 
30 29.89 35.92 36.71 34.20 3.42 

45 27.10 24.34 24.74 25.40 2.54 

60 26.18 23.80 13.94 20.35 2.04 

65 15.94 18.10 19.70 14.70 1.47 

FD 13.20 12.55 11.63 12.45 1.25 
- ---. -- -- - - -- .... 

WATER APPLIED 40 DAP (cm) 

WATER REPLICATES AVERAGE DAILY Cli 
TABLE 

DEPTH (cm) RI R2 R3 x 111m/day 
30 38.30 37.51 35.92 37.25 3.73 

45 25.18 25.34 2(d~2 25.80 2.58 

()() 23.7X 23.02 23.94 23.()() 2.3() 

65 17.1 () 19.70 10.60 15.X() 1.58 

FD 14.10 13.20 13.07 13.45 1.25 



WATI~R APPLIED 50 nAP (mm) 

WATER RELICATES AVERAGE DAILY Cu 
TABLE R, R2 R3 DEPTH (em) x mm/day 

30 41.14 35.87 39.10 38.70 3.87 

45 25.00 27.72 30.92 27.95 2.80 

60 20.00 25.72 15.92 21.00 2AO 

()5 I (). 70 20.10 12.20 17.50 1.75 

1"1 ) IS.OO 15.70 13.W) 14.20 1.42 
.- --- --------- --------- ------- --- --.---

WATER APPLIED 60 DAP (em) 

WATER REPLICATES AVERAGE DAILY Cu 
TABLE 

DEPTH (em) R, R2 RJ x 111m/day 
30 44.22 42J») 41.04 42.00 4.20 

45 2(1'<17 30.0<) 30Jl<) 2().35 2.<)4 

()O n.53 26.32 27.12 25J») 2.57 

65 21.94 21.14 13.35 19.15 1.92 

FD 16.30 14.30 15.00 15.70 1.52 
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WATER APPLIED 70 DAP (l'm) 

WATER REPLICATES AVERAGE DAILY CLI 
TABLE --

DEPTI I (em) R, R2 RJ x 111m/day 
30 47.80 46.23 44.93 44.65 4.47 

45 31A4 31.04 32.50 31.50 3.15 

60 24.32 28.52 27.90 26.90 2.69 

65 22.94 15.35 23.14 20A5 2.05 

10'1 ) 1 X.20 1 ()AO I ().2() I ()A 'i IJ)5 
-- - .- -.. -~-. . -- -

WATER APPLIED 80 DAP (mm) 

WATER REPLICATES AVERAGE DAILY Cll 
TABLE 

DEPTH (em) 
R, R2 RJ x 111m/day 

30 20.00 32.73 36.73 29.R 2.98 

45 22.25 24.73 2:1.53 21.50 2.35 

()() 21.()() 23.30 25.4() ,'" ,~ _.)._) 
, ...... 
~ .. ).) 

65 19.40 20AO 13.40 17.75 1.78 

FD 15.00 14.70 14.20 14.65 1.47 
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\VA'n:R APPLIED FOI{ 9() DAP (111m) 

WATER REPLICATES AVERAGE DAILyeu 
TABLE 

DEPTH (em) RI R2 RJ x mm/day 
30 04.80 23.53 25.12 24.45 2.45 

45 19.25 22.43 23.13 21.60 2.16 

60 19.40 19.90 21.40 20.15 2.02 

65 17.60 15.40 11.40 14.80 1.48 

1:1 ) 10.70 11.40 9.HO )(U)5 1.07 
- -_._--

TABLE 4.3 Mean Water Applied (eM) at 10 days intervals 

WATER DA YS AFTER PLANTINC; 
TABLE 
DEPTII 10 20 30 40 50 60 70 80 90 Total 

(em) (em) 
30 3.01 3.18 3.42 3.73 4.30 4.00 3.47 2.98 2.35 62.19 

45 1.29 2.51) 2.7·t 2.9H .1.1)2 3.35 2.RO 2.35 2.1 () 4X.14 

()O 1.35 un 2.0·t 2. ()() 3.50 3.10 2.50 2.33 2.02 40.69 

65 1.12 1.40 1.52 1.58 2.40 2.70 2.40 1.80 1.50 33.34 

FD 1.03 1.40 1.51 1.72 2.20 2.10 1.70 1.60 1.30 28.09 
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The rate data of stcm diameter is prcscnted 011 Appcndix (A) whilc the analysed 

data is given in table (4.4). The analysis of variance of stem diameter using statistical 

analysis shows that all treatments are non-significant at 5%. This shows that the 

difference between the dilTercnt treatments is ncgliblc fhml table (4.15). 

TABLE 4.4 

STEM DIAMETER 2() DAP (em) 

WATER REPLICATFS A VFRACiE 
TABI,I-: - - ._-

Rl RI R2 
nFp,],11 (el11) :\ 

.. _---- ._--- - - - --- _ .. ---
JO 2.:U,O 26.7() 2X.1 () 2(,.4 7 

45 23AO 26.20 22.10 23.90 

60 22.00 27.40 21.00 23.33 

65 20.60 25.40 23.10 23.37 

FD 19.60 22.60 21.00 21.07 

STEM DIAMI~TF,R FOR 30 DAP (em) 

. _______ ._ .. " ---0- _. __________ ____ 0-____ - ----- ----_ . 

WATI':R I{ I ':1'1.1 (,ATI ':S A VI':RA(il': 
TA BI.Jo: .. 

I{ ! I{ I R,1 
1)1':1>'1'11 (Ull) :\ 

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

2X.()) 27.22 :W 2).()() 27.40 

45 24.60 26.40 22.40 24.47 

60 22.70 27.40 21.60 23.90 

65 21.60 26.40 24.80 24.33 

FD 19.80 I 23.80 2l.10 21.57 
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STEM DIAMETER FOR 40 DAP (em) 

WATER REPLI CATFS AVERAGE 
TABLE 

DEPT" (elll) 
RI R2 Rl 

X ----- .- --- - -- - ------------ --- --.-------:W 2X.O() 29.50 :1 O. (JO 2().17 

·~5 27.0() 2X'<lO 24AO 2(l.(l7 

60 25.00 30.00 24.60 26.53 

65 24.50 29.80 30.00 28.10 

FD 23.70 26.70 26.50 25.63 

STEM DIAMETER FOI{ SO DAP (em) 

WATER REPLICATES AVERAGE 
TABLE R, R2 R, 

DEPTH (em) x 
30 32.00 30.00 30.00 30.07 

45 30.00 30.00 28.00 29.33 

60 25.00 32.00 27.00 26.00 

65 27.00 32.00 37.00 30.00 

FD 26.00 28.00 27.00 27.00 
_._----
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STEM DIAMETER FOH. 60 DAP (em) 

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

-AVi':!{ATirr-W ATU{ REPIJ('ATI':S 
TABU·: 

DEPTII (em) 
--------- --- -.-,--------~--- - .. _-_. --- ------ -

RI R2 Rl X 

30 29 30 29 29.33 

45 28 24 28 26.70 

60 27 29 27 27.67 

65 28 30 31 29.67 

FD 29 25 28 26.67 
--

STEM I>lAMETEI~ F()I~ 70 nAP (l'm) 

------- ---.------- --_._--- - ----------._------- - -_._------ . - - .. _. -------" ------ ---- -------,--::-:-:--
WATER REPLICATES A VERAUE 
TABLE 

DEPTH (em) RI R2 R3 
X 

30 30 30 28 29.33 

45 27.50 25 28 26.83 

60 27.00 28 27 27.33 

65 29.00 30 30 29.33 

FD 28.00 24 26 26.00 
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treatment arc significant at 5% except at 40 to 50 days aner planting that arc significant at 

1%. 

