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ABSTRACT

Thls prO}ect study mvestxgaies ths: pﬂSSlblilﬂBS of nworporatmg an efﬁuent aﬂd cost efﬁacﬂve
‘i'rtigation network for Tomato productmu at '[tmga Kawo WushmhLBased cm the sml analysm

;and the tépographical survey of the site as per its feamblhty to dry spell farmmg some important

parame”ters' vwere uséd' for the deSIgn of the pm]ect The water holdmg capaﬁty of the: 'sml is

75mm/hr whwh is greater than the net depth of apphcaﬁon (4()mm/ hr) which posses no water

lqgging ptoblem. The irngatlon system which is grawty (Basm mgatmn method) wa§ adopted

and designed basedv on computed grbss water requirement.It is péssible for the project to a very

desired prodm,tlon level of about 8 tonns/ha The economic analysxs mdtcate the attractwemess of

the investment with a,cOSt—beneﬁt ratio of 1:4.
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CHAPTER ONE
10 INTRODUCTION

11 BACKGROUND TO THE STUDY
vthzatlon has followed the deveiilpment of

Imgatron is an age old art Hlstoncally ot

'irrlgatlon. lerzanon have risen on n'.rtgated lands, they have also decayed and dtsmtegrated in
irrigated TEgions. Water is a scarce resource m the world and mgatmn is the ma;or user of
water supplles, hmltmg agnculture development in many regrons and countrres of tlre world :
lmgatlon in the world today accounts for 70% of all freshwater wrthdrawals whtch are used to
g 4()% of the overall agncultural outputs worldsmde

7% of all cropped land y1eldm
ore dependable role in meetmg

| irrigate 1
play a grcatcr and m

2005). Imgatron wﬂl
past The goal Shall be to

: (ICID Congress,
“Grow More Food with les's Dmps .

future food demands than in the
Thrs wdl be’ feasrble with advances in technology, modemlzaaon, better management of
where applrcable dramage systems Poor ungatron management causes lower

nrlgauon and
T water losses (ICID Congress, 2005)

ir'rigatlon eﬂiclencres and greate
ement of a crop is the total amount of water that must. be sjup‘pl‘ied by
oﬂ Water and fertthty, and

ge ﬁeld Wrth adequate 8

the given growmg enwronment (Doorenboe and Prurtt

- The ungatton requir

nrrgatron to a dtsease free crop, grovsnng m lar

| achrevmg full productmn potenttal under

1977)
the most commonly used method for m:lgatmg crops and pastures

Sur[ace nrrgatlon systcms are

the world In thts metho tly to the sorl lsurface from

“in Nigeria and around d water i8  applied drrec
. a cbarmel located at up—slope end o[ the ﬁeld and allowed to cover the ﬁeld by overland ﬂow.
'The rate of coverage is dependent almost entrrely on the quantrtatwe drt‘ferences between inlet
dtscharge and the accumulatmg mﬁltratron. Secondary factors include ﬁeld slope and surface' |




tatfd water ﬂew Thete are twe features, that

as soil clods or vegetatmn that e

roughuess, such
ystems The ﬂow has a ﬁ‘ee surface respondmg o

: dlstmgmsh a surface mlgatlon ﬁfom other s

ﬁeld means ef conveyance and dlstubutmn is the ﬁeid

~the gramtattonal gtadtent and the on-

surface itself. ( Kanya, 2007).

- Using t]ae soil surface to convey Water across the ﬁeld resu\ts ina 1ow capttal cost but 1t

blems in. its desug,n and nagement_ Both demgn and management

introduces‘ unique pro
S such as mﬁltratton rate and surface reugrhness.

depend to ya high degree on the soil propettle

These roperties can be dxﬁ'lcult to measure or predlet accurately, thus requmng d tnal and erTor.

(Hanson, 1994).“

approach to develop proper de51gn and management strategles

oss the surface untﬂ the water

When the' Water is apphed to the ﬁeld, it advances acrt

extends over the entire area and 1t 1s called advance phase Then lmgatmn water e1ther runs off
terval between the end of the advance azjnd when

the ﬁeld or ‘begms to pond on its surface The in

is cut—off is called the wetting of pondmg .The volum
d, It elther drams from the s surface

the inﬂow ne of waler on the gurface

gms to dtechne after the water is 1o longer bemg apphe

9 (runoﬁ) or mﬁltrates mto the soﬂ (schwaki, 1994).

(FA() (1989) )reported that it is essentlal to use mit_,atlon in 1mpr0vm’g agricﬂlttlral

n) to cater to the needs of inereasing world

productmn (fer example tomato productm

populatimn. Crop yield from 1mgated lands are htgher and rmote consistent. It _is estimated that
although only 15-2()% of the worldwide tetal cultlvated area is m‘lgated, it centnbutes as much.

as 30-40% of the gross agrieultu,ral output.




12 -I)esctliptionvottomato
one of the most 1mportant Vegetables

of fresh fmtt 1[[01]1 an

esculenlum Mlll) is ©
was about\()s million tons

and gives 2 high yleld, 1t is

Tomato (Lycoper sicon

worldwnde. Woﬂd tomato productlon in 2001

vely short dulatlon crop

mﬂhon ha. As it is a relati
a uader ctﬂnvattoa is mcreasmg datly Tomato belo nlgs to the

estlmated 3 9

econormcallly attractlve and the are
, Solanaceae famﬂy This famﬂy also mcludes other well-knovm species, such as potato tobacco,

peppers and eggplant ( aubergme ) W1k1pedta, 20()1)

1 2 1 Ongm oi' tomato
- Tomato has 1ts origin in the South American Andes. The cultivated tomato was hrought to
qmstadors in the sixtee

Mlddle East More recently

nth century and later introduced fro‘m Europe

’ Europe by the Spamsh con
n Asm, Afnca and the

wﬂd tomato has been

to southein and easter
distributed iﬁto other parts of South Menca and Mexico. Common names for the tomato are:
Indonesxa) faa.n ke € (Chma) tomat1 (West Afrifca), tomatl ~

7 tomate ({Spam, France) tomat (
(N ahuatlL),jitomate (Mexico), pomodoro (italy), nyanya (Swahﬂl) ( Barbara, 20()2)

1. 2.2 B(-neﬁts of Tomato ;
Tomatoes are used as food in ngena and contnbute tova healthy, well-balanced diet.

They are nch in mmerals v1tamms essenual amino amds sugars and dietary ﬁbers. Tomato
B and G, 1ron and phosphorus. Tomato fruits are consmmed ftesh in

or ﬁsh dishes. They can
ally 1mportant proce ssed

ontams much v1tamm
be processed mto purées,

auces, soup and meat

salads or cooked m S
products

d tomatoes are economlc

an reach a helght of ov

years m saccessmn. The

hup Canned and dne

Jmces and ketc
ver {wo meters (In

( ldah et .al. 2010) Tomato is an annual plant which ¢
ver, the same plants can be harvested for seVeral

South Ameriea, howe




ible 45-55 days aftet Elowetmg ot 90-120 days after sowing. The sliape of

first hatvest is posst
‘ the fruit differs per cultivar.'The color ranges from yellow to red (Martin, 20(}5)

« 1 23 Tomato Production
In Nigeria, tomatoes productton has reeeived | govemment support 'natlon\?vide through
constructlon of dams and canals upon the reahzahon that vegetable crops are staple food

owth in populatlon and distinct econonne and nutntlonal advantages.
metric tonsfha in l9987 to’

coupled w1th the rapld gr

The world productlwty of tomatoes has mcreased from 15 34

1s an mdtcatlon that farm are of the

16m etnc tons/ha in 2002 ThlS ers are now more aw

jmportance of engaging in ungatlon actlvmes, especlally by usmg modem farming quuts such
~as impro‘ied seeds, vfertilizers and pesticides (Usman, 2006) According to Usmam (2006),
tomato is the most popular home garden and the second most consumed vegetable .aﬁe’r‘ potato
in the wor ld Globally, world reglster of tomato tonnage has mcreased ﬁ ym lS 2 mllll on tons in

“This is an 84% mcrease in l3yeats and corresponds to 4. 2/o

1976 to 26. lmllhon tons in 1987

thls penod world populatlon grew from 4 bllhon in 1976 to 5.2

4

annual glrowth rate. Durmg

~ billion in 1989 a 2% annual growth rate.

Nigeria’s productton of tomatoes is mcomparable w1th other countries, altl_lou‘gh there is 2 kind
of spemahzatlon leger and Benin for some vegetables. Produetton of tomatoes is speciaﬁkd
‘m the northem part of the country w1th partlcular reference 1o Kebbi, Sokoto, K,ano,; Jigawa and

Bauchi states The annual productlon of tomatoes for 1995/96 is esttmated at 555.630 tons

eria is for the states mentto ned above, and the

(FCPSAR, 1996) Thls estimate for ng
pulation and mcreased :

productton level is expected to rise annually coupled w1th the nsmg po

farmmg activities (Agrlcultural Pro;ect Momtonng Evaluauon Umt, Kaduna, 1996) Sumla:dy,
tomatojpr'oduotion is carried out in the south of coastal countnes (south of Benm, Niger and :




Camemun) for pluvial l tamato, m the mm:ﬂl of the same . caunmes and in the sou uth of threr and _

Chad for out of season crops (Abduliahl, ()09)

1.3 Stateuimnt of the Problem
Syste’miatic, : repeat,ec‘:i’ simulation can lead to ’design_ parameters yielding optimum
umfo rmity of infiltrated water and mmunum deep percolatmn and run off from the enid of the
field. This informs the present study the design of surface ungatlon for an all year round tomato

production in Tunga kawo irrigation scheme, Wushishi, Niger state.

1.4 Jushﬁcatmn of the Study
Co'nmdermg the problem of water wastage on farm it 15 nnperatwe to redestgn’the
vanous 1mgat10n systems to enhance an all year round food productlon to meet the bdlSlC needs
of our gt(mrmg populatlon. Thls of course will help 1mprove the varlous farmmg activities,
further reduce the time spent on farm and above all mcrease the quan‘aty of farm prod uce. W1th
the actua] quantlty of water known for the gtowth of a cmp, projectwns can be made with

respect to the mnnber of tlmes such crops should be 1mgated Whﬂe the remmmng quantity of

water can be dehvered for other uses.

L5 Ob]ectlve of the Study
gn an irrigation system thz;t can

i The principal ob]ectwe of thlS study is to desi

pmv1de water supply to farm lands in Tungan Kawo, Wushlshl, nger state.

il To test run the design 1mgatum system

Determine the efficiency of the project in terms of its cost benefit ratio.




