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Introduction

C Irrigation is particularly crucial in sustaining agriculture acrossthe
G R B fthatéextendsfrom the Middle Eastthrough Northern China
to CentralAmericaandpartsof the United States

C Asiaalonehasover 60%of the ¢ 2 NJirrig#@ei land, both in semiarid
andhumidtropical conditions

C Irrigation has remained limited in most of SukSaharanAfrica The
199Cs saw a substantialrise in private irrigated peri-urbanagriculture
In SukSaharanAfrica in responseto higher demand from growing
citiesfor freshfruits andvegetablefFAC2005.
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Source: FAO 2006a.
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C Agriculturewith irrigation is the primary consumerof water on earth.

C Demandfor water for industrialand municipaluses,includingfor energy
generation,is growingrelative to demandfor agriculture Ascompetition
for water from these other sectorsintensifies,agriculture can expectto

receivea decreasinghareof developedfreshwaterresources
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Total actual renewable water resources per inhabitant (m?/year)
Actual renewable surface water and groundwater resources per inhabitant (in 2005)
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FAQ - AQUASTAT, 2007

Source: AQUASTAT
Projection: Mollweide

Disclaimer
The designations em ployed and the presentation of material in the map
do not imply the expression of any opinion whatsoever on the part of
FAO concerning the legal or constitutional status of any country,
territory or sea area, or concerning the delimitation of frontiers.
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Proportion of total water withdrawal withdrawn for agriculture

Agricultural water withdrawal as percentage of total water withdrawal for
agricultural, domestic and industrial purposes (around 2001)

Legend
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Source: AQUASTAT
Projection: Mollweide

Disclaimer
The designations employed and the presentation of material in the map
do not imply the expression of any opinion whatsoever on the part of
FAQ concerning the legal or constitutional status of any country,
territory or sea area, or concerning the delimitation of frontiers.
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Figure 3. Proportion of total water withdrawn for agrlcuﬁblfe"




Proportion of renewable water resources withdrawn for agriculture (around 2001)
Surface water and groundwater withdrawal for agricultural purposes as percentage of total actual renewable water resources
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X Inthe pasthalf centurythere havebeenmassivanvestmentsin large
scalepublicirrigation infrastructureaspart of efforts to increaseworld
staplefood productionandensurefood selfsufficiency

X Irrigation water was essentialto achievethe gainsfrom highyielding
fertilizer-responsivecrop varieties

X During this period more than half the agricultural budget in many
countries, particularly in Asia, and more than half of World Bank
agriculturallendingwasdevotedto irrigation.

X At the same time irrigation demand dominated steadily increasing

water withdrawals
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C Globally,70% of water useis appliedin irrigation of crops,making
Irrigationthe largestconsumptiveuserof freshwater.

C Over 80% of freshwater withdrawals in developingcountries is
appliedin irrigation.

C Irrigated agriculture provides 40% of the ¢ 2 NJfoedXéom less
than 20% of the cultivated area highlightingthe importance of

irrigation in global food security.
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X The complete management of irrigation water by the useris a
necessanactivity in our existenceasa society

x Competitionfor a limited water supplyfor other usesby the public
require the irrigation water userto provide muchclosercontrol than
everbefore.

x Today's managementof irrigation water requires using the best
Information and techniquesthat current technologycan provide in

the planning, design, evaluation, and management of irrigation
systems
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Types of Irrigation Methods and Systems

C Theirrigation systemmust be ableto deliverand applythe amount of
water needed to meet the crop water requirements Along with
meeting the seasonalwater requirements systems must supply
enough water to prevent daily crop-water stress by satisfyingthe
difference between evapotranspirationdemands and available soil
moisturesuppliedby rainfall or previousirrigations

C Typicallyas water costs increase,farm managers invest in better
irrigation systemsand management Theyuse techniquesthat have
the potential to minimize water use by more uniform water
application acrossthe field and better control of the amount needed
and applied by each irrigation. Changingor improving irrigation
methodsand systemamayreducetotal operatingcosts
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In order to be in a positionto selectan irrigation systemfor a given
area, it I1s important to look at the types of irrigation systems
commonlyused Basedon the method of applyingwater to the land,
there are three basic irfigation methods, along withh the many

systemsto applyirrigation water, include

(1) Surfaceirrigation systems m——) Traditional

method

(2) Sprinklerirrigation systemsand MODERN

(3) Localizedor micro-irrigation systems} ' methods
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(1) Surface irrigation systems apply water to the land by an
overlandwater flow regime Within this grouparethe:

|.  Furrow

Il. Borderstrip and

lll. Basinirrigationsystems
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(2) Sprinklerirrigation systemswater is conveyedanddistributed

through pressurizedoipe networksbefore beingsprayedonto the

land. There are several sprinkler irrigation systems,which can

broadlybe dividedinto:

|. Setsystemsand

lI. Continuougnovesystems
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(3) In Localizedor micro-irrigation systems a pipe distribution
network Is used to distribute and deliver filtered water (and
fertilizer) to a predeterminedpoint. Thethree main categoriesof
localizedrrigationmethodsare:

l. Drip

II. Micro ¢ sprayand

lll. Subsurfacalrip.

fppt.com



Surface Irrigation

Surfaceirrigation isthe oldestand most commanmethodof applying
water to crops It involvesmovingwater over the soil in order to wet it
completely or partially The water flows over or ponds on the soil
surfaceand graduallyinfiltrates to the desireddepth. Surfaceirrigation
methods are best suited to soils with low to moderate infiltration
capacitiesand to landswith relatively uniform terrain with slopesless

than 2-3%
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Figure 7. Typical component of a surface irrigatio’ri-’\sys_’eqﬂ; o
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o Whenwater is appliedto the soil surfaceby any of the three surface
Irrigation methods(furrow, border strip or basin),it will infiltrate into
the solilto the requireddepth in order to bring the soil backto field
capacity