Also the number of leaves shows that the number of leaves vary with the plant 

growth stages. 

4.6 Evapotranspiration Versus Water Usc 

The evapotranspiration of the crop (maize) lIslng Blaney Morin Nigeria model 

could be observed ill T"hk (4.11) which indicate high monthly conslimptive lise within 

the vcgitablc growth period or 30-60 days arter planting. The actual waler usc fill' water 

table depth or 30 CIll, 45 (lll, 60 cm, 65 cm and free drainage as follows: 62.87 cm, 46.64 

cm, 40.58 cm, 30.44 cm and 25.99 cm respectively as shown in table 4.3. 

4.7 G rain Yield 

The GRAINS yield at various water table depths are shown on Table 4.5 and with 

the analysed result. The statistical analysis of variance of grains yield shows that grain 

yield arc significant at I 'Yo level. 

It cOllld he ohscrvcd that the tre;ltlllcnts hcginning with high watcr application 

depth and production inLTeased rapidly with incrC,lse in watcr ;lpplic,ltiol1 depth. The 30 

elll water table yielded O'()583 kg of grain with cUllll1llllative water lISC of ()2.S7 Clll. 

The 45 Clll water table depth produced 0.0455 kg of grain with cllllll11ulative water 

use of 46.64 cm. The 60 cm water table depth gave 0.0365 kg of grain with clll11l11ulative 

water use of40.58 cm, the 65 cm water table depth gave 0.0293 kg of grain with 

cummulative water use of 30.44 cm and the free drainage yielded no grain with 

cummulative water usc of 25.29 cm, as shown in Table 4.3 shows the treatments of 30 

cm and 45 cm water tahle depth rccorded high grain yield but ()5 Clll is lower. The 30 cm 
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watcr table depth gave good free drainage and available soil moisture fix plant growth. 

Graphical presentation of grains yield and water usc is shown in fig. (4.5). 

TABLE 4.5 

Grain Yield (k~) (grain yield per containerl 

WATER REPLICATI·:S AVERAGE 
TAB! ,F ----- -~-~---- --- --- ~------ -------~---- ---- x 

DEPTII (em) 
I{ I R2 Rl T()TAL 

-~~-- --- - - ----------- .- --- - - - -- - --- ------ ---- ~---_I() 0.:2 1 1)·1 0.3140 0.1 :241) (J.(l.') X.I 0.2194 

45 0.0151 0.0175 0.0131 0.0453 0.0151 

()O 0.0121 0.0124 0.0120 O.03()5 0.0122 

65 0.0121 0.0144 0.028 0.0293 0.0098 

FD - - - - -

TABLE 4.6 

Summarized tahle nf Gnlin Yield (K~) per cnntainu 

W ATFR TABLE MINIMlJM ivLI\ >elM I J M-I MI·:AN YIELD 
DEPTII (em) YII~LD (kg) YIELD (kg) (kg) 

------------- --,.--~+ -. ----0.0 1249 
_. -~ ._-------- - -----_ .... --------~----------

30 0.3140 0.2194 

45 0.0131 0.0170 0.0151 

60 0.0120 0.0124 0.0112 

65 0.0022 0.0028 0.0020 

FD - - -
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TABLE 4.7 

ANALYSIS OF VAI~IAN(,E OF (;RAIN VIELD 

----
SOURCE DI~(iRI:E SUM OF MEAN COMPlJ- TAL3U-

OF ()F SQUARE SQUARE TED LAR F 
VARIATION FREEDOM r 5% 1% 

TREATMENT 4 1.064X I 0- 2.66X 10-- IS.33 3.48 5.99 

ERROR 10 -I .451 X I 0.2 -1.45XI0-.1 

TOTAL 14 9.IS3X I 0-2 

Cv 74.26% 
b* * significant at 1 % level. 

TABLE 4.8 

Stover Yield (kg) 

WATER REPLICATES TOTAL AVERAGE 
TABLE 

RJ R2 RJ 
x 

DEPTH (cm) 
30 0.0450 0.025 0.015 0.085 0.0283 

45 O.OJIO 0.0240 0.0280 0.083 0.02770 

60 0.0157 0.0324 0'()257 O.073S 0.02460 

(J5 0.02·+0 0.0215 0.0175 O.O(J.lO 0.0210 

1:1 ) 0.0121 0.0182 O.()O.l7 o .0.l40 (J.() II :n 
---- -----~-- .--.-~ -- --- -------- ._-- --- - - --- ------ ------------
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TABLE 4.9 

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

~lI·:Xf\rWEf(iTfr W ATU{ TA B 1,1.: MINIMIIM MAXIMIIM 
() I·: PT II (c 1\1 ) WI':I( illT (kg) Wf<:« illT (kg) (kg) 

- -----

30 0.0350 0.0450 0.02S3 

45 0.0240 0.0310 0.0277 

60 0.0157 0.0624 0.0246 

65 0.0175 0.0240 0.0210 

FD 0.0037 0.0182 0.0113 

TABI,I( .t.1 n 

Analysis of Variance of Stover weight 

SOURCE DEGREE SUM MEAN COM- TABU-
OF OF OF SQUARE PUTED LAR F 

VARIATION FREEDOM SQUARES F 5% 1% 

TREATMENT 4 5.49XIO·" 1.45X 1y4 1.9 3.48 5.99 

ERROR 10 7.62XIT4 7.62XIO·:i 

TOTAL 14 1.34XIO-3 

Cv 3X.65% 

4.8 Crop Coefficient (l<d 

Kc prescnts the relationship betwecn relerence evapotranspiration (ETO) and crop 

evapotranspiration (ETC) or ETCrop = Kc.ETO. 
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Where ETCrop is the rate of cvapotranspiration of a disease. Free crop growing 

in a large field under optimal soil conditions, including sufficientn IhO and fertilizer and 

achicving full productioll potential of that crop under givcn growing cnvironmcnt, 

including 11 20 loss. throllgh transpiration by thc vcgct;ltion and cvap0l"lltion from the soil 

surface and wet leaves. 111m/day. 

While ETO is the evapotranspiration Ii'om an extensive surface 8 to 15 cm tall, 

green grass cover of uniform hcight actively growing, completcly shading the ground and 

not short of watcr. 