CHAPTER TWO

20 LITERATURE REVIEW

The efﬁeiency of surface irrigation is a function of the field design, infiltration

~ characteristi_c of the soil, and the 1mgat10n management practlce However, the compiemty of '

the mteracttons makes it chﬁicult for mgators to 1dentrfy op nmal design or management ,

practrces Wlnle well designed and managed surface 1rr1gatron systems may have apphcatron |

eﬁ'lciencres of up to 90% many commercial systems have been found to be operatmg w1th;

51gn1ﬁcant1y lower and highly varlable efﬁc1encles (Anthony, 1995)

The mﬁltratron charactenstrc of the soil is one of the dominant factors in determnnng the

performance of surface m‘lgatlon apphcatrons an d both spat1a1 and temporal variations in the

mﬁltratron charactensnc are a major physrcal constrmnt to achieving hlgher n:ngatron

apphcatlon (shaﬁque, 1983)

5

A real ttme control system has the poteutr al to overcome these spattal and tempoml

vanatlons Raine et al, (1997) have reported the srgmﬁcant nnprovements in lmgatlon

performance are possrble with optnmzatron of mdlvrdual nngatlon events. Surface n:ngatron

- offers a‘mnnher of nnportant advantages at both the farm and pro;ect level The gra v1ty ﬂow

system isa h1ghly ﬂex1b1e, relatrvely easrly—managed method of nngatron. Because itis so

wrdely uti hzed, local n'ngators generally have at least minimal understandmg of how }to operate

and maintain the system, ln addition,” surface systems are often more acceptable to

- agncultmalrsts who appremate the etfects of water shortage on crop ylelds since- it appears ,

easier to apply the depths reqmred to reﬁll the root Zone. The second advantagei of surface ;

irrigation is .‘that these systems can be developed at the farm level t_m'th minimal capital

Qe




linvestment. The control and regulatron structures are srmple durable and easdy constructed
' “ with mexpeuswe and readrly—avaﬂable materlals hke wood coucrete brrek and mortar, etc
- Further, the ess sential structural elements are 1oca ted at the edges of the ﬁelds which facthttates
’ operation and mamtenance actrvrtres. Energy requu‘ements for surface 1rngauon systems ‘come
: k from’gravity.‘, This is a srgmﬁcant advantage in todays ecouomy They are 1ess affected by
climatic and . water quality characteristics. ere sedrments & other debris reduce the
effectiveness of trickle syStems and wirrd a‘r‘fects the sprmk\er systems. Sahmty is 1ess of a
problem under surface irrigation than either of these pressurrzed systems. Surface systems ared
Abetter able to uti}ize Water supphes that are avadable less frequently more uncertain, -and more

 variable inrate and duration.\(Wikipedia, 2009).

24 Surface lrngatlon Techmqnes

B

Surface irrigation techniques can be broadly classrﬁed mtouucontr’olled ﬂooding aud controlled

~ methods of Border m:rgatron, Basin uﬂgatron aud furrow rmgatron

~2.1.1 Border irrigati0n~

This method makes use of paranel ridges to gurde a sheet of ﬂowrng water as it moves
dowu the slope The land is d1v1ded into a number of long paraﬂel umforrrdy graded strips 10 to
100m w1de and 2()() to 1000111 1ong kpown as borders that are separated by 1ow earth
banks/ridges. It has no cross slope but umform genﬂe slope in the drrection of 'irrig;ation‘ ‘T',he -
essentlal feature 1s to prov1de a surface such that water can ﬂow down w1th a umf yrm depth r

The premsron of field topography is of critical consrderatlon but the extended 1engths permit
the use of farm machlnery Border rmgatron has the -foﬂowing

better levehng through
charactmstrcs It is sultable for most soils where depth and topography perxmt the reqmred Jand
st and w1thout permanent reductton in sorl productmty, 1t 1s more

7

+

Jeveling at a reasonable co




} sultable to soils havmg low to rnoderate mﬁltratron rates. snch as loamy sorls but nnsmtable to

sorls havmg low mﬁltratron

coarse sandy soils havmg 1nﬁltrat10n rates, it is also not surted on

rates and it is su'rtable to nrrgate all close growmg crops lrke wheat barley, fodder crops and

1

B legurnes. (Smith et al; 2005)

2.111 Develdpnlent Costs k

' The two major development costs for borders are land levelrng and border construction. Land

eve lmg is more extensrve than for furrows and less extensrve than for basms partreularly rf the

field is leveled along the ex1st1ng slope in the di rectron of flow. The porder di d kes do not harve to

be as high as for basms but. do need to be mamtamed in order 10 prevent cross—ﬂow into

- adjacent borders and care should be taken to int ercept the ﬂow that can occur in the dead furrow

: created by the diking equrpment Borders do not generally reqmre as much labor as’ 1urrow

nngatlon but do require More than for basms smce the time of cutoff has to be ]udged properly

In fact furrow system cutoff ttmes are usually aﬂer the completron of advance and for borders,

kthey are typically shorter and before the oornpletlon of the advance phase Consequently,

'achrevmg hlgh efﬁcrencles is more dlfﬁcult in border nngatron than in furrow mlgatlon.

' Tradltlonall ¥s ﬁee dramrng borders have about the same efﬁcrency and umforrmty as furrows

thereby reducmg the economrc feasrblhty of borders that allow tarlwater However, borders can

also be blocked to ‘prevent runoff and achicve efﬁcrencres as high’as those for basins thereby

o becr)ming slightly more eco'nomlcal than basins. (Larry et al; l998)

1 1. 2 Field Geometry

Borders are usually long and recta gular in shape. Often referred to as “porder strips”, borders

'contam tlre ﬂow wrtbm srde drkes to dlrect the ﬂow over the field. Borders can be furrowed

here necessary for eleva mg a seed bed or compensatrng for rmcro-topography w1thm the

8




| border. Borders ean also be 1eve1 ot nearly level mal kmg tbem efﬁectrvely the sarne as basins.
ften based on the reetan ular shape rather than slope .md

r Drstmgmshmg borders from basms iso

in any event the dtfferenees are only semantre (Burt 2003)

%

‘ 2.1.1.3 Soil Ch:irﬁeteﬁstics '

Borders do not genera\ly have erosion problems except near outlets and tail water dIamS so they '
are somewhat more ﬂexrble nrrgatlon systems than furrows. r The slope ards advance and «
recesston s0 border rmgatlon can be apphed to the fn\l range of sorls S0 1ong as the ﬂow per

th basms borders are better suited to the heavrer '

unit width is selected properly However, as Wi

soils end crusting soils rnay requrre speera\ eare sueh as furrowing. (Burt,2003)

f

| V2.1.1.4'Vwate1f sup'p_;y i
Tynieat water apphcatrons under border nngatron are. srnnler to basin systems and usually
! larger than furrows In general border systems requrre 3-5 times as much ﬂow per‘unlt W1dth as
§ furrow systems and somewhat 1ess than basms For example 1t would not be unusual to nrrgate

furrows ona spacmg of at 2. 5 feet wrth a 15 g pm ﬂow (6 gpm/ﬁ) and to nrrgate a border with
gpm/ﬂ The same water quahty constramts noted for basms

. the same sorl wuh a ﬂow of 20
for borders should be relatrvely high

apply to borders as well Consequently water supphes
. drscharges for relatrvely short duratrons on re\attvely long 1ntervals.‘ (Yahaya, 1995)

&

2.1.1. 5 Clnnate

| Scaldmg is a more serious problem in bloeked end borders than m basrns beeause the/ end
k depths are greater and reqmre 1onger to drarn ﬁom the field. lt 1s common praetree to provrde L
surfaee dramage capabrhty in case an error 1s made m the tnne of

f the ﬁeld (Adam 1999)

blocked end borders w1th

: eutoff and ‘»too mueh watet ponds at the end o

s




212 Bas'm lnrigaﬁon :

\Basin irrigation isa common form of surface 1rr1gat n, partrcularly m regrons with layout‘s of o

small ﬁelds Tlns is the srmplest m prmcrplc of methods ot' lrrrgatron, is clanned to grve hlgher l

‘ apphoatron efﬁcrencres and there are ma y vanatrons in 1ts use but all in volve dlvrdrng the ﬁeld

: mto smaller urnts so that each has a nearly level surface Bunds or rrdges are constructed around

g the areas formmg basms w1thm whlch 1rr1gatron water can be controlled The basms are fil led to

‘ the desrred depth and the water 1s retamed untrl it mﬁltrates mto the so1l When nngatmg nce,

or pondind water for leachrng salts from the soil, the depth of water to contmue to flow into the -

_ basins. ThlS is snmlar to border nngatron except that here there 1s no longrtudmal slope on the -

' field and the len th may be shorter (Srmth et a,l 20()5)

Basrns may vary in srze from 1 m for gromng vegetables (for example tomato) to as much»
as s several hectares for the productron of rice and other gratn crops Sandy sorls réquiie small

basins ‘and clayey sorls allow large basins. '[he objectrve m selectmg the basm is to enable

: kﬁoodmg of the entire area 1n a reasonable length of time, 0 that the desrred depth of Water ean'

| be apphed wrth a h1g,h degree of untormlty over the entire basm. Cotton, gram, marze,

s groundnu S, Lucerne(alfalfa), pasture and many other ﬁeld crops wlnch are sensrtrve 0 wet SOll .

conditlons around the sterns (Smlth et al 2005)

2. 1. 2 1 Dr-velopment Costs ,

Basm 1mgat1 on is generally the most ¢ penswe surface nrrgatton conﬁguration to deyelop and

" rnamtam, but often ‘the least expenstve to Operate and manage Land levehng is the rnost eostly ’

development and mamtenance requrrement although the pernneter dtkmg can also be expensrve .

. to form and mamtam ln areas where tirnouts from the dehvery system have relattvely small_‘ -

dtscharges, development costs may also be mcreased by necessary changes m the m'lgatron »,

‘1,9;‘




: ystem upstream of the basm. Smce basms are typrca\ly desrgned to pond the water on their
surfaces. and prevent tarl water, they are usnaﬂy the most efﬁelent surface m‘lgatlon_ :
. 'c)onﬁgmations.' ‘ln addmon, management 1s ahnost a\ways snnpler (Larry et a\ 1998)

| 2.1.2;2 Fieid Ge_oinm‘etry« ,
the absenee of ﬁeld slope 1o a1d the movement of Water on the ﬁeld surface th.e run 1en11th
ver the ﬁeld tends to be rmmnnzed Many basins takeona

or dlstanee the Water has to advance 0
. quare rather than a reetangular shape hut thrs depends entrrely on the avaﬂabrhty of sufErclent
tensncs of the 5011 One of the major advantages of bas;ms is

flow rates and the mtake charac
es and small ﬁelds (Butt 2003)

: their‘ u’tility ins imgatmg ﬁelds vmh nregu\ar shap

| 2 1 2 3 Sml (‘haractenstlcs |
- ‘Basm mgatron systems usua\ly opera te at less ftequent mtervals than furrows or borders hy
kapplymg a larger depth durlng mgatlon Cons equently medmm to heavy smls wrth therr hlgh "
better smted to basms than hghter soﬁs The efﬁcreney and

L k morsture holdmg capac1ty are.

m’lgatron depend on. f the ﬁeld mﬂow and the 5011‘ :

the relatrve magmtude o

umformlty «of basm
stantra\ly hlg,her ﬂow |

mtake A soﬂ Wlth a relat ve\y hrgh 1ntakc characterrstlc wﬂl reqmre a sub
: ‘_'rate to achneve the same umfo ty and efﬁclency as for a heavrer soﬂ Smce the water may .
cover the entrre basm surfaee a soﬂ that forms dense crusts upon drymg may have dctnmenta\‘

vnnpacts on seed germmatlon and emergence Itis common practlce to furrow sorls
roblems. On the other hand hasm nrngatlon 1s an effectrve means for

to reduce crustmg p
| reelamatlon and salt leachmg Many of the heavrer soﬁs wﬂl form cracks between n'ngatrons
f whlch may be responsrble fot much of the water that mﬁltrates durmg 1mgatron These smls are
; also susceptrble to formmg compacted layers (hard pans or plow pans) at the cultlvatron depth»

R 4
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if 'The 1mpact of crac kmg m basrn m:rgatron 1s an mcreased apphed depth whde the m]pact of a

T"“plow pan > is to restnct 1t (Burt 2003)

"2124WaterSupply i f Sy

| The water supply to an m‘rgated ﬁeld has four nnportant eharactenstrcs* its quahty its ﬂow ,

rate its duratron, and 1ts frequency of dehvery The quahty of the Water added to the ﬁeld w111

be reﬂected m the quahty of the wa ter throughout the root zone Sahmty 1s usually the most

. 1mportant quahty parameter in surface 1mgat10n and the h1gher the sahmty 1n the nngatton :

| water the hlgher wﬂl be the concentratlon of salts in the lower regrons of the root zone.

E However, smce basms do not apply watet to the crop canopy as does sprmlde nngatron, water

supphes w1th relatlvely hlgh sahmtles can be used some water supphes also have poor qluahty

: due to toxrc elements hke Boron (Yahaya, 1995)
The most 1mportant faetor in achlevmg hrgh basm nngation funiforrni,ty’ and efﬁ.cieney .

“while nnmnhzmg operatlonal costs is the dtscharge apphed to the ﬁeld In basm 1rngat| on, the

gher the ava:dable dlscharge the better constramed only by havmg such a h1gh ﬂow that %

erosron occurs near the outlet The duratlon of m’tgatron is dependent on the depth to be apphed

) ‘the ﬂow rate onto the ﬁeld and the efﬁcrency of the nngatton. Basm mgahon S typrcally h1gh ;-

»drscharges and hlgh efﬁcrencres mean that basm nngatrons may requtre 1ess total tlme than -

: borders and furrows This coupled Wlth the fact that basms usually nngate heavrer *,oﬂs and' i

o apply 1arger depths means that the nngatron of basm is typrcahy 1ess frequent than borders or

'furrows 'Ihe duratron and frequency of basm 1rr1gat10n 1mpose dlfferent requirements on the .

water supply system than systems operated to serv1ce horder and furrow systems (Snnth et al

i
:

',;

2005)




5 Whenever water ponds on a cropped surface for an extended perrod ot tnne the okygen-carhon )

droxrde exchantge between the atmosphere and the roots 1s drs pted lf the drsruptron 1s long L

enough, the crops wrll dre. Thrs process is sometnnes called scaldmg Scaldmg is percerved as

'a senous rtsk in basm u:rrgatton by urrgators in hot dry chmates. Of COUrSe nce famnng :

depends on thrs process f T weed control Another chmate related unpact of basm 1mgatron 1sv' '

, the effect of wa ater temperature on the crop at d\fferent stages of growth lrngatron w1th cold_ ‘

water early m the sprmg can delay growth whereas in the hot perlods of the summer 1t can cool o

‘ the envrromnent both of whrch ean be beneﬁcral or detnmental in some eases One nnportant’:

& advantage of basms in many areas of hlgh ramfall is that they can more effectrvely“capture it

‘than can, borders or furrows Thus basms emoy the beneﬁts of hrgher l vels of et’fectrve =

_‘ precrprtatron and may actually reqmre 1ess nngatron dehvery durmg rarny perrods as long as the -

crops are not damaged by subsequent scaldmg or floodrng (Adams. 1999) T

2 l2.6CroppmgPatterns S ; v}

- Wrth 1ts full wettmg and large apphed depths basm mrgatron is most conducwe to the 1rngatldn o

¢ of fu ll~stand crops hke alfalfa, grams grass, and rice. Row crops ean be and often are grown in

, basms as well Wrdely spaced crops lrke frurt trees do not reqmre as rnuch of the total ﬁeld soil

- volum e o be wetted and thus basm rmgatron in these mstances is less useful Although 1t o

l should be oted that nnm—basms formed around each tree and then nrrgated m pass through or:

ycascade fashlon are found in many orchard systems Casoadmg systems are usually less efﬁcrent

& and have low umformlty due to poor water eontrol Basm nngatr n is also more effectrve w1th‘

' vdeep rooted erops hke alfalfa than w1th shallow rooted crops hke vegetables Crops whrch react.

. | , advers’ely to crown-wettmg do not favor basms (Colhns, 1996)




ik

21 2.7 Cultuml Factors s
| Because surface 1mgatton depends on the movement of water over the ﬁeld,surface, whose ;
and erop to erop as We\l as &om mlgatton to nugatlon, iy

e fpropertles chamge from year to year

ment is a dlfﬁcult task

| surface n'ngatton manage y Basm m'lgatlon :

to do well and cons1stent1

'reduces thlS burden by ehmmatmg tadwater from the management process However, _where
the added costs and the uneertamty assoclated

practleed prevlously,
(Hmnphrey, 1980)

basm nnganon has not been

f wtth a 1aek of expenenee are often substa ttal bamets to 1ts adoptton

s 2 1 2 8 Lantd Levelmg

d in skﬂl and expenence Today, the preclston of 1and gtadmg ‘,

Land levehng opetators vane
ch on operator <.k111 and,

o equlpmentls mueh greater and does not depend nearly as mu

experience. G
e the ﬁeld surface must convey and dtstnbute water any -

o should c,ome as no surprlse that smc
fﬁetency and umfornnty Basm ungatton s

. "undu\atlons wdl 1mpact the ﬂow and therefore the €
. ‘somewhat less dependent on preclslon ﬁeld topography than e1ther furrow ot border
the pondmg but many users of basm 1mgatlon msvst that the most‘ .
(bucks et al 2001) Preelslon land'

because of hlgh ﬂows or
24 have 1s 1aser1ng

unportant water management practlce the
systems meludmg ’

"1evehng is an. absolute prerequlsﬁe to hlgh perfo mance surface m'lgatlon
Thls mcludes regular preelsmn mamtenance durmg ﬁeld preparatlons (land smoothmg)

| basms

sys‘tems~' :




j213 Furrow nmgatmn f. o

iu'“ :

‘kFurrow nngatron can be used to 1rngate all crops planted m rows 1ncludmg orchards lt 1s «
groundnut potato and other vegetables |

arcane tobacco, cotton,
y only be 20% cf the waterf S

' surtable for 1rr1gatmg marze sug
furrow 1mgated ﬁeld ms

water per unlt wrdth ona
lt is surted to all sorls

m a basrn (FAO 2002)

The amount of
except sandy dtre to

| flowmg overa! nmlar wrdth
high inﬁltratron rates and has the followmg features ln thrs method water contacts only one half :
surface thus reducmg crustmg and evaporatron losses, futrows ptovrd e

to one ﬁl’th of the land
ondrtrons, andi

many surface 1mgatron ©

ent ﬂexrbrhty under
gatrons towards lngher 2

better on farm water managem

opportumty to manage n'n

gatlon across ﬁeld

: furrows provrde the ntngators more

and throughout a.

:'_efﬁcrencres as ﬁeld condmons may change for each 1rr1

'season (FAC» 2002)

2.1, 3 1 Dewlopment Costs
'.,«Furrow irngvatron systems are. the least expensrve surface nngatron systems t0 develop and
because mrmmal land levelmg is requrred to 1mplement a furrow system and =

malntam pmnarlly
less precrse land smoothmg is necessary for mamtenanee The ﬁlrrow themselves can bc ‘r'ormed
me of plantmg Whrle less expensrve to 1mplement, furrow ,

‘ wrth cultrvatron eqmpment at the tr

y more labor mtensrve

than basms Varlatrons in mdrvrdual ﬂows,

systems are. substantlal
the advance rate of each furrow and there are often

ghness and mtake alter

slopes - rou!
the furrow ln addrtron,’ :

7 substantral drfferences m how long it takes the water to reach the end of
some furrows are compacted by the wheel trafﬁc of plantmg and cultrvatron eqqument and
Ihave subs 1ally drfferent charactenstres than non~trafﬁc furrows lrngators compensate by <
ﬂows and thereby need to be at the ﬁeld longer Further they also have to:" Ao

"ad]ustmg' the furrow
off 'as opposed t© ’;‘ -

the wateryto Ton off the ﬁeld before’“ shuttmg 1t

'assess how long to allow




a basm when the correct total volume has been added to the t'reld

v

shuttmg the ﬂow ot't' in
Because most furrow systems allow ﬁeld tmlwater they are seldom as efﬁcrent as basm sy:,tems
and thereby requlre more water per umt area Measures such as the capture and reuse of ‘
rease efﬁcrency Anotl er alternatrve isa concept called cutback |

an be employed to ine

k tarlwater v
that mvolves reducmg the furrow mﬂow after the ﬂow has reached the end of the furrow.: Surge
mated cutback systems (Larry et al 1998)

ﬂow and cablegatron syst ms are examples of auto

2132 Frel(l Geometry
lds generally have slopes 1n both the drreetron of the ﬂow and the lateral

Furrow 1rn1:vated ﬁe
drrectron of ﬂow should

y wrthm a ﬁeld althougb the slope in the

; dire_ctron 'Ihese slopes can var

’ not vary srgmﬁcantly unless itis ﬂattened at the end of the ﬁeld to 1mprove umfomnty One of ‘
' the major advantages of furrow m‘rgatron is th t undulatrons in topography have less 1mpact on .
efﬁcienCy and umfomuty than they do in erther basm ot border 1mgatron (Burt, 2003)

21 33 Sml Charactenstlcs
practrced on nearly ll sorls but there are two 1mportant lhmitations. "

'Furrow 1mgat1on can be
border nngatron;

| , Frrst the rrsk of erosron is hlgher m furrow nngatton than m erther basm of
because the ﬂow 1s channeled and the flow velocmes are greater Secondly smce the furrow

dependrng on furrow spacm'g), applymg |

wets as httle as 20% of the ﬁeld surface (
qurre extended penods of time

actually

‘ relatrvely large depths of 1mgatron water in the heavy sorls can re
nd wrll result m low eﬁ' crencres A four or srx mch nngatron apphcatron is. common in basm'
and border nngatron but would not be feasrble w1th a furrow system ‘on a partrcularly heavy
ion i$ more nnpacted by sorl cracks than. borders and basms snace the cracks

| ,sorl Furrow 1mgat
restr1c1 1ve layers due .

furrows Furrows are probably less 1mpacted by

‘ ‘often convey ﬂow across

003)

o to therr 1nherent two—dnnenSronal wettmg patterns (Burt,




“Smce the ﬂow on the ﬁeld is substantrally 1ess than in a basrn or border system5 I‘a‘rnajor' :
'advantage of furrow 1mgatlon is th t 1t ean accom:modate relattvely small dehvery dlschalrges o

per umt area_ ‘As furrows typ1eally apply smaﬂer depths per nngatlon, the avarlabrhty oi the |
| ;delivery must be more frequent and for longer duratrons M re water ona volumemc ba..rs is

‘requrred for furrow nngatron because of 1ts lower apphcatron efﬁcreney in most cases ’

Salts can accmnulate between furrows and therefore the quahty of nngatton water is more.

’ , 1mportant in furrow systems than m basms or borders (Yahaya, 1995)

2135 cmfe
The chmate over a surfaee 1mgated ﬁeld does not have srgnrﬁcant 1mpacts on the furrow"' '
the furrow ends are bloe ed Hrgh wmds g

k"n'ngatton. Sealdmg is seldom a problem even when

can retard the furrow advance but this 1s rarely a problem The eifect of watet temperature is

or basms beeause the wetted area is 1ess (Adams, 1999)

: 2 1 3.6 Cruppmg Patterns v f
1d plantmgs hke

oW crops of all kmds but are also used in so

. Furrows are 1dea11y surted f01
“ alfalfa and grams When the seed bed 1s between furrows and must be wetted, 1t is ner,essary to

water to the furrows for extended penods and e ge'nt 1rrrgat10ns Vi

fﬁctencres of these emer

:apply
,'can be very low The lateral movement of water or subbmg y “wettmg—across ., etc. isa S

e

, relattvely slow process so m

any nngators of hrgher value crops hke vegetab\es us;e portable ’

sprmkle ystems for the emergent nngatlons Speeral erops hke rice ate generally not nngated‘ ;
th furrows because of the eed for a umform submergence to eontrol weeds (Colhns 1996)




5 2 1 3 '7 Cultural Factors o
’ Most of the cultural factors affectmg furrow nﬂgatron are the same as those noted prev'rously
The hrg,her labor requn‘ements requrre a resource 1n US agnculture thut is

’for basm 1mgatron. ;

y short The ' lower

becommg cntleall efﬁcrenmes are problematrc in an era of drrmmshmg
an needs and the detnmental unpact of salts and sedrments on the

_supphes competrtron by urb.
g waters when efﬁereneles are low When polyprpe is used to drstnbute fwater \

: kquahty of reee1 vm
the other hand ﬁmow

o the furrows an envrromnental eoncem w1th 1ts dtsposal is rarsed On
. 1mgat10n is more ﬂex1ble than erther borders or basrn as the conﬁguratron is easrly changled by '