The values of the given are shown to vary with the crop, its stages of growth, 

growing season and the prevailing weather conditions. 

Tllc LTOP coenicil'lIt (1'<) is obtained hy linking tllc actual crop evapotranspiration 

(ETcrop) to rc/erencc crop evapotranspiration (I~T(») as givcn in thc cquation below: 

Kc = Etcrop 
ETO 

The Etcrop is obtained directly by recording the amount of watcr added to crop at 5 days 

intervals while the ETO values are obtained by using the B1aney-Morrin-Nigeria model. 

The crop evapotranspiration of maize throughout the growing season and the 

cummulative water use shows a relatively lower values of evapotranspiration at the 

beginning of growing stages and increases during the period of rapid growth to a 

maximum and dcclining at maturity. 

The "allics or crop cocnicicnts (KJ ohtaincd rangcs hetwccn O.l2 and 1.20 for 

thediffercnt trcatment (I-bO) at different period of growing stages. Thc vmiation in these 

values establishes the fact that the crop coefficient varies with stages of crop maturity and 

time of the year and most importantly, it is influenced by the prevailing weather 
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condition (rainfall and temperature) at any given period of time. The Kc curves arc 

shown in rig. 4.2 for ]0 days intervals and fig. 4.1 ror only ]0 CIll water tahle depth. 

Thc crop codticil'nl \';l1ucs gcncralcd ;Irc prcscnled Oil l;lhlc 4, I 1;1104.111:. 

TABLE 4.11(a) 

Country: Nigeria 

Place: Bida 

Crop: Maize 

Date of Planting: Mid-Sept. 

Max. Crop duration: 90 days 

SEPT. 

OCT. 

NOV 

DI~C 

10-1)/\ Y 

PERIOD 
NO 

2 

3 

4 
5 

6 

7 

X 

9 

Latitude: 

Altitude: 

ETO Method: B.M.N. 

f(rU- -
( 111 III ) 

3.17 

3.24 

3.36 

3.50 
3.71 

3.59 

3.43 

3.35 

3.01 

I'T 
('I{()P 

(mm) 
3.01 

3.18 

3.42 

3.73 
4.30 

4.00 

3,47 

2.() I 

2.35 

WATER TABLE DEPTH: 30 cm 

40 

0.56 

0.95 

1101 

1.10 
1.20 

1.11 

I .O() 

(l.Xh 

0.78 

(-, i{(W---­

(iROWTII 
STAGE 

Initial 

Initial/crop 
Dev. 

Crop Dev 

Crop Dev 
Crop Dev 

Mid-season 

M id-scason 

I,ale 

Late 



TABLE 4.11 (b) 

Country: Nigeria Latitude: 

Place: Bida Altitude: 

Crop: Maize ETO Method: B.M.11. 

Date of Planting: Mid-Sept. 

Max ('rop duration: 90 days 

MONTI-! IO-DAY ETO ET Kc CROP 
PERIOD (mm) Crop GROWTI-I 

NO (111m) STAGE 
SEPT. I 3.17 1.45 0.46 Initial 
OCT. 2 3.24 2.59 0.79 Initial/crop 

Dev 

3 3.36 2.74 0.82 Crop Dev 

4 3.50 2.98 0.85 Crop Dev 
NOV. 5 3.71 3.92 1.06 Crop Dev 

() J.59 \.:15 o.(n rVI id-season 

7 3.43 2.RO 0.82 Mid-season 
-_ .. _----- ------ ----------

DEC 8 3.35 2.35 0.70 I,ate 

9 3.01 2.16 0.65 Late 

WATER TABLE DEPT/I: 45 em 
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TABLE4.11 (d) 

Country: Nigeria Latitude: 

Place: Bida Altitude: 

Crop: Maize ETO Method: B.M.N. 

Date of Planting: Mid Sept,. 

Max. crop duration: 90 days 

----- -- ------- --- -_ .. -~ --~--.-.- --- -- --- ,-- CROP MONTII IO-I)!\ Y FTO 1,:'1' Kc 
PERIOf) (111m) CROP GROWTII 

NO. e 111111) STAGE 
SEPT. I 3.17 1.4 0.35 Initial 
OCT. 2 3.24 1.52 0.43 Initial/crop 

Dey. 

3 3.36 1.90 0.44 Crop Dey 

4 3.50 2.40 0.54 Crop Dey 
NOV 5 3.71 2.60 0.7 Crop Dey 

6 3.59 2.40 0.67 Mid-season 

7 3.43 1.95 0.57 Mid-season 
------ --------.--.----~-. f----- -----.-- .--------

DEC X 3.35 I.XO 0.54 Late 

() 3.01 1.)0 0.) Lale 
----- .-.----~-~ - ---------------- --- --- .... ---- .- ------ - ._-._---------

WATER TABLE DEPTII: 65 cm 

.1 ' '-t_' 



TABLE .t.11 (d) 

Country: Nigeria Latitude: 

Place: Bida Altitude: 

Crop: Maize ETC) Method: n.M.N. 

Date of Planting: Mid Sept,. 

Max. crop duration: 90 days 

----------------- ,---------- .. -. --------- --~---- -.-.~ -.- - --" ------- -_._--- -- ---
M( )NTII 10·1);\ Y FTO 1':'1' K, ( 'ROP 

PEI{IOI) (111111 ) CROP (,ROWTII 
NO. (111m) STAGE 

SEPT. 1 1.17 IA 0.15 Init ial 
----- - -- ---". _ .. _-

~- ---~--. -- .+- ------ ------"---
OCT. , 3.24 1.52 0,43 Initial/crop -

Dev. 

3 3.36 1.90 0.44 Crop Dev 

4 3.50 2.40 0.54 Crop Dev 
NOV 5 3.71 2.60 0.7 Crop Dev 

6 3.59 2AO 0.67 Mid-season 

7 3.43 1.95 0.57 Mid-season 
DEC R 3.35 I.RO r---- 0.54 I,ate 

l) :U)) 1.50 O.S I,ate 
- -- -- - --- -- -~-- - - ---- --- - -- -- -- --------------~----

WATER TABLE DEPTII: 65 em 



TABI.I( .t.ll (l') 

Computation Of Crop \Vater Requirements 

Country: Nigeria Latitude: 9"45' North 

Plate: Bida Allitude: 

Crop: Maize ETO Method: B.M.N. 

Date of Planting: Mid Sept. 

Max. Crop duration: 90 days 

-------- - ------- -.-----.. -.-
MONTI I IO-I),\Y I 'TO 1':'1' /(, ( '({Of! 

PI~I{IOI) ( mm ) ('({()J> (iROWTII 
NO ( III 111 ) STAGE 

SEPT. 1 3.17 1.03 0.32 Initial 
OCT 2 3.24 1.20 0.37 Initial/crop 

Dev. 