Simply mcreasmg or deereasmg the number of "furrows bemg m‘lgated 51multaneously or by
1mgatmg alte te furrows (Humphrey, 1995) ' L

2138 Laml LeVeﬁng
| Whrle premslon land levehng 1s not as crmcal to furrow 1rr1gat1on as it 15 to basm and border o
to achleve hlgh umformrtres and efﬁcrencres wrthout 1t ‘

to furrow vanatrons in

m’lgator cannot expeet

‘ 1mgatron, an
advanee tunes and wﬂl,

wﬂl reduee the furrow

| Preersron Land levelmg
sO- mueh less

ney Land levehng for furrow systems 1s al

| ‘unprove both umforrmty and efﬁere
es ean run m both ﬁeld drreetrons thereby reduemg the volume f sorl

trusrve smee ﬁeld slop
ood practrce "

‘ that has to be moved Land smoothmg whlle not as nnportant is nevertheless a g

gular ba515 (Burt, 2003)

"onare

22 The Basrc Desrgn I’roeess
ess 1s a proeedure to determme the most desrrablefreciueney_

| The surﬂaee ungatron desrgn proe
B and depth of 1rr1gat10n w1th1n the capac1ty and avarlabrllty of the water supply ThlS proeess can .
“ be d1v1cled mto a prehmmary desrgn stage and a detarled desrgn stage. o




' v221TheI’relunmaryDesrgn : LA

flexrbrhty to supply water to the crop in

: erhe operatron of the system should offer enough

Variable amounts and schedules and thereby allow the nngator some scope to manage sorl .
orsture for maxrmum yrelds as well as water labor and energy conservatron, and chang es 1n‘
rns Water may be supphed on a contmuous ora rotatlonal basrs m whrch the u

’ croppmg patte
ﬂexrbrhty in schedulmg L

ﬂow rate and duratron may be relatrvely frxed In those cases the
avatlabrhty or to what each farmer or group of farmers can .

n is hmlted by water

n'rrgatro
more ‘

jmutually agree upon wrthm therr commmd areas On—dem d systems should have
flexrbrhty than contmuous or rotatronal water schedules and are dnven by crop demands i

m satrsfymg an optrmal 1rr1gat10n k’

Durmg preltmmary desrgn the hrmts of the water supply

aluated lt is partrcularly asurement be an mtegral

nnportant that water me

schedule should be ev
depth of water .

component of the water supply and that 1t is capable of provrdrng the approprrate

to the ﬁeld (Davres, 2000)

k'_I‘he :next tep in the desrgn. process mvolves collectmg and analyng local chmate, sorl and
: croppmg patterns to estrmate the crop water demands From thls analysrs the amoSunt of water
| s the system should supply through the season can be estrmated Comparmg the net crop d‘e'mands o
to a vanable schedule

wrth the c'apabrhty of the water dehvery system to supply water accordmg
uce a tentatrve schedule Whrchever crrtenon (crop demand or water avai’labl‘h\ty);

can prod
at thlS stage wﬂl deﬁne

governs the Operatmg polrcy at the farm level the mformatron provrded
, the hrmtatrons of the trmmg and depth of 1mgatrons durmg the growrng season (Baha, 1993)

The type of surface ungatron system selected for the farm should be carefully planned S
are favored in condrtrons of relatrvely lngh br—drrectronal slope, row crops and:

’ Furrow systems
m the ﬂatter lands,

apphcatrons Border and basm systems are favored

mall iarm ﬂows and




f applrcatron A great deal of management can be

ossrble (Baba, l993)

and larger depths 0

e ﬂexrbrhty m frequency and depth are p

:large ﬁeld drscharges

: apphed wher

: F

e of the ﬁeld the

S D 2 2 Detalled ])esrgn
deterrmmng the slop

furrow border or

process mvolves
tures and

:The detarled desrgn
g of headland struc

basin mﬂow drscharge and duratron, the loeatron and §iz}
rrriscellaneOus facrhtres and the provrsron of surf ce dramage facrlrt es erther to collect i
levelmg can easrly be the most expensrve on-farm

for drsposal Land
fce of -

tarlwater for reuse or
= improvement made 1n preparatron for nngatron lt isa prerequrslte for the best performa
the best land levehng strategy is to do as lrttle as possrble ie.to -

system Generally
whe1 e other

the surface
grade the ﬁe ld to a slope that mvolves mmrmum earth movement Exceptrons occur
consrderatrons drctate a change in the type of system, \say, basrn nngatron, and yreld sufﬁcrent
beneﬂts to offset the dded cost of land levelmg (Hardy, l998) | : ‘
elmg for a furrow 1mgat10n

lf the ﬁeld has a general slope m two drrectrons land lev

st—ﬁt plane through

the ﬁeld elevatrons Thrs mnnmrzes earth

ually based ona. be

system is us
the expected

movernent over the entrre ﬁeld and unless the slopes m the drrectron normal to
t flow are very large terracmg and benchmg would not be necessary A border must have a

zero slope normal to the ﬁeld water

Wat
qulre terracrng 1n all cascs of eross

ﬂow and thus wrll re

slope Thus the border slope is usually the best—ﬁt sub-plane ot strrp Basms of course, are
slope in erther dntectron Thus, terracmg is requrred m both drrectrons When the : I»
slope in J

level i e. no
eld S smallest natural

basm 1s rectangular 1ts largest dnnensron should run along the fi
sa desrgn varrable at thlS stape and aga;m_g “

S. Freld length become

order to muumlze levehng cost
there isa phrlosophy the desrgner must eonsrder In me ham2ed farmmg long rectangular ﬁelds
lement

quare ones Thls notron 1s based on the trme requn‘ed for rmp

ferable to short $

are pre-



concﬂe the ﬂows and tunes iy

urmng and reahgnment The next step in detaned desrgn 1s to re

and 1ts duratlon allo

with the total ﬂow cated to the ﬁeld frorn the water supply On small ﬁelds,' :
atrsfactory coverage when used to 1mgate the whole ﬁeld« :

"the total supply may provrde as
is that ﬁelds must

he general srtuatlon be broken mto setsl and

‘ .srmultaneously However,
sets must

ie. basm by basm, b These subdrvrsrons or

1mgated part by part, order—by—border etc

1 match the ﬁeld and its water supply (Dozre, 2()()2)

2 3 The lrlrlgatlon Requn‘ement
The 1mgat10n system 1s usually not expected to supply all of the morsture requrred for
maxnnum crop productlon. To do ) would 1gnore the valuable contnbutlon of other water |
uch as ram and thereby force the nngauon system to be 1ar er and more expensrve
it waste

sources s
be practrced w1thou

SO unreahstrc that nngatron can or should

' han necessary It 1s al

' Certamly the fractton of that supphed

1mgat10n eﬁ'lcrenc

whlch is beneﬁcrally used should be max mlzed! but thls, :

y cannot be : 100% w1thout other senous problems .

. fractron or

,developmg (FAO 2001)
ln amvmg at the contnbu‘non an ungauon system wﬂl make to an n'ngated area, ,
tors requrre consrd}' ratton‘? These are. "

ystern, four major fac
nonment The body of

partrcularly a surface nngatron s
ept of water balance in the regton encm passmg the plant env

The conc
the assocrated charactenstrcs' v

nutrlent, and anchorage for the crop and

. soﬂ supplylng morsture
atlon and saltf g

requnernents 1nc1ud1ng dramage ‘r'or aer

the crop water
1on system (FAO 2001)

of thls porous medr

1eaéhing and the eﬂicrency and unlformlty of the 1mga
g : 231 SOll Charactenstlcs A e S i |
Sorl characterlstrcs of part1cu1ar 1mportance to nngated agnc 1ture mcluder the capaclty
in the soxls, o

11 dramed the ﬂow charactenstlcs of water

of the soﬂ to hold water and snll be we




ntent soﬂ depth, soﬂ

f the sorl matnx, mcludmg the org,amc matter co
and

the physrcal propertres 0
the translocatronr

and sorl structure and sorl

texture chemrcal propertres mcludmg
salts and nutnents due to the movement -use, and evaporatron of ,the_
2

atron of soluble
ach other is criti cal to

concentr
sorl water. Knowledge of all these relatronshrps and how they mﬂuence e
ctlces and obtam the best most efﬁcrent use of water.

all who desrre to nnprove nngatron pra

(Harrlson 19'85)

2 3 2 Sorl Mmsture 2
ther excessrve water (water loggmg) or msafﬁcrent water, crop 'growth} wrll be
use is the '

I there 1s el
molsture for plant

one-tenth to one-thrrd bar (ﬁeld

comrnonly deﬁned the avarlable

retarded (W 1k1ped1a 2001) As
pressﬁ;fe of

morsture held at
uthm this

' range of s_oil a negatrve apparent
orsture content W

However the sorl m

capacrty) .md 15 bar (permanent w11tmg pomt)
pressure range will vary from 25 cm per meter of soit depth for some srlty 1oams to as 1ow as 6

cm per meter for some sandy sorls P N

P

233 “»orlPhysrcalPropertles SR e
ast of whrch 1s servmg asa

The sorl matnx serves several very valuable functrons not the 1e
nts and provrde a good balance

also furmsh nutrre

foundatron to hold the plants upnght It must

between aeratron and avatlable morsture content
Soﬂ texture and structure mﬂuence the mtermolecular forces and ' suctron ofwater in
unsatul ated sorls These forces can be qurte substantral and mclude the caprllary and attractrve E
forces resultmg from the close contact of soﬂ partrcles Soﬂ tex ure, pnmarrly s,orl structure,
and thereby the pcrmeabrhty,of

mﬂuences the porosny and drstnbutron of pore srzes

roots whrch s as

greatly
owth as. an adequate supply of

nnportant to crop gr
rrelated that the fal

to' air,. water and
lure or 1ack 0

sorls
r-plant system is 50 mt

nutnents ln fact the entrre sorl—wate
thers (erlpedra, 2001)

o one component can cancel the combmed beneﬁts of all the 0




2 3. 4 Sorl Chemlcal Propertres

w 1mgable soils are by affectrng. :

atly mﬂuence ho
Sorls havmu an

The chemlcal properttes of sorls can gre
1hty of the S()ll for crop productron

s and the surtab
and 1f the sorl has an excess of:

: ‘the hydrauhc charactensttc
alts are desrgnate

drc sotl Sodlc sorl

d as sahne so1ls

S of soluble s

exces

s tend to have very poor sorl structure,

um, 1t 1s termed a so

. exchangeable sodt
artlcles (erlpedra, 2001)

‘due to swellmp or drspersron of sorl p
delay or prevent crop gernnnatron and can. substanttally 1educe s

se of the hlgh osmotrc pressures whlch develop o

Excess sorl sahmty wﬂl

'}the amount and tate ot‘ plant growth becau
plant These pressures whlch appear to be mdependent '
In addrtton, some ‘

‘between the sorl-water solutron and the

f the type of salts present greatly nnp

air the plant s abrhty to absorb water

adverse effects due t0 sahmty can mclude nutntronal nnbalances or toxrcrtres eaused by specrﬁc :
ies). In sufﬁcrent concentratto , even

1ons (e 2. lboron, whlch 1s toxre in very small quant1t1
‘ beneﬁc1al s.alts (fertrhzers such as potassrum mtrate) can become tox1c to plants (Ben, 1.003)
In at.ldttton to the sorl chemtcal charactertstrcs menttoned above the soﬂ must also have

an adequate supply of avarlable plant nutnents Many chemlcal elements are essentral | for plant
cessary to obtarn large and satrsfactory crop yrelds These meludt, calcrum, :

sulfur., and many

: growth and are ne

carbon, hydrogen, 1ron, rnagnesrum,

n the type of crop T

ce elements dependmg 0
ent of the soﬁ (Wlktpedta, 2()0 l)

| plant depends to a large extent upon the morsture cont

potassrum, phosphorus

mtrogen oxygen,
of these nutn ents to the

other trat he avarlabthty

2 4 Water Requrrement for Tomato W | |
nsrderably after short p

1elds decrease co enods of

srstant to drought Y

y espectally durmg ﬂowermg and -

Tomato 1s not 1€

1s 1mportant to w

‘water deﬁcrency lt




S

| 'fru'rt formation. Theamount ofwatefr‘ that 1s needed depends";on the type of soil and on;the