3 3.56 1.40 0.42 Crop Dev 

4 3.50 1.80 0.51 Crop Dev 
NOV 5 3.71 1.10 0.59 Crop Dev 

6 3.59 1.95 0.54 Mid-season 

7 3.43 1.70 0.49 Mid-season 
DEC X 3.35 I.() O.4X I,;lle 

() 3.01 1.:;0 O.4~ I,ate 
-_._---" ... - - ----_. - --.. ---------.. ._- ----"--+-

WATER TABLE DEPTII: FREE DRAINAGE 
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PLATE 1: Pictorial view of maize crop 55 days after planting. 

PLATE 2: Pictorial view of maize crop 75 days after planting. 



CHAPTER FIVE CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

The following conclusion can be established that: 

1. Crop (maize) yield increased rapidly with decrease in water table depth (300 mm 

water table depth gave thc highest grain yield while 650 111111 water table depth 

gave the least grain yield). 

2. The erop coefficient (Ke) values generated ranges from 0.88 to 1.12 and felt to 0.6 

for the initial, developmental, mid season and late stages of the crop development 

for the 300 mm water table depth which gave the highest grain yield (0.6583 kg) 

3. The values of crop coefficient (Ke) largely depends on the level of reference crop 

evapotranspiration (ETO) and the frequency with which the soil is wetted by 

irrigation. 

5.2 gc_cnl1llllcndaCiJ)~! 

The following recommendation are suggested: 

1. The establishment of crop coefficient values (Ke) lor maize should be conducted 

throughout the entire year as opposed to the convectional growing season used in 

this study. 

2. Water table depth 0[300 m111.and 450111111 are recommended for maize (DMR-Yt) 

when operating under shallow water table condition for sandy loamy soils. 
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APPENDIX A 

TABLE 4.12 

ANALYSIS OF VARIANCE OF LEAVE AREA FOR 20 DAP 

SOURCE DEGREE SUM MEAN COM- TABU-
OF OF OF SQUARE PUTED LAR F 

VARIATION FREEDOM SQUARES F 5% 1% . 
TREATMENT 4 1.265XI0-" 3.17XIO-J 3.48 5.99 

ERROR 10 2.1 T2Xl0-4 2.172Xl0-5 145.91 ** 

TOTAL 14 3.344Xl0-4 

Cv 28.16% 

h** = Significant at 1 % 

ANALYSIS OF VARIANCE OF LEA VEA AREA FOR 30 DAP 

SOURCE DEGREE SUM MEAN COM- TABU-
OF OF OF SQUARE PUTED LAR F 

VARIATION FREEDOM SQUARES F 5% 1% 
TREATMENT 4 2.750XIO-" 6.875XIO-J 3.48 5.99 

ERROR 10 5.349XIO-4 5.349XIO-5 1.28* 

TOTAL 14 8.099XIO-4 

Cv 21.67% 

h** = Significant at 5% 



ANALYSIS OF VARIANCf: OF Lf:AVf: AIH~A FOR 40 DAP 

-- -
SOlll{( 'I': DHiRLI,: - - ~ -. -- ------SliM MI~AN C()M- TABlJ-
OF ( )F OF S()l JAR E PllTED LAR F 
VARIATION FREEDOM SQUARES F 5(% I (Yo 
TREAMENT 4 4.236XIO-'I I.059Xl (f" J.4X 5.99 

ERROR 10 1.269XIO-3 1.267X 1 0-4 8.36** 

TOTAIJ 14 1.69X I 0-) 

Cv 70.32% 

b** Significant at 1 % 

ANALYSIS OF VARIANCE OF LEAVE AREA FOR 50 DAP 

--
SOURCE DEGREE SUM MEAN COM- TA13U-
OF OF OF SQUARE PUTED LAR F 
VARIATION FREEDOM SQUARES F 5% 1% 
TREATMENT 4 1.839X 10-.1 4.596X 1 S-'l 3.48 5.99 

ERROR 10 4.496XIO-) 4.496X 1 0-4 75.16** 

TOTAL 14 6.335XlO-3 

b** Significant at 1% 
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ANALYSIS OF VARIANCE OF LEAVE AREA FOR 60 DAP 

SOURCE DEGREE SUM OF MEAN COM- TABU-
OF OF SQUARES SQUARE PUTED LAR F 

VARIATION FREEDOM F 5% 1% 
TREATMENT 4 1.317XI0-" 3.29X I 0-- 3AR 5.99 

ERROR 10 9.6 12X 10-4 9.6 12X I 0-5 1.3rs 

TOTAl, 14 1.093X 1 0-3 
-""--- ~~ ~ ------ -- .-- - --.-~- ---- -" - -- ~ _. ---

~~ .~~-.~--

Cv 15.69% 

b Non-significant 

ANALYSIS OF VARIANCE OF LEAVE AREA FOR 70 DAP 

SOURCE DEGREE SUM MEAN COM- TABU-
OF OF OF SQUARE PUTED tAR F 

VARIATION FR 1':I':J)O[\1 SQlIARI~S F 5%, 1(1., 
~-

3.071 X 1 0-.1 7.6XXI0-)- JAX 5.99 TREATMENT 4 

ERROR 10 1.39Xl0-3 1.394X 1 0-4 5.51 * 

TOTAL 14 1.702XIO-3 

Cv 18.93% 

b* Significant at 5% 
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ANALYSIS OF VARIANCE OF LEAVE AREA FOR SO DAP 

SOURCE DEGREE SUM MEAN COM- TABU-
OF OF OF SQUARE PUTED LAR F 

VARIATION FREEDOM SQUARES F 5% 1% 
TREATMENT 4 1.181XIO-J 2.953XlO-q 

3.48 5.99 

ERROR 10 5.563XIO-3 -S.S63XI0-4 I.OONS 

TOTAl, 14 -4.154X10-
.I 

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

b Non-significant 

ANALYSIS OF VARIANCE OF LEAVE AREA FOR 90 DAP 

SOURCE DEGREE SlJM MEAN --.---( '( )M- TABlJ-
OF OF OF SQUARE PlJTED LAR F 

VARIATION FREEDOM SQ{ lARES F 5% 1 (1() 
,'--_ •. __ ._ .. - - .~-..... - -- _._".,- --_. __ ._-----,. ... -.. - - - if _ .. _-. .- .. - -_. __ ._------
TRFATr-.1LNT 4 1.24X10" 3.IOlXl(r 3.48 5. (N 

I~RR()R 10 -X.74XX I {r' -XX07X 10-,1 -3.55X I Oll~ 

TOTAL 14 -7.51XlO-3 

Cv 53.16% 

b Non-significant 
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ANALYSIS OF VARIANCE OF PLANT HEIGHT FOR 40 DAP 

SOURCE DEGREE SUM MEAN COM- TABU-
OF OF OF SQUARE PUTED LAR f 

VARIATION FREEDOM SQUARES f 5% 1% 
-"---- - --" 

'l 
--_. ._._-- .. -- -_._-

'l'I{I':A'I'rvll':N'I' 117').21 2')4.XO lAX 5.')') 