1a11y rmportant to water regularly (e.g 3‘

weather
ek should be enough About -

ure) lt is espec

‘ (amount of rarn, hu.mld ty and tempera
Under good crrcumstances once We

es a week) on sandy sorls.
1 condrtlons ab

; trrn
g hot and dry‘ ',

out 70 mm durm

20 mm. of wat er per week 1s needed under coo
Watenng plays a major role 1n attarmng umform ma unty and reducmg the 1nc1dence of
water supply and the- )

penods
physrologtcal drsorder assocrated wrth megular
mngatlon '

blossom end rot a
There are several

resultmg ca] crum deﬁcrency

methods whlch mclude
st method by pounn

dykes (ﬂood m’lga

m the frutt dunng 1ts enlargement
surface mtlgatton, sp er ungatron and dnp mgatlon Surfacesf
atron) or onto ﬂat -

g water 1nto channels (furrow 1rr1g

atron is the srrnple

ﬁelds that aré surrounded by small

1k1p 'dla, 2005)

| rrng
1on) ensurmg th t the water fis evenlyvr

. drstrlbuted (W

1gn of lrrlgatlon Systems |

2.5 Faetors Affectmg Des
consrdered m thls study,

' 'Ihe followmg are the factors that wﬂl be

ater w111 :

: 2 5 1 Inﬁltratlon Rate
ttme rate at whlch w

1rr1gators 1s the
on can be defmed as the path of

great 1mportance to

or the mﬁltratron (Musa 2003) }nfdtratr

thlS process relatlv

The property of sorls of

mto the sorl

percolate
ater apphcatron,

€ to the rate of W

hqmd water mto the s011 The rate of
determmes how much water w111 enter the unsaturated sorl zone and how much 1f any, wlll]

MunnS (1999) There

ommumtres surf

fore th1s sorl physrcal paranteter is of paramount unportance to the "

ce runoff deep per

gement of an 1mgatron system (Hrllel 2000)

fﬁrunoff
colatron and plays a dommant‘v ‘

water economy of plant c

, role m the successful desrgn and mana

mm of wate

sorb ahnost mstantaneously 100 to 200

A cracked clay soﬂ may ab

'S have ﬁlled and closed asa result of

crack



rtt\e water 1s hle to mﬂltrate, a;hd‘

nsely structured sorls, very l
e under the im

or othemnse de
may a\so dtspers
orl) Thrs happens partlcularly

s at the begmmng of the ramy se
rnuch of the rarnfall

paet of ramfa\\ and clog

' compacted
asﬂy results in p

E ramfall € ondmg Sorls
in many .ulty

cappmg of the s

urface seahng or
ason when they

the surface pores (
loam sorls m the serm artd zone
tron As a resnlt

sed to mtense storms wrth httle vegetatrve protec

off the land (Musa, 2003)

and fme sandy

are expo
tlon event than it is several

rmeters of the sorl shortly aftcr

Lruns |
The mﬁhratton rate is much hrgher at the begmmng of 1mg
Aorsture tensron may be zero m the surface mrll
downward force (

hours 1ater 8
thus causmg a \arge

wettmg and may be very hrgh a few mrlhmeters below,
m addrtron to gravrty ) pulhng water mto the unsaturated sorl Several hours at’ter wettrng, these o
s dommant force 'causrng

ry small and gravrty then hecorne
e m ramfall

ensron may be ve
sorl 1s of 1rnportanc

drfferences in t
mﬁltratlon The decrease of mﬁltratron wrth trrne after wettrng a
ent Knowledge of spaual average vahle of thls

ff studres and u?rlgatron managcm
e rrrrgatron. Much 1s

charactenstrc is requn'ed for desrgn evaluatron and optrmrzatron of surfac
known about how water mﬁltrates the sorl yet we ‘are unable o predrct wrth reasonahle |
s 1arge1y a

the rate that water

result of the magnrtude of the temporal
search (USDA, 1998)

orl Thrs lack of predrctrve capabrhty i

111ty of 1nﬂ111atton

certamty wrll rnﬁltrate the S
and it has be-g

and spatral vanab
consrdered as a major area of future re

2.5. 1.1 Factors mﬂuencmg mﬁltratre.., k-

sorl mﬁltratron Some of these are, f L

A numher of factors rmpact

Compactron. | | _ | e |
Compactron reduces mﬁltratron the rnost rrnportant source of cornpactlon is by machrnery A
k compacted zone (plow pan ) or. an 1mpervrous 1ayer close to the urface restncts the ent:ry of
ondrng on the surface Ploughmg agmcultural lands

“mter mto the sorl and tends to r 'sult m P



U

al 1985) reducmg sorl porosrty»

1l compacnon (Lmdstorm 1984 Blackwell et

sron of permeatm

‘ produces SO!
e the densuy of the

g ﬂulds atr and water Becaus

through the partlal expul

s reduced by the compactlon .the mﬁltratton rate 1s also i

mechamsm

,largest soxl pores i
nin furrows could be applled in some sxtuattons

llel 1980) The use. of compactlo ,
1o 1mprove the unlfonmty of advance and snnphfy 1mgatlon management (Allen, 1992) o : 1 g

dummshed (H1

structure and sonl texture. TN

i Aggregates,

tructure and texture (Smger 'and ,

argely mﬂuenced through sorl aggregates,

“lnﬁltrauon is l
y sml structure have a

l999) uOllS that have stable stro granular or bloc

ng aggregates as

: Munns
: htgher mﬁltratlon rate than smls that have weak masswe or plate hke structure Sorls that lhave |

olume) have lower mﬁltratton rates than sotlﬁf, tha

f51m1 ar structural 51ze (havmg a less pore v

" have a larger s.tructural sxze. ’,

Poi‘es’:’ g W
attons m studylng water ﬂow through unsaturated sotl They are

Pores are 1m]portant consrder
Volume of pores greatly ,4

movement of solutes and pollutants through soxlss

channels for raptd
ess. The blgger the volume of pores the hxgher wﬂl be the

mﬂuences t]he mﬁltratlon proc
res that are connected to the

surface are excellent

inﬁltration 4(Htllel 1980) Contmuous po
cOnduits' for the entry 1nto the s01l Dlscontmuous pores may retard the ﬂow of water because of .
have been deﬁned by vanous authors (Allen and

£ alr bubbles. Pores (macro pores)

, entrapment o
1992) as havmg caplllary“ potentlals greater than

-01 to -10 Okpa or ."'quxvalent

Mus:ck
s. Orgamsms such as earthworms mcrease the amount of

to 10000 mleron

o a331st the processes of aggregauon that enhances the proc

dlameters of 730
ess of water-

| 'pores ancl als

| mﬁltratton (Wtktpedla, 2902) =



eugth A crus, on the soﬂ :»,

/';Soll seals and crusts reduce sorl mﬁltratron' rates aud mcrcase sorl stt

1 The mﬁltratron rate“ ‘

ysurface can seal the pores and restrrct the entry of water mto the sor
seal is much lower thau the rest of the sotl mass Surface seahug in’ a furrow o

through a surface
occurs when tht., velocrty decreases below a certam value. The formatron of surface seal rs\*
abrhty clay content and orgamc matter. The thrckness of .

: kmﬂueuced by so11 texture aggregate st
attah et al 1998) Wct surface crusts have

g whrch mrtrally mcrease the :

a lower mmal i

1s lmportant (F

rust aud type of crust
11s expenence crackru

, mﬁltratlon than dry crusts because dry so

; : mﬁltratron. f,: j;‘ ;j‘ *;:j g T

SOll morsture content
or amount of water 1u the sorl affects the mﬁltratron rate of the sorl The mﬁltratron‘f

:The conteut
orl becomes wet S

gher whcn the sorl 1s nutrally dry aud decreases as the s
or swelledshut o

' 1rate is generally
are open in dry 5011 and many: of them are ﬁlled wrth water

o Pores and cracks
s to the rate of”'~

mes wet As they become wet the mﬁltratlon rate slow

hen thc scrl beco

fpermeabrhty of the most restnctwe layer. (Meddma et al 1998) e e

L

ad or’ ahve, Lgenera\ly assrsts the process of 0 et

Orgamc Mattcr

ant materral de

An mcreased amount of pl
’dmﬁltratrou Orgamc matter mcreases the entry of water by protectmg the SOll agglegates from
S, broken from aggregates 'can clog poresl

f ram drops Partlcle

‘ rbreakmg down durmg the 1rnpact o
n mﬁltrattcu Other factors mclude Water temper ature and

and seal the surface causmg decrease i

(Slngh 1997)

and 1rr1gatlon wrth low quahty water

of stones m the sml

' chemrstry posmonmg




lnﬁltratron Rate "

6 Determma tlon of
cvd

ed as the amouut of water taken in by the sorl over a perr

centrmeter per hour 9 cm/hr) Inﬁltr

1'> therefore desenb
rmmed

2 Inﬁltratron rate
atron rate can be dete

Thrs is known to have a umt of
'ameter of the mner rmg IS 3

ﬁdouble mﬁltrometer. The'

: wrth the use of a smgle or,

the drameter of the outermost rmg IS 600mm (Musa( 2003)

Cylmder Inﬁltrometer Lo Sy
w1th the dnameter ox 300mm for the mner cyhnder and 600m”" for

duvmg plate set

Thrs 1s a metal cyhnder
m was drrven mto the 5011 usmg a

er in wlmch both have a herght ZSOm

the out
ent the blow out of

avy hammer to some heads so as 1o prev

ponded in the eyh
ut one—half of the depthr of the

e et al 1956)

on top of the mﬁltrometer and a he
effects around the bottom of the cyhnders Water is ders to some depth and
when the water 1eve1 has dropped abo

at subsequent times. (that is

e added to return the water surface to 1ts mrttal pomt (Hars

oyhuder) water should b

2 6 1 Relatrve Humldlty o
as the amount of water vapour in the air at any grven trmSe

Humrdrty is descrrbed
han that

ch 1s usually 1ess 1

whrle relatrve humrdrty 1s the Water m 'a:lr, at any grven trrne whr
alcu\ated in relatron to »saturated

red to saturate the arr The relatwe humrdrty is generally c

requr
yma 1993)

| , vapour densrtyv (Cl

-transprratton (ET;) /"asrcally

fer of water vapour ‘from plant and sml

s

the leaves of trees Transprratro'

aporatron of water through the pore



management strategles for crop produCtlonat both farm and 1rngatlon scheme. (Martmetal,

i

ant water lossfrom a'w

Evapo—transplratron is & srgmﬁc
refore the anrount of water leavmg a V{

| and land use sxgmﬁoantly affect evapo-tr anspu atrou and the
ansprred through leaves» comes from the roots plants wrth deepf

watershed Because' water tr

ater Thus herbac ‘us platf _:s tranSplre Mless mahi

woody plants keep therr o

re constantly trans’ 1re w

eachmg roots can mo
'wood plants because herbaceous plants lack a deep taproot Also,
the spnng, m =

structure over 1on;v wmters whrle lerbaceous plants must grow up from seed in

on m the spnng

contnbute almost uothmg to evapo-transprratt

" seasonal chmates, and wrll

(Martm et al 1998)
used to‘{ .