ERROR 10 45().99 45.70 ().45 '" * 

TOTAL 14 1636.21 

Cv 12.00% 

b** Significant at 1 % 

ANALYSIS OF VARIANCE OF PLANT HEIGHT FOR 50 DAP 

solTf{C'Tr-- 15ECiI{FE 
-- - ---- --- -- -- --_. ""- COM.:--,-tABlJ-SUM MEAN 

( )F OF OF S()l 'ARI': PllTI':f) I.AR F 
VARIATION FREEDOM SQUARES F YX) 1% 

TREATMENT 4 462.22 115.56 3.48 5.99 

ERROR 10 1584.23 158.42 O.73 IlS 

TOTAL 14 2046.45 

Cv 14.3% 

b Non-significant 
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ANALYSIS OF VARIANCE OF PLANT HEIGHT FOR 60 DAP 

SOURCE DEGREE SUM MEAN COM- TA13U-
OF OF OF SQUARE PUTED LAR F 

VARIATION FREEDOM SQUARES F 5% 1% 
TREATMENT 4 903.73 225.93 3.48 5.99 

ERROR 10 2407.25 240.73 O.941lS 

TOTAl, 14 J110.97 
------~- --- ---. ~ ----- ----------. ---- -- -. __ .... -._._-

b Non-significant 

ANALYSIS OF VARIANCE OF PLANT HEIGHT FOR 70 DAP 

SOURCE DEGREE SUM MEAN COM- TA13U-
OF OF OF SQUARE PUTED LAR F 

VARIATION FREEDOM SQUARES F 5% 1% 
TREATMENT 4 728.34 182.21 3.48 5.<)<) 

ERROR 10 6278.79 627.70 o .2<)lls 

TOTAL 14 7005.12 

Cv 25.23% 

b Non-significant 
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ANALYSIS OF VARIANCE OF PLANT HEIGHT FOR 80 DAP 

SOURCE DEGREE SUM MEAN COM- TABU-
or or OF SQUARE PUTED LAR F 

VARIATION FREEDOM SQUARES F 5% 1% 
TREATMENT 4 959.13 239.78 3.48 5.99 

ERROR 10 7837.44 783.74 O.3111s 

TOTAL 14 8796.59 _. __ .... -

b Non-signi ficallt 

ANALYSIS OF VARIANCE OF PLANT HEIGHT FOR 90 DAP 

SOURCE DEGREE SUM MEAN COM- TABU-
OF OF OF S()lJARE Pl JTEO LAR F 

VARIATION FREEDOM SQUARES F 5% 1% 
TREATMENT 4 936.99 214.25 3.4X 5.99 

ERR(m ]0 5096.22 509.()2 _6X.94I1S 

TOTAL 14 6033.22 

Cv 19.76% 

b Non-significant 
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TABLE 4.14 

ANALYSIS OF VARIANCE OF WATER APPLIED FOR 10 DAP 

SOURCE DEGREE SUM MEAN COM- TABU-
OF OF OF SQUARE PUTED LAR F 

VARIATION FREEDOM SQUARES F 5% 1% 
TREATMENT 4 642.41 160.60 3.48 5.99 

ERROR 10 241.84 24.IX4 4.21 * 

TOTAL 14 884.25 
- -~--- --

Cv 2<).4()(~~) 

b* Signilicant 

ANALYSIS OF VARIANCE OF WATER APPLII~D FOR 20 DAP 

SOURCE DEGREE SUM MEAN COM- TABU-
OF or or SQUARE rUTED LAR r 

VARIATION FREEDOM SQUARES F 5% 1% 
TREATMENT 4 922.62 210.61 1.48 5.99 

ERROR 10 471.29 47.11 4.89* 

TOTAL 14 1393.91 

Cv 41.43% 

b* Significant at 5% 
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ANALVSIS OF VARIANCE OF WATER APPLIED FOR 30 DAP 

SOURCE DEGREE SUM MEAN COM- TAI3U-
OF OF OF SQUARE PUTED LAR F 

VARIATION FREEDOM SQUARES F 5% 1% 
TREATMENT 4 507.20 126.80 3.48 5.99 

ERROR 10 9.38 0.94 135.12** 

TOTAL 14 516.67 

Cv 16.49% 

ANALYSIS OF VARIANCE OF WATER AI)PLIED FOR 40 DAP 

SOURCE DEGREE SUM MEAN COM- TA/3U-
OF OF OF SQUARE PUTED LAR F 

VARIATION FREl-:DOM SQUARES F 5% 1% 
TREATMENT 4 490.27 122.57 3.48 5.99 

ERROR 10 1.40 0.14 10(l . .14 * * 

TOTAl. I ,.~ 491,67 
~-.. -- _. -_. __ ._-

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

Cv 10.01% 

b** Significant at 1 % 



ANALYSIS OF VARIANCF. OF WATF:R APPLlF.D FOR SO DAP 

·-----S()t JI{( 'i~: 

OF 
VARIATION 

TREATMENT 

ERROR 

TOTAL 

--~-

Df<:(iRI·:i·: 
()Jo' 

I·'REEI)OM 
4 

10 

14 

Cv 175.9% 

b Mpm-significant 

SlIM 
OF 

SQUARES 
6907.00 

6982.10 

-75.07 

MLAN 
S()lIARE 

1726.75 

698.21 

COM­
PlITED 

F 

ANALYSIS OF V AI~IANCF: FOR WATF:R APPLlI~n FOI~ 60 nAP 

SOURCE DEGREE SUM MEAN COM-
OF OF OF SQUARE PUTED 

VARIATION FREEDOM SQUARES F 
TREATMENT 4 1095.29 273.82 

ERROR 10 101.59 10.16 26.90** 

TOTAL 14 1196.88 

('v I X.O.1% 

b** Signilicalllall% 
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ANALYSIS OF V AIUANCE FOR WATI~R APPLlI~n FOR 70 nAP 

SOURCE DEGREE SUM MEAN COM- TABU-
or or OF SQUARE P{JTED LAR r 

v ARIATI()N I,' R I ': I ': I )( ) M S()IIARLS I,' 'i"/ • I (I I 'Yo, ---- -" _._----- --- -. -~-- ---I 42D5- - - ------ - _-__ 0 •• ___ •• __ ~ ____ ._ 

-"- ----------
TRI~ATMJo:NT 4 155.44 l.4X 5.99 

ERROR 10 14.40 1.44 246.9** 

TOTAL 14 1436.15 

Cv 6.28% 

b** Significant at 1% 

ANALYSIS OF VAI{IAN('I( FOR W A'n~R APPUI(U FOI{ XU UAP 

------ ---- • ___ 0- ___ 

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

SOIIRCI': 1>1,'( iRI ,:1·: SllM MI':AN ( '( >M- TABlJ-
OF OF OF SQUARE PUTED LAR F 

VARIATION FREEDOM SQUARES F 5% 1 (Yo 
TREATMENT 4 1040.92 260.23 3.48 5.99 

ERROR 10 -8462.67 846.26 0.3111s 

TOTAL 14 -7421.70 

Cv 118.93(Yo 

b Non-significant 
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ANALYSIS OF VARIANCE OF WATER APPLIED FOR 90 DAP 

SOURCE DEGREE SUM MEAN COM- TAI3U-
or OF OF SQUARE PUTED LAR F 

VARIATION FREEDOM SQUARES F 5% 1% 
TREATMENT 4 812.63 210.63 3.48 5.99 

ERROR 10 -8073.13 807.31 0.26 11S 

TOTAl, 14 -7230.50 
L---_ 

b Non-signi ficant 

TABLE 4.15 

ANALYSIS OF VARIANCE OF STEM DIAMKn~R FOR 2() DAP 

----- - - --- --- ----"- - -- - -- ----.~--~-.------ -- .. -.-~-- -- -- - - --- ~-- _.- -
"l7;\T~n----SOIIRCE DI':(;RFF SIJM rvt I·j\ N corvt-

OF ( ) I'- OF S()IIARI~ 1'1)'1'1':1) LAR F 
VARIATION FREEDOM SQUARES F 5 (Yo 1% 

TREATMENT 4 45.02 11.26 3.48 5.99 

ERROR 10 47.13 4.71 2.3911s 

TOTAL 14 92.15 

Cv 9.19% 

b Non-signi ficant 
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ANALYSIS OF VARIANCE OF STEM DIAMETER FOR 30 DAP 

SOURCE DEGREE SUM MEAN COM- TAI3U-
OF OF OF SQUARE PUTED LAR F 

VARIATION FREEDOM SQUARES F 5% 1% 
TREATMENT 4 48.45 12.1 13 3.48 5.99 

ERROR 10 50.51 5.051 2.4 l1s 

'r(YI'AI, 14 98.96 
'------------- -----

Cv 9.25% 

b Non-significant 

ANALYSIS OF VARIANCE OF STEM DIAMETER FOR 40 DAP 

SOURCE DE(JREE SUM MEAN COM- TABU-
OF ( )F OF S()l JARF Pl JTI ~l) LAR F 

VARIATION F R I ~ I ~ 1)( ) M SQUARES F 5(X, 1% 
----- --_._- --- ._--- _._-_. -- -- ----iT];S- --- ._.- -- -- - --- "- -------
TREATMI~NT 4 7.X<) J.4X 5.<)<) 

ERROR 10 54.27 5.43 J .4511s 

TOTAL 14 77.92 
--

Cv 86% 

b Non-significant 
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ANAL YSIS OF VARIANCE OF STEM DIAMETER FOR S() HAP 

SOURCE DEGREE SUM MEAN COM- TABU-
OF OF OF SQUARE PUTED LAR F 

VARIATION FREEDOM SQUARES F 5% 1% 
TREATMENT 4 -10900.80 2725.2 3.48 5.99 

ERROR 10 10972.37 1097.24 2.481ls 

Total 14 71.60 

b NOIl-siglli lic;lI1! 

ANALYSIS OF VARIANCE OF STEM DIAMETER FOR 6() HAP 

SOURCE DEGREE SUM MEAN COM- TABU-

OF OF OF SQUARE [lUTED LAR F 
VARIATION FREEDOM SQUARES F 5% 1% 

-
TREATMENT 4 24.67 6.168 3.48 5.99 

ERROR 10 77.33 2.Tn ?2()1l~ 

TOTAL 14 52.00 
.. -~- ... - .-. 

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

Cv 5.9% 

b Non-significant 



ANALYSIS OF VARIANCE OF STI~M DIAME'n:R FOI~ 70 DAP 

SOURCE DEGREE SUM MEAN COM- TABU-
OF OF OF SQUARE PUTED LAR F 

VARIATION FREEDOM SQUARES F 5% 1% 
TREATMENT 4 27.29 6.823 3.48 5.99 

ERROR 10 7695.70 769.57 8.86X 1 0-311S 

TOTAL 14 7722.99 

Cv 99.9% 

b NOIl-siglli lieall! 

ANALYSIS OF VARIANCE OF STEM DIAMETER FOR 80 DAP 

SOURCE DEGREE SUM MEAN COM- TABU-
OF OF OF SQUARE PUTED LAR F 

VARIATION FREEDOM SQUARES F 5% 1% 
TREATMENT 4 52.26 13.07 3.48 5.99 

ERROR 10 57.32 5.732 2.28 11s 

TOTAl, 14 109.39 

('v X.7()% 

b Non-sign i fieanl 
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ANALYSIS OF VARIAN(,I': OF STEM DIAMKI'ER FOR ')(1 DAP 

SOURCE DEGREE SUM MEAN COM- TABU-
OF OF OF SQUARE PUTED LAR F 

VARIATION FREEDOM SQUARES F 5% 1% 
TREATMENT 4 52.02 13.01 3.48 5.99 

ERROR 10 132.3 13.23 0.98 11S 

TOTAL 14 184.28 

(,,, n.2G% 

b NOIl-sigllilic:1nt 

TABLE 4.16 

SOIL PHYSICAL PROPERTY FOR 45 DAP 

DEPTH BULK MOISTURE POROSITY SOIL 
(em) DENSITY CONTENT % TEXTURE 

(g/em3) % 
0-20 3.325 0.759 0.758 Sandy Loamy 

20-40 3.293 1.724 1.701 " 

40-60 .1. ::·l6 3.371 3.mN " 

GO-SO 3.218 4.110 3.952 " 
-
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SOIL PHYSICAL PROPERTY FOR 60 DAP 

DEPTH BULK MOISTURE POROSITY SOIL 
( em) DENSITY CONTENT % TEXTURE 

(g/cm3) % 
0-20 3.21 R 2.660 2.597 Sandy I,oamy 

20-40 3.195 2.84() 2.771 

40-()O 3.166 0.295 3.707 

60-80 3.166 3.815 3.680 

SOIL PIIIYSJCAL PROPERTY FOR 75 OAP 

r----ncn ,K--- --MOISTllRI':--- ~ -~~ ~---_._--_. _.-
DEPTII P( m( )SITY SOIL 

(em) DENSITY CONTENT (Yr) TEXTURE 
(glcml) % 

0-20 3.134 2.951 2.854 Sandy Loamy 

20-40 3.134 4.390 4.193 

40-60 3.202 5.064 4.820 

60-80 3.134 2.655 2.588 
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SOIL PHYSICAL PROPELRTY FOR 90 nAP 

-----.--~ ----- ---- -----r-------- ---- '-,>( >R( )STTY------sUff:-D(O:PTII IHILK MOISTllRF 
(em) DENSITY CONTENT % TECTURE 

(g/cm3
) % 

0-20 3.257 0.939 1.390 Sandy Loamy 

20-40 3.267 0.444 0.444 

40-60 3.335 1.604 1.596 

60-80 3.261 5.125 3.788 

TARLE 4.17 

INFILTRATION RATI( 

-.~-----. - - --- ---- --- ------------ - -i\CCUMlJ=-- --i\YERAdf.: TIML WATFR READING I)II;I;I~I{I~N-

(min) LEVEL (cm) CE(cm) LATIVE INFIL-
(cm) INFIL- TRATION 

TRATION (cm/hr) 
(cm) 

00 11.00 11.00 - - -

50 11.00 4.50 6.50 6.50 78.00 

10 11.00 4.70 6.30 12.90 76.80 

15 11.00 4.70 6.30 19.10 76.40 

20 11.00 4.90 6.90 26.00 76.00 

25 I I. ()() 5.10 5.1)() ] I.IJ() 75.00 

30 11.00 5.10 5.90 37.80 75.60 

35 11.00 5.20 5.80 43.60 74.74 

40 11.00 5.40 5.60 49.20 73.80 
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! 