o-tran .plratronl cannot be rneasured drrectly Pan evaporatron data can be

Evap
atlon and evaporatton of mtercepted ram on vegetatlon are

evaporatlon but transprr

S usually found by cre

‘ estlmate lake
known or estlrnated e

unknown Evapo-transpuatron i atmg an equatron of

such as precxpttatton and outputs such as s

' nputs mto a watershed

ulnputs and outputs are known, hydrologrsts can solve for evapo-transprratron (C

9,

, 1990)
or level of maturlty, :

plants growth stage
d wmd The followmg

Factors aﬂectmg evapo—trausprratlon mclude the

}percentage of soﬂ cover ‘ solar radlatlon temperature

,evapotransprratronﬂ equatrons wrll be consrdered Hargreaves eq

Hamon 5 equatlon and Blaney-Monn Nrgerla o

2.6. 3 Fleld Lapaclty

The s01l is. sald to be at ﬁeld capacrty

gmﬁcant evap

Pth ( say <1-2m below the sor irfac

de pletron A

o-transpu‘atrve sorl mmsture

: “percolatron has vrrtually ceased whrle no s1

curred When the water table 1s at shallow de

has yet oot

tream ﬂow If the other TN

lemmens, e

u“(tron, Penman s equatron,, A




When the water

| the ﬁeld eapaclty 1tuatron approaches the equllrbnum S()ll motsture proﬁle.

ecomes estabhshed 1n the ﬁeld smce consxderablo“"

table 1s deep an equlhbnum proﬁle never b
| adyk'occurred by th nme the

e the water in the 1ap1dly dramrng o

deep 'pcrcolatmn process has’i" o

evapo ‘transpl)ran e deplenon has a ;e

ended ln such eases, ﬁeld capam refers to the srtuatxon whe1

percolated through In a ready drarmng scnl i

macro—pores in '(ht. upper soll layers (root zone) has

after ramfall or 1mgat10n (Cletnmens, 1990)

s proﬁle tlns s1tuanon reached wrthm one day

2 6. 4 l)epth olE Sml and Root Zone I)epth
Dependmg on the thlekr ess of the topsoxl on wlnch plants can be grown, scnl can be:" ki

texture and loosegj S

edlum and deep Usually deep sorl havmg a medrurn

l’classn'led as shallow,

plants to root provxdes for ‘he storage of a large volumeof"rwater in the toott ,‘

' structure pemn
owth for a longer penod m between two'eonseeutwe R

vzone depth and ca.n sustam the plant gr

ore frequent 1rr1gat10n resultmg m a loss of water due to

:1mgat10ns Sha]llow sotl requtres it
as a result of whlch the crop yleld 1s’,

low sorl beco‘“" stunted

"evaporatlon Roots in "shall

t roots penetrate and extract e

The root ‘zone depth is. that depth of sorl into: whlch pl

rowth Whereas the depth

of S()ll 1s ﬁxed the root z:one depth

fvmois'ture and nutnents for 1ts

'w1th mcrease m the age of the plant

gely govemed by the root zone depth In early -

The dep and frequency of 1mgat10n is lar

gatlon apphcatlon should be small to prov1de morsture S

*roots are short the depth n:n

stages when
f 1mganon apphca io]

th only But the number 0

as soon as the small depth of water gets i

011 in the root zone dep

to the s

desned morstu' ‘ content

mcreased to replemsh the



f nesnpnf Experimental Site
d about 45 kllometxes from the State
emment Area whlch has a total l land mass‘ of

o 1s an agncultural commumty 1ocate

Tunga Kaw

shxsh: Loca Gov

p1ta1 located w1thm Wu
and 19 9IE and latltude of

879km nger State is lyulg apprommately on longltude of 6 34
at Northwards by Kaduna and Kebb1 States ‘and theeastem : v';" s

¥ ’.’a6l 52 03“N ,The sxte is bounded
d in from the southem zone she '

a and Kog1 State a1
and Kaduna.

Rwer nger The entn'e State s dtamed by nvers nget

de by the Federal Capltal Temtory, Abll]

haxes her bo _ndarv wuh

i

type Wlth a sparse dlstmcnon of thte

i

und m thls area is the sandy 1oam
the ‘esxdentsyof major cmes in.

The ma]or soll fo
= clay sml and sandy smls T, vlS has SO, far encouraged
lger State to 5e the 1and for agncultural actwmes such as fan mg and grazmg by

Wlthm the senn-wood land ot tree forest vegetatlon belt w1th derwed
gumea savannah (Fubat; ' 1986) Thts is

dt'"yr'grasjsﬂovrvsluub land known as the south m
' the savanna;b grass/shmb 1and of thenorth and

known as th ; transmon belt whlch hes




perenmal fohag«u (Musa, 20()3) Srmrlarly, due to hurnk | activi "" andland use abuse whrch 1s
,’ charactenstrc of most expandmg urban centre 1n Nrgena, the srte is fast losmg 1ts remarmng tree' ‘
specres to development Along some of the seasonal rrver course and lowland areas, thej |
’ 'vegetatron is more wooded and resembles some forest afﬁmtres (Musa, 2003) The area 1s Sl'.lll

s bemg used as farm and grazrng land by the resrdents of Mrnna and her envrrons

. 3 1 3 Clunate

3 1.3 1 Ramiall

)
u

Tunga Kawo, generally is known to experrence rarnfall s1mllar to that expenent,ed in :
v ana from the month of May to the month of October and on rear occasrons,k to Noyernber. It
: its known to 1'each 1ts peak between the months of July and August Towards the end xof the
] ramfall season, around October, 1t 1s known to be accompamed by great thunder storms' |

,;Tomatoes grow best in reglons of moderate ramfall (50- 750m per annum) If th J amfal § ‘1s’to Sy

: vheavy, frult rottlng tends to occur (Sam, 1999)
: ,3.1;3.2 ._Teimiierature

The maxrmum temperature 'perlod in thrs area is usually betWee“nf the months of :
kFebruary March and Apnl wluch grves an average mrnlmum temperature record of 389(3 and :

: max1mum temperature of 35 C (Musa, 2003) Durmg the ramfall penods, the' temrperature*’v o

: ,w1thm the area drops to about 29 C

3. 2 Land Gradmg Survey

i

Tlus was done by usmg the : ﬁeld boundanes under consrderatton, fo

’,establrshmrent of a gnﬂ( system over the ﬁeld and set stake at the

. was taken to be 10 x‘ ' Sm usmg ﬁll stake




3. 2 1 Dry Bulk l)ensrty Determmatlon

the welght of the SOll per umt Vol

Bulk densnty isa measure of lume (g/cc), usually glv en;“ S

on an oven-dry (l 10 ) Vanatro"‘: in bulk densny 1s at’mbutable to the relattve proportton cmd,i’f] L

d organlc and morgamc partlcle

S and to the porosrty of the sorl Most o

specrﬁc grav1ty of soh
and 20. Although bulk densmes are éld‘lbﬁil"

k 'mmeral sorls have bulk densmes between l 0

antrtatwe sorl studtes, and measurement Accordmgr tof ‘. s

;measured they are 1mportant in qu

gree of compactton whtch may;

'Marshall and Holmes (1988), bulk densrty mcreases w1th the de

A lugh bulk;

*be due to the effect of cultlvatron practrce and/or ramfall events on the top sorl

1984) Broadma.n et al (1990) noted that lbulkf

apac1ty ,Ahmed a dv

affect 1nﬁltratlon rates (Brady,

density would

densrty decreas.e is ‘_closely assoclated wrth an mcrease m mﬁltratmn [

nsrty and mﬁltratton rate of sml ‘tested m:

) strong correlatton between bulk

5 Samaru Kadwna State of ngena

ngen srte, two of the spots where

§

Aﬁer all mﬁltra‘oon rephcates had been completed in a
plasttc sheet to prevent evaporatxon for about i

k measurement had taken place were covered thh a

s determmed m the same way as the rmttal motsture

twenty-four hours The ﬁeld capactty wa

‘content The bulk dens1ty D) was calculated from the equatton gwen below.

: (Wetght of dry sou+can) (Wetght 0 f empty can)
(Volume af core sampler) ; S

3, 2 2 Flelcl Capaclty Determmatlon
er or. water content held m sotl afte,re)tcess waterhas _'

Fteld capactty is the amount of sorl wat

downward movement has materrally decreased whrch usually

dramed away and the rate of

on'in pervmus sorls of umfo

takes place wrthm 2—3 days aﬂer a raln" )y 1mgat1




ttron of ﬁeld capaerty (expressed symbohcally as ch) is the bul

texture The physteal deﬁn
—0 33 bar) of hydraulrc head or suctlon

1l at —-33 J /kg (or pr'essure.

rwater content retamed 1n so

ndmg water on the surface of the ﬁeld under consrdered in an PP

Thrs ‘was determmed by po
) days, whlle surface evaporatron was '

area of about SSqrn and was allowed to dralned for three (3
T three days sample was eol

w1th polythene sheet Afte

leeted w1th cudf L

i

: prevented by covered up
was deterrmned by the

'of auger from the dlfferent sorl depths and the morsture contentr

3 2 3 Permanent Wlltmg Percentage Determmatlon - o
(WP) 1s defmed as the mmrrnal pornt of :

Permanent wﬂtmg pornt (PWP) or w11t1ng pomt

orsture decreases to thls or any lower pomt a' -

; sorl morsture the plant requrres not to w11t If m

: plant wrlts and can no longer recover 1ts turgrdrty when placed ina saturated atmosphere for 12

w11tmg pomt (symbohcally expressed as Opwp or Gwp) 1s ,' |

‘hours The phvsrcal deﬁmtron of the
-—1500 J/kg (or‘—rs bars) o

‘method used to determmmg the Permanent w11t1ng P

t allowed to’ wﬂl and then placed m al i

or negrattve !

X

f suctron pressure,

ndeﬁned as the. water content at
omtwas““k*' e

\

hydrauhe headl The most eommon

to grow mdlcator plant m contamers sun lower pl
mately saturated atmosphere (usually 15 atmosphere) to test for

'lchamber wrﬂh approx1

k,penpanent winltitng.

3. 2 4. Determmatlon Of Crop Water Requlrement (CWR) g i o ‘?:;.,, ” S
W 9)1'ePOrted bY(Alla, e

Thrs is obtamed by usmg the follo mg equatron (Mtehael 199

20100



‘Where CWR is the Crop Water Reguirement, |
'md‘Siéthe,‘soilIf?roﬁlet;iintfibﬁtl e e e e e "
325 Determination of Evapo-transpiration (ET) e "
Blammey  Criddl method was bsed 1o obiained the Consumpiv Use (CU) of vater by
cropforagivenperiodwhere oo Y
| = s’easonal'consumPtivef use of water by crop for a given period, inches
e D |
K = empirical seasonal consumptive use coefficiet or the growing season_ ‘

* Sum of monihly consumptive use factor () forthe growing season

T
it

sumptive e coefficient for the month, o/F

v ‘- .