TIME WATER READING DIFFEREN- ACClJMU- AVERAGE 
(min) LEVEL (cm) CE(cm) LATIVE INFIL-

( cm) INFIL- TRATION 
TRATION ( cm/hr) 

(cm) 
-------- - - - ----- ----- ------- -------

45 1 1 .00 ().()O 5.00 54.20 70.70 

50 11.00 6.30 4.70 58.90 70.68 
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Step 1: 

Step 2: 

Step 3: 

I. 

II. 

Ill. 

IV. 

v. 

VI. 

Step 4: 

APPENDIX B 

Steps to compute analysis of variance are: 

Construct an appropriate outline of the analysis or variance of data from 

plot sampling based on the experimental design used. For instance the 

form or the analysis or variance is shown in ('hapter I(HII'. 

Construct the rcplication trcatment table or total (RT) and compute the 

replication total ®, the treatment totals (T) and the grand total (G). 

Compute the correction factor and the sum of squares. 

cf= G2/Trs 

Total ss = Ix2-cf 

Replication ss = IR2/ts-cf 

Treatment ss = IT2 -cf 

Experimental errors = L(RT)2/S-cr .. SSR-SST 

Sampling errors ss c Total ss ... (slim orothcr ss). 

For each source of variation, compute the mean square by dividing the ss 

by its corrcsponding degree of freedom. 

I. Rcplication ms = Replication sslr-l 

VII. Treatment ms = Total ss/t-l 

VllI. Sampling error ms = sampling error ss/(r-l )(t-l) 

IX. Sampling error ms = sampling error ssltr(s-l) 

Step 5: To test the signilicancc orthc treatment erred, compute the I; valuc as F = 

treatment Ills/experimental crror ms and compare it with the tabular F 
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Step 6: 

Step 7: 

Step 8: 

values (appendix C) with F2 

Bomez K. J\ola). 

(t-l) and F2 (r-l)(t-l) (Page 635 by 

Enter all values obtained in step 2 to step 5 in the analysis of variance 

outline or step I. 

I :or mean comparison, compute the standard error or d i rt,-:relll:e bet ween 

the treatment as Sd = --.f2(ms2)/rs where ms2 is the experimental error ms in 

the analysis of variance. 

Compute the grand mean and co-efficient of variance Cr as fol1ows: 

Grand mean = Gin 

Cr = --.ferror ms x 100lGrand mean. 

The Cr indicates the degree of precision with which the treatments are 

complllnl ;\s is a good index or the reliability or the expcrimcnt. 
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APPENDIXC 

ETO was determined with a quantified form or the blaney-morrin-Nigeria model as 

expressed by Duru (1984) as 

ETO c-c r/,[(0.45T -\ R)(5~0-R Ln)ll100 

N.B 

Where 

ETO = reference evapotranspiration in 111111 per day 

rl',-o monthly l11ax radiation 

Annual max radiation 

T = TLc mean temperature in °c 

R = is the mean relative humidity in %. 

rf, T and R arc meterological data based on localities in which the crop 

(maize) was planted. 
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APPENDIXD 

1999 

MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT I1\OV DEC ! 
I 

RAIN- 0.0 0.0 0.0 67.1 213.2 75.5 
1

239.7 145.5 153.7 105.0 0.0 0.0 
FALL 
(mm) 

CUMMU- 0.0 0.0 0.0 67.1 270.3 345.8 585.5 631.0 784.7 887.7 887.7 887.7 
LATIVE 
TOTAL 
(mm) 

I 
I 

I 
MAX 40 39 41 34 34 32 127 28 31 34 36 35 
TEMpoc ! 

I 

i 

MIN 24 24 27 24 

:: __ J: _ _ _ :: 
24 23 24 17 16 

TEMpoC 

I 
RlTT% 65 i 29 58 82 86 84 77 :73 62 

-- - - --------- -- --- -- -- --- -- - ------
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Appendix E. 

Extra Terrestrial Radiation eRa) cx-oressed In eCUlvale:1t evap~ranQ!!...in mm!dav 

~ 
Norther.1 Hemisphere 

Jan Feb Mar Apr May June July Aug Sept Oct 

3.8 6.1 9.:"12.715.5 :7.1 16.L lL.l 10·9 7.!.:.. 
L.3 6.6 9.S 13.0 ]5.91;.'::: :0.5 lL3 11.2 7.S 
t.. . 9 7 . 1 10. 2 13. 3 16. 0 1 7 . 2 : 6 . 6 It... 5 11. 5 8 . 3 
5.3 7.6 ~0.613.7 16.117.216.6 JL.7 11.9 S., 
5.9 8.1 11.0 It...O 16.2 17.3 16.7 15.0 12.2 9.1 
6. L 8.6 11.!.:.. lL. 3 16. L 17. 3 ~ 6. 7 15.2 J 2 . 5 9.6 
6.9 9.0 11.:31L.516.:"17.216.7 15.3 12.810.0 
7·4 9.!.:..] 2. 1 lL. 7 16.:" 17.2 16. 7 15. L ] 3. 1 10.6 
7.9 9.S 12.:" lLS 16.517.] 16.3 15.5 13.L 10.3 
S.3 10.212.3 15.0 16.5 17.0 10.S 15.6 13.6 11.2 

No\' Dec I Lat 

I - 3.2 SOo -'.j 

5·0 -, - .::.8 .). i 

J ':J 
I 3 I ~ _. 1_0 

6.0 f -; f I --, -
6.5 - ') J.- L2 

7·0 J. / L.O 
7.3 5. ] 38 
8.0 6.5 ' -.)0 

8.5 - ') 34 
9.0 7.:3 32 

8 ..J '0 - .~ 1 1- ') 1'- - 1- 0 . - "*1- - '3 Q , 1 - a - .:; ~ I· -0 • u... • / .!.". :>. __ {). :> I. I _ tJ • "- :,). { ... • -' ... a b _ . .:: _. oJ ~ 