¢ = mean monthly temperature, °C

— mmontly daylght hours expressed aspersent of daylght hours of the year.

e llowing eaionshipsfor {fsor expresed i mey)

e They have recommende

e

| "i»ﬁfBléri}ey + 'Cnddleformula ;




season is =325mm




k; 'maxnnum poss:ble net apphcatlon depth is 75 mm

: Table 3, 1 below glves a dlstmctlon between soﬁ types and avallabte water oontent;,

L1tt1e water bcan be stored 1mgatlon w111 hav : to take place
‘frequently but little water is given per apphcatlon
“In loamy soil more water can be stored than in a san 4
V _»shallow soil mgatlon_water, is applied less frequentl} and
" miore water is given per apphcatlon S S
In clayey ‘soil even more water can be stored than in
~medium soil. . Irngatlon water s apphed even 1ess:
. frequently and more water 1s gwen per apphcatlon

 evapotranspiration. Do

SN ~CLIMATIC ZONE
WITH DIFFERENT“ ‘

5 EVAI’OTRANSPIR §
' ATION mmlday '

Desent/and
 Semi arid -
- Sub- hmmd

Humld

O




342 Determination of irrigation ‘scgh‘?dhuls

The s1mp1e calculatron method to detennme the 1rr1ganon schedule is based on the estrmated ‘

‘ depth (m mm) oEthe mgatton apphcatrons, and the calculated n'ngatmn water need of the crop' : :

over the growmg season. The snnple calculatron method is based on calculated 1rngatron water o

[‘needs. Thus, the mﬂuence of the chmate, i e. temp ture and rarnfall 1s more accurately taken,
1nto account The result of the srmple calculatlon method w111 therefore be more accurate thanﬁk“

" the resuft'of th,c estimatiori tn‘ethod., A T

Table 3 3 below shows the srmple calculatton method to. determme the 1rr1gatton schedule

',“whlch mvolves the followmg steps that are __xplalned m detall below.

rsm»s TAKEN f‘ T IRRIGATION SCHEDULE

: ‘Step 1 : . " ;_51 ,‘7,1 \7 F,Estlmate the net and gross 1rr1gatron depth (d) e

: ’Step2 ; o .i' ate the i n‘rtganon water need (IN) in o
P R N N ER m‘mm,ov“ thetotalgrowmgseason

. Step3 : ) “Calculate the number of 1rngatron apphcatlons
IO S R R overthetotalgromngseason ~ L

Step 4',,_) e f"f i tf;‘ | Calculate the 1rr1gat10n 1nterva1 1n days. |
(BOUWER H 1978)Pp 97

 Step Ai‘:EStiiimate the net ja'n'd gross irrigation depth (d) in mm

'The net 1mgatlon depth is best determmed 1ocally by checkmg hogv mnch Water is gwen per'A' ‘

: jn’ngatlon apphcatxon w1th the local ungatlon method and practrce. If no local data are: easﬂy

« kj.avallable, Tatble 1 can be'used tonest mate the net 1rngatlon depth G} net) in mm A b be seen' i

from the table,




and on the soxl type. It must be noted that the d net values in the tabl

only Also the root depth is best determlne"d locally‘ If no data are avallable, Table 2 can 'be used

. whlch gwes an mldlcatlcn of the root depth of the majm ﬁelcl crops., e

Sl

soil
Loamy soil

Clayey soil

DIFFERENT FIELD CROPS

Crucxfers (cabbage, caullﬂower, etc ), eel ery,‘

Iettuce, onions, pineapple, potatoes, spmach
other vegetables except beets, carrots

cucumber i e

| Baﬁanas, beans beets, carrots clover, cacao,
'cucumber groundnuts, palm trees, peas,
pepper, sisal, soybeans sugarbeet sunﬂower

tobacco, tomatoes

flAlfalfa, barley, cltrus cotton, dates, de_ duous,
“orchards; flax, grapes, maize, melons, oats,

“olives,’ safflower, sorghum, sugarcane, ;weet s
potatoes, wheat o




: Not all water whlch is apphed to the ﬁeld can mdeed be used by the pla.nts Part 'of the watn.,r 1s
f' lost through deep percolatmn and runoff. ,To reﬂect thlS water “‘loss, :

7 efﬁclency (ea) is used For The gxoss 1mgatlon depth (d gross), m mm, tekes mto account the

‘ water loss durmg the irt gatlon apphcatwn and is. detenmned usmg the followmgnformula

“100=d. net
d gross= --—é---—

1 el ol dat e  aailble on the field application efficiency, these shou

K

‘such data are not avmlable, : ‘

,Téble 36 shows the followih:g’ velues for theassumed ﬁeld ,appl’icétioh efﬁciehCYf

i

[

. DIFFERENT SURFACE IRRIGATION T —SSUMED FIELD APPLICATION
 TECHNIQUE __ © 7 EFFICIENCY IN%.

Surface 1mgratxon Fon i s :f'ea —-60%

Sprmkler mdgatlon’; B

” Tomaﬁoee a.re grown : on a loamy soil, Tables 2. 5 and 2 6 show that the esttmated net

” : 1mgat10n depth 1s 40 mm. If basm 1rr1gat1onbylsxused the ﬁeld apphcatlon eﬁicxency is (:0% and

a0




'dgro‘ss;-lp-é-d—-q-ﬁ't“mm rounded65 mm o e [

ulate the rrrlgatmn water need (IN) m

k’Step 2 To calcl

Assume that the irrigetion'Water' rieed (mmm/month) fofr"tornetoes,& planted 1 F ebruary and

The 1mgatrorr water need of tomatoes for the total growmg season (Feb—June) 15 thus (67 + 110 |
-+ 166 + 195 + 180 ") 718 mm Thrs- means that over the total growmg season a net water layer

of718mmhas to be brought onto the ﬁeld Si L S S k

Step 3: To u:alculate the numberof irrigetiOn iﬁpﬁcaﬁorrs over t‘he_,_total',gif‘oWihgfse:}nsmr 4

 be obtamed by dmdrng

1ons over the total growmg season can

by the net 1mgatron depth per

The number of mrgatron apphca
the 1mgatrcm water need over the grov\nng season (Step 2)

on apphcatlon 1s 40 mm (d n,et

tep 1) If the‘ net depth of each 1rr1gat1

‘ applrcatxon (S

growmg season is 7 18 mrn (Step 2), then a total

1), and the 1mgatron water need over the

: Step

A*of (718/40 —) 18 apphcatlons are requrred




Step 4: To caleulate the irrigation interval (INT) in days

mat'oes is 5 mojnths

Thus a total of 18 apphcatlons 1s requlred The total growmg season for to

schedule for tomatoes, based on the total growing period is:

d net = 40 mm

d grosé =65
Interval = 8 days i

343 ‘“,Deftélr";‘l'l:iniiti()ﬁ qf ,C,ont‘i‘nuovus‘ Water Flow‘

Interval Sday




Stream 51ze 150 L/mm

Fn—-C /b 325—70 /0618
05334-

»op.portuni,ty;,titne or time of pounding

This the time required for the unit flow rate to advance to the downstrearm end of ;the




TT—TXR 163><195 318m1n

inﬁltréﬁdﬁ ('Sppo ty time

1ng to Larry (1958) the tlme that water ﬂow mto basms,

(D) (As)

T s

0 15 >t.2500

31 8
60000 xo 15




_NTT{DDIRE;
1440000

DDIR = design daily irrigation requirement (mmy/day,

D = desired depth of in

L PRI




n = Manning' coefficient (0.02, for straight and uniform channel)

36 Design of Delivery

i 361 : Desngn of Canal Flnﬁ'é o y

“The quantity of imigation wafer was obtained by using the equation. described by

 Micheal (1999); -

= quanﬂty of 1mgat10n jrvlafqr m/s

d = Net application dept -

time required to irrigate the field o

= constant value, usually faken o be 100

e The de51gnefﬁ01ency was éSsuxﬁed"td be 60%

The fb}loWitxg éSSuiiipﬁbns were m;ide; v

- Manning’s coefficient, n




—

4

— = .

fsmall u*ngatlon can al up to 1 Sm /s whlle for the drams of the ﬁeld crop is sald to be

Freeboard height of barik over water sirface fro open canal with discharge up o

o

The stream

51ze that cames the water from each mam canal is gwen by




 20x10*x0325
800 x60x 100

Design pacameter for main canal

;'Sl‘de:svlo'pe,, m =15

 Wetted Perimeter

 p=b+2mT

B

is calculated

 The hydrauhcradms

_ 098 _go86m
093




. 0.086*2X0

* The rate of dischafge (Q) of water from the canal is calculated for from

| While the ﬁeeboard is calculated for from.

e Frocboard s caleulated foras




w1dth of the water body passmg through each of the canal is, cal ulated for as,

oax1o4x00325
720 X60 x1oo




’ Thé desigﬁ pazréihetér fo 1 1s ’Vsho“',\'&n below ,

- Q (stream éiz.ei fordemgn) e R

 Roughnesscoefficientn
Assummg the vaiﬁes of b and hare 06311(108 ieSpthiﬁfely.

e s




_————

geasir

| 0@t =204




freeboal‘d =’

= b+2hm

= 06420805

D~ Netapplicationdepth




. _ ax10txo00328 .o B e e R h
. ‘ 720X60X100 o T T T T e
4320000 e A e T e L R e R e e :
. :
’ql“)l' . . :"
.
. ‘ L :
Q(stream size for design) . ' ' T :
“' CBedslope o i
“; 'S_id{a;slol")"‘e,_n} i L : e
| Assuming the values of b and h to be 0.06m and 0.04 respectively - . :




| P=b+2h\/'1}§7-—}-_i |
. | P =006-| 2 (0 4)@;‘]
= ozom S
| ﬂﬂ@ﬂw—iﬂ_—.—u&dws K
)\ R=% Ly
5 ooaam
Velaity o Flow (1)
‘ ___"‘_o_.024;/‘fM ‘
ey
Q =AV e
= oo




00 (d h) 20d

80d = 100h

 Water 1m) m@_@

(< bedm




0 N % G . - . - 4 .

‘ Bed_f‘slopey(m)ﬁki S T 15

. B ‘
.  Manning’s coefficient - - :

Rt d B oy |
- 05)04) +ASHOIF SR e
- oam B L

o - , § b . : _ Sl
. p=05+2(03)y(15)? |
. = e o R N ,,
- . Hydraulic Radius R) P LN e
f A ' : o SR *
7 R b P g B r ‘ "
. , el , : ,
1 Velocit " ’ s S
, : noo S oy [ o
. L . 57,

" By trial and ét'ror; thevalue of b and h were é$$umed to be ‘0;5,‘ and ;Ov.'3,i;‘e;spe‘éﬁirely. -




Coapfxestr

= 0110m/s- .

but. - s

: 100h T ‘

d . -

100X 03 _ na L ey
g0 e

: : o % S . : :
SR ; ' : |
e . -
o .
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1.64m

Water top WIdth (it) s

t : f b+2hm :

05120H15) iy

3.4  Design of Pump Size

This s a function of expeeted discharge of the field channels.
The expected diséharge, Q=__ a{ci :

Where, Q = éxpe'cted' discharge; m’/s

area to be irigated m”

= Net appical

n dept

= 100 (constant)

= 720 min, time required

‘ . 4X10* X 0.00325
. 720 X 60X 100

= 03imYs




S o S CHAI’TERFOUR “ o |
- ‘, Cap RﬁSULTSANDDISCUSSIONé | |
41 RESULTS V. |
411 k(»Z‘r‘op‘b\’Vgtve?‘«l‘le?jui;éi‘nie_nf | | : | : B B S
The désig'n:e‘d consumptwe used v#as estlmtéa to bé 1 2mm fof the ;:;op gmwth‘ f)énéd | |
4.1.2 'Labu»ljatéry éxperiiqentsvre'su;lts‘ o S o :
TABLE 4.1: s;;n tégmre for vanous S(ﬂnil‘typ(esf | : , | v
smmmm(éy.,)‘ e L T b

LAY 510

“LOAMY+<CLAY 450 s R |
Fhe values contamed in table 4, 1 were obtamed usmg United State Department of Ag?,ri'cultui‘e»

(USDA) method of 5011 c1ass1ﬁcat10n. 4 B
TABLE 4.,2 leferent parameters gotten from the soil e

S/NO. FACTORS CONSIDERED OBTAINED VALUES FROM STUDY

1 jBulkdensﬁy(Kg) A e 1.06

2 Pemmnentmlﬂngpercentage(fﬁ) o 15'70: -

3 \Fleld capamty (Usmg grav1me‘mc method) 30 50 R S Sk




TABLE 4.3: Water Distribution Network

DESIGNE ~ BED SIDE  FREE
ip . SLOPE. SLOP - BOAR
'DISCHAR  (%). = E(%) D (m)
GE(Q) - , L
m’s) -

"IRRIGA  MANNING’
TED S
AREA  COEFFICIE
()  NT .

TOP .

WIDTH
(m) .

WATER DEPTI
WIDTH(

N 40000 00200 . 00166 05000 1.5000 0.0400
CANAL , ( A : 000, ;- 9%
SECOND" 2.0000 00200 - 02100 10.6000 1.5000 - 0.2000
ARY e o T T S : P ‘
CANAL i En
CFIELD  4.0000 00200 00014 ~ 0.6000 1.5000 0.0500
'CANAL L T MO "

DESIGN 40000 00200 - 00037 . 1.5000 . 0.3000 . 0.0800
FIELD
DRAIN

0.1000

3.6000

130000 0.7000

0.1800  0.0300

09300 0.1600

-

413 CharécterisfiCS' of Basin

Net water application T ,3‘25'111:’111 :
kI’nﬁhratiOnraté’fg O T 75 mm/hr :

i i

ACcutx;uiated mﬁltratlon deéth I . 20rom/hr
‘L]Elé\_pseﬁme: - . S 32 min
Opportxmltytlme = L 163 mm :
Adx}ancedﬁmg '» o ., s s '31.8min
Inﬂdﬁtime P T ' 31.8min
Nmberofbasmper p'lot‘f : | ::'j H ’9’ “ o

”1rrkigati0nyintetval; L E . 8 days




4.14 Economic Analysis L
The followings are the various cos‘tjslreqy;ui'red to implement the designed:

4.1.4.1 Fixed Cost R L

i Surveyingof land 4 haat M2, 00000ha = M8,000.00

, g

i+ Land development at 24,00000ma 216,000 00

ii. M m ;iisfribu”ting:aﬁdaﬁe‘ld ;hannel, e oM, 000.00 *
. Dreins ‘ f - | | S =ém"o,l00(5.00:i |
vir Tma‘iniﬁ’aliﬁve’sﬁpems* e émsé,ogo.oov |
vn - Additim;l’ ofl()% forcont;né;ﬁcy' o = &iS:, ’9’00.00‘

| .Gfandﬁota} S ’ ;mo7,9’i(‘50'.00;7
4142Anmllty L S : |

The ’1i’f'e, span of the ﬁrojéét is 15 years by at;ply‘gng the formﬁla Vlzus;}um.;ﬁr and ;'(thf: annual

 fixed cost of the project is calculated

_ PatDn - S ‘ . -
. (d+dn-1 - SRR o . B ‘ SR

~ Where;’ A = Annual cost R S R

L

‘P = Capital

” | < ‘ n= ,fl‘ife spanofthe pmjéct; - . i S




o Ammg;i ‘inter'eét; rate (5%) ;
A= 267900} 6.05 (1+p.o‘§)k>15 | | | (
(@r005) 15-1 ‘ | ~.
147 o g Sl
=N 111.137.51(
The anﬁua][ cost m term of capi‘ml: éipéﬁditmfe” is 5}14-1(‘1 , B?.Sk
v,v4."1>.4.3.>)\i’ariabl’e Cost . | A | o | ) R v’ : x
L Land preparation 4h§'5t'g206§/hg = gs, 600.002 | E ’
k’ii. ~ Seeds ! : R | %&2,50000 | .

350000

il W’,eeding :

iv. ~Labburforirrigaﬁon - M6,000.00 BRI

i

Voo Fertiliierapplicatidn s M3, 500.00 S e t o

ol = M23,50000

The annual cost of the project is the sum of ﬁxed costs and variable costs. |

¥

Thefefdré | '
_ 11, 137.5k +2923,500.00 b
~ 34,5375k
63 . "




,4.1.4;40u1;put A e =

The seasonal expected y1e1d per heetare is 8 tones ., ;ﬁ |
| Totalyieldfotthe‘axez»n;iﬂ.b‘e8x4k}%~} | 32;@55 e - e ; -
Ccvstofproductperten £ = : i N:é, OOOOO
'Theiefe're; to{al 'expecteci pei s = : 5 X M5, ‘000.{)0 -
\ | S o h160,00000 |
4145 Cést,Béﬁeﬁg Ra»tie‘h LU | |
sl sl costof e poiedt i i
Tetel a#pual beneﬁtfmmthe ﬁmjectt “ ; = %Hﬁ(},()()()()()
- Therefore, cost benefit ratie is 1 ;’4 SR PRt ,

' i @ R . v

42 ’mchSSfI.ONL OF RESULTS

As w1th other 1mgat10n systems the des1gn of level-basin syst‘ems iﬁs an iterative .

process It mvolves adjustmg eystem 1y0uts inflow tlmes, streamk SlZeS, basm

Jdimensions. N :
: The mpoﬂance of econor nic analysis is to determine the ‘proﬁtability of an investment
, of compaxing the proﬁtabﬂlty of two or more *z‘a’lfxemhtiife inve_sﬁne‘nts. :

: The life span of the pr()]ect is 15 years usmg the formula = _---——-f 15;;)_’:




WheICA i Al.lrﬂyu'al‘c‘(‘)'st , | : _’ i TS A ‘

‘ | P = *’Capi’tal“"v | ( ‘; o e ) |
| n = hfe span qf thé pI‘OJeCt ; | P fis

s i‘ '=’ Ann'uall ix;téljest rate“(S‘%)% k B
The annual fixed Vcos‘é of the proj'eét in term orf’ capitalke;i)endimf’e ﬁ(ﬁxeg’i cé;ost) was
~;51cm5ted and the i;gsuit is NI1,137.5K hile the variable cpét is u‘zz,soo.od
Th«ereforé, the annual costk.of the ’ptAoje;:’cvt Wh%ch is the sum jo’\f fixed cés;s and variable
costs 1sN34,5375k el L e _ : A




. CHAPTERFIVE

C()NCLU ION€ AND RFCOMMLNDAT]()NS LT

‘51  Conclusions =) o e

| P BaBed on the research and econo[mc ana1y51s eamed ou t, 1t is eoneluded that ﬂhe pro;ect

1s efﬁcw t with a cost—beneﬁt ratto of 1:4.

2. ‘ Tlns projeet pr poses the development of an area : for' ,maximumk prodvq}etivity by

A plowdmg efﬁelent mgatlon through surface mgatlon system. f
3. ; - lt is also coneluded that the pro;ect has good ootential return on investment.

52 Recommendations

§

‘Despite the COneﬁaint, the projeet is commendable, wable and should be developedé, It shoold be

put into practice to know: if what was calculated theorettca]ly actually conforms w1th what wﬂl

boonthefield. Gt N s e s T
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SOURCE: (ADAPTED FROM USDA, ARS TECH. BULL. NO. 1275, 1962)




H, , X vnwmziw B L
T SOIL INTAKE FAMILY AND THE CONST
E&Emm FAMILY CONSTANTS ,
Vo a : b c.
0.05 053340618 7.0
sie 0.6198 0.661 B 7.0
0.15 0.7110 0.683 7.0
0.25 0.77720.699 . 7.0
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APPENDIXD . Sy U
SR SOIL COMPOSITION OF THE FIELD UNDER STUDY S

4 '

SAMPLES =~ 1 2 3 4 5 6 7 8 9 10

 PERCENTAGEOF 300 295 280 1o 305 135 <259 315 330 299

SAND

PERCENTAGEOF 194 210 229 231 245 205 235 245 300 298
SILT | | S s
PERCENTAGEOF. 560 55.1 470 380 450 447 500 357 38.0 510

CCLAY e L e
TEXTURALCLASS ~ C CL € SL o ¢ L L 8 CL
C = Clay . ( - ' ok ,

L = Loamy | R

S = Sandy IR -

SOURCE: SOIL TEXTURAL CLASSES BASED ON USDA TEXTURAL TRIANGLE.
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= ST  APPENDIXE e

THE VALUES OF Cu CROP COEFFICIENT (K) FOR COMMON TIRRIGATEL
VEGETABLE = . KRR i

MONTHS COEFFICIENT (K)
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' FEB. ‘ e 0.55
o MAR. : - ' 060
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. e | S 07 s
oy 080 SR
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. @ SEPT. RE 070 o

% oct. 5 0,60 L

r NOV. 0SS e |
. CpEC. 0s0 e
. SOURCE: (DANSTANE, 1979~ : o
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APPENDIX F

APPLICATION EFFICIENCY AND EFFICIENCY AD‘VANCE RATIO (Re)

EFFICIENCY ADVANCE RATIO (Re)
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SOURCE: DESIGN AND OPERATION OF FARM IRRIGATION SYSTEM JENSEN




APPENDIX G

_; MEAN MONTHLY TEMPERATURE IN °C FROM 1999 — 2009

Year Jan Feb Mar. April 'May "Ju‘m‘a' July kAug Sept " Oct Nov
595 360 285 310 310 295 215 270 265 210 280 280
2000 265 265 300 315 295 275 265 265 27.0 280 275
2001 240 265 305 295 280 275 270 270 275 280 270
2002 201 332 351 337 303 277 266 %66 276 294 294
2003 295 322 345 350 342 285 275 270 266 281, 307
2004 200 313 343 352 314 279 270 260 307s 267 28.1
2005 280 329 359 321 296 262 270 273 299 284 217
2006 299 354 352 356 301 287 278 263 270 260 288
2007 285 322 343 340 283 273 259 264 217 301 354
2008 327 356 386 364 333 319 295 286 303 322 322
2009 357 372 352 339 318 309 298 305 315 346 337
Mean 2575 280 304 314 295 270 272 266 278 279 273

Source: Nigerian Meteorological Station, Minna. (N IMET)‘




APPENDIX H

- MEAN MONTHLY PERCENTAGE RELATIVE HUMIDITY FROM 1999-2009

"Year Jan Feb Mar April ‘M(y June July Aug Sépt" Oct Nov Dec
% Si 5 6 70 79 8 8 8 8 8 72 6l
2000 65 3 45 66 73 86 87 87 8 8 7 45
2001 57 37 ST 65 77 80 85 84 8 81 68 61
00z 25 28 39 60 6 76 8 88 88 8 56 4l
203 4 37 3 55 60 8 83 8 8 8 60 36
2004 24 24 3R 6 79 8 8 8 87 8 62 4
W05 28 37 42 sS4 4 79 86 84 8T 83 54 45
2006 50 42 38 46 78 19 8 89 8 89 50 37
2007 26 31 41 65 7% 80 81 8 8 84 64 44
208 30 29 39 56 77 81 8 90 9% 84 60 50

2009 44 40 57 71 78 8 8 88 8 86 59 45

Mean 56 44 54 67 76 82 87 86 2 8 T 6

Source Nigeﬁaﬁ Meteorological Station, Minna. (NIMET)




APPENDIX I

MEAN MONTHLY RAINFALL (mim) FROM 1999- 2009

Year Jan Feb Mar ,‘Apﬁl "May  June July = Aug “Sept  Oct Nov Pec

1999 ‘,o.oo 790 ofo‘o‘; 3570 0780 16420 243.90. 75470 237.iofmiﬁﬁ'
2000 o.ooﬁ oo 360 13500 161.00 208.80 30850 303.00 153.40 000 000
001 000 000 1570 2180 250 17120 21340 279.00 32140 179.90 46.60 0.00
2002 0.00 000 000 ,13.50,‘ 118.60 15530 198.40 23250 289.10 §780 000 000

2003 0.00 1220 13.60 28.70 - 65.50 14220 1,162.10 212.40 268.’70“ 144.20 000 0.00

2004  0.00 0.00 Q.OO 29.8 ‘131.4 1684 1348 1425 1299 41.1 0.0 0 0.00

5005 000 000 <000 289 g w6 152 oLz 1398 304 000 000

006 112 000 TR 000 1006 607 2139 1540 3100 3105 - 607 000
2007 0.00  0.00 0.00 79 360 1013 2604 1862 2102 930 000 000
2008 000 000 000 78 sy 996 1759 o84 1OLL 604 000 000

2000 000 000 425 Cea7 a2 1684 537 2018 L1 000 0.00 ~0.00

Mean 0.11 2.1 108 4838 1469 1739 5184 1906 2538 905 77 0.00

N Lo : s

Source: Nigerian MeteofologiCai Statidh, ana (NIMET)
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