9.311.113.:"15.316.5.16.:316.715.7 lL..112.0 9.9 :3.3
1

2:3 
9.S 11.5 i3.7 15.3 16.:" 16. ~ 16.5 15.7 1:".3 12.3 10.3 9.3 26 

10.2 11.913.915.4 16.:" 10.0 16.5 15.S 1":.5 12.6 10. -; 9. -; 2!.. 
10.7 12.31L.i 15.516.316.": 10.L 15.S lL.6 13.0 11.110.2 ,")., 

11.2 12.7 :L.L. 15.6 16.3 16.": ~6.3 15.9 lL.S 13.3 11.610.7 20 
11.613.0 IL.015.616.116.116.115.S lL.913.012.0 11.1 18 
12.013.3 1L.7 15.6 16.0 15.9 15.9 15.7 15.0 13.9 12.:" 11.6 16 
12.4 13.6 lL.9 15.7 15.S 15.7 15.7 15.7 15.1 It... 1 12.8 12.0 lL. 
12.813.915.115.715.715.515.515.615.2 ]4.413.3 12.5 12 

13.2 lL2 15.3 15.7 15.5 :5.315.315.515.314.713.612.9 10 
13.6 14.5 15.3 15.6 15.:;· 15.0 15.1 15.4 15·3 14.8'13.913.3 8 
13.9 14.8 15.t.. 15.4 15.1 14.7 14.9 15.2 15.3 15.0 lL.2 13.7 6 
14.3 15.0 15.5 i5.5 14.9 14.4 It...6 15.1 15.3 15.1 14.5 lL.l L 
14.7 15.3 15.6 15.3 lL.6 14.214.3 14.9 15.3 15.3 14.8 ]4.L 2 
15.0 15.515.7 15.3 1L.4 13.9 ]4.1 14.8 15.3 15.4 15.] 14.8 0 

Southern Hemisphere 

Jan Feb Mar Apr May Jun~ July AuS Seyt Oc: :':ov De 

::-.5 ;L7 10.9 7.0 L2 3.3 
; 7 . 0 l~. 9 11. 2 7 . 5 L. 7 3 . ') 

3.3 
L.O 
!...-l7.7 i5.l 1l.5 7.9 3.2 :".0 _J._ .v. 

::-.815.311.9 S.!. 5.7 L':' 
~7.S 15.512.2 8.8 6.] 6...9 

J7.9:5.712.5 9.26.6 5.3 
17.915.812.8 9.6 7.1 5.S 
j7·9j6.013.210.1 7.56.3 
~ 7 . S 16. 1 13. 5 10. 5 S . 0 6 . S 

I u _. , 

S·"::" 
- " :>.~ 

6.3 
6.3 
-., ') 
J ._ 

: 7 . S 16.2 13.8 10.9 8.5 7.3 " .~. , - . , - " ,.0 f •. 

: :- .:3 1 C . ..'. 1 L • 0 11. 3 8 . 9 7. S 8.::0. 1 :::. - : S . .3 1 -;- . .3 18 
:7.7 :5 . ..'. E.3 11.6 9.3 8.2 8.6 :0.:" :3.':: ~S.:"l-,217 
:-.0 :o . ..'.1L..4 12.0 9.7 8.7 9.: :0·9 :3.2 :3.3 :-;.217 
:-; • .3 16.5 lL.612.31O.2 9.1 9·3 :1.2 :3."::" :5.617.117 
:-.": :6.3 1:".812.610.6 9·610.011.0 :3.713.717.017 
:-.316.315.0 ]3.0 11.0 10.010.:" 1::.0 :3.9 :5.3 :-;-.0 17 
17.116.515.113.2 11.!. 10.:" 1O.S :2.3 ::".1 15.S :6.3 17 
:6.916.:"15.213.5 ]1.710.811.2 :2.6 ~'::"3 :5.:316.71E 
16.7 16.!.:..]5.3 ]3.7 12.111.211.612.9 :':'.5 ]5.S 16.51E 
16.636.3 15.4 1L.0 12.5 11.6 12.0 ~3.2 l"::".-; 15.S 16.':' IE 

16.": 16.3 15.5 14.2 12.8 12.0 12.:" 13.5 E.S 15.9 16.2 IE 
10.116.115.5 lL.!.13.112.L 12./ .i.3./ :"::".915.8 16.0 H 
15.316.0 15.614.713.t..12.813.11L.O 15·0 IS.71S.81: 
15.515.815.614.913.813.213.:"14.315.115.615.51: 
15.3 15.7 15.7 15.114.1 13.513.7 lL.5 15.2 15.515.3 1: 
15.015.515.715.314 413.914.114.815.3 15.415.11L 



ABSTRACT 

To determine evapotranspiration coefficients for maize, experiment was carried 

out in the green house environment at the National Cereal Research Institute in Bida 

Local Government Area of Niger State. DMR-YE maize variety (yellow-maize) was 

planted in cylindrical containers of 400 mm internal diameter and 720 mm depth. 

The water levels in the containers ranged from 100 mm to 650 mm from the soil 

surface, the parameters monitored during the period of experiment (September to 

December 1999) include leaf area, plant height, water use, stem diameter, stover weight 

and grain yield. 

Cummulative water use for 90 days after planting were 621.9 mm, 4811.4 mm, 

406.9 mm, 338.4 mm and 280.9 mm corresponding to water table depths of 300 mm, 450 

mm, 600 mm, 650 mm and free drainage respectively. Crop coefficients values (Ke) 

obtained ranged between 0.42 to 1.12, grain yield at water table depths of 300 mm, 450 

mm, 600 mm and 650 mm were 52.39 x 10-1 kg/m2, 3.62 x lO-1 kg/m2, 2.90 x lO-1 kg/m2 

and 2.33 x lO-1 kg/m2 respectively. The experiment established that for successful 

\ 

maizse production under shallow water table condition, water table depth for soil (sandy-

loamy) at 300 mm and 450 mm can be considered optimum (Ke = 1.12). 



ABSTRACT 

To determine evapotranspiration coefficients for maize l!xperimcnt was carried 

out in the green house environment at the National Cereal Research Institute. In Bida 

Local Government Area of Niger State. DMR-Ye maize variety (yellow-maize) was 

planted in cylindrical containers of 400 mm internal di'lmeter and 720 mm depth. 

The water levels in the containers ranged from 100 mm to 650 mm from the soil 

surface, the parameters monitored during the period of experiment (September to 

December 1999) include leaf area, plant height, water lise, stem diameter, stover weight 

and grain yield. 

Cummulation water use for 90 days after planting were 621.9 mm, 4811.4 mm, 

406.9 mm, 338.4 mm and 280.9 mm corresponding to water table depths respectively. 

Crop coefficients values obtained ranged between 0.42 to 1.12, grain yield at water table 

depth of 300 mm, 450 mm, 600 mm and 630 mm were 52.39 x J(r
1kg/m2

, 3.62 x 10-1 

kg/m2, 2.90 x 1O-l kg/m2 and 2.33 x 10-1 kg/m2. The experiment established that for 

successful maize production under shallow water table condition, water table depth for 

soil (sandy-loamy) at 300 mm and 450mm can be considered optimum 