0 Usingthe border strip and basinirrigation method, the entire soil
surface is wetted and the water movement through the soll is
predominantlyvertical.

o Usingthe furrow irrigation method, part of the soil surfaceis wetted

and the water movement through the soil is both vertical and

lateral.
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Figure 8. Surface Iirrigation phases
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(1) Advanced phase The advance phase begins when water is
appliedonto the field at the upstreamend and endswhen it reaches
the downstreamend of the field. The streamsizeappliedat the head
of the furrow, border strip and basinshould be greater than the soil
Infiltration rate. Thismeansthat part of the water advancesover the
soil surfaceto the end of the field and part of the water infiltrates into

the soil. The time between the start of irrigation and water

advancemento the endof the field is calledthe advancephase
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(2) Storage or ponding phase Whenthe water arrivesat the tail
end and the water supplyat the head s continued, water floods the
wholefield. Somewater continuesinfiltrating into the soil,somewater
pondson the field and some excesswater is collectedas runoff. The

time elapsedbetweenthe arrival of the water at the tail end and the

stopping of the inflow at the top end is called the storage phaseor

pondingphase
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(3) Depletion phase After stoppingthe inflow at the head end,
water may continue to pond on the soil surfacefor a while. Some
water still infiltrates the solil, with the excesdeingcollectedasrunoft.
At a certain moment water will start recedingfrom the headend. The

time between the stop of the inflow at the head end and the

appearanceof the first bare soilthat was underwater is calledthe lag

time or depletionphase
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(4) Recessiomphase After water startsrecedingfrom the headend,

It continuesto the tail end. Thetime whenwater startsto disappearat

the head end until it eventuallyrecedesfrom the whole field is called

the recessiomphase
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Furrow Irrigation

V Afurrow irrigation systemconsistsof furrows andridges

V The water is applied by meansof small channelsor furrows,
which follow a uniform longitudinal slope The method is best
suitedto row cropssuchasmaize,cotton, onions,tomatoes etc.

V Water canbe diverted from the field canalor the tertiary canal
Into furrows by meansof siphonsplacedover the side of the
ditch or canalbank and be allowed to flow downstreamalong

the furrow.
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C Thewater is graduallyabsorbedinto the soiland spreaddaterallyto
wet the areabetweenthe furrows.

C Theamount of water that infiltrates the soil at any point alongthe
furrow dependson the soll type and the period during which the
water is in contact with the soll at that particular point. This is

known asthe contacttime or the intake opportunity time.

C Wateris mainlylost by deeppercolationat the headend of furrow
andrunoff at the tail end.

C Furrowscanbe usedon most solil types,althoughcoarsesandsare
not recommendedsince percolation losses,especiallyat the top

end, would be highbecauseof highinfiltration rates
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Figure 11a. Examples of furrow irrigation in Gfé@%’j
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Border strip Irrigation

Border strips are strips of land with a downward slope but are as
horizontal as possiblein crosssection A horizontal crosssection
facilitates an even rate of water advancedown the longitudinal
slope

Borderstrips canvary from 3-30 m in width and from 60-800m in
length.

Theyare separatedoy paralleldykesor borderridges
Normallywater is let onto the border strip from the canalthrough
Intakes, which can be constructedwith gateson the wall of the
canalor, when unlined canalsare used, by temporarily makingan
openingin the canalwall.
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Figure 12. Example of a border Strip'irrigation systém; %
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Figure 13. Tree crops irrigated by border'strip irrigati'dhjs’@r'n:
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Basin Irrigation

C A basinis a horizontal area of land surroundedby earthen bunds
and totally flooded during irrigation. Basinirrigation is the most
commontype of surfaceirrigation.

C It is particularly used in ¢ice cultivation, where the fields are
submerged

C It is alsousedfor the leachingof saltsby deep percolationin the
reclamationof salinesoils

C Floodingshould be done using a large stream size that advances

guicklyin order for water to spreadrapidlyoverthe basin
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Figure 14b Cascade method of water supply to the basins wntltler. —,
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g ot basin,and then allowed to flow to a lowebasinand so on.
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Figure 15b. Examples of basin irrigation in I —
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Sprinkler Irrigation

X A sprinklerirrigation systemconsistsof a pipe network, through
whichwater movesunder pressurebefore beingdeliveredto the
cropviasprinklernozzles

X The systembasicallysimulatesrainfall in that water is applied
through overhead spraying Therefore,these systemsare also
knownasoverheadirrigation systems

X The water distribution of certain sprinklersystemss affectedto

a large extent by the wind patterns and velocity in a particular

area
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C Sprinkler irrigation systemsare suitable for most crops, except
those whose leaves may be sensitiveto prolonged contact with
water.

C They are generally suitable for light, frequent irrigations, unlike
most surfaceirrigation systems

C Theyhavea large componentof built-in managementin that it is

easyto applythe exactamount of water that one requires unlike

surfaceirrigation systemswhere the depth of irrigation desiredat a

giventime cannot be accuratelyapplied

Theyrequiremuchlesslabourthan surfaceirrigation systems

In contrast to these advantages sprinkler irrigation systemsare

relatively high energy demandingand require fairly good water

guality. Thesesystemsare alsosusceptibléo windy conditions

) ()
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Thereare severaltypesof sprinklerirrigation systemswhich can

be broadlysub-dividedinto two groups

1. Set systems which operate with sprinklers in a fixed

position,for sometime at least,and

2. Continuous move systems which operatewhile moving
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Set systems

C Set systemscan be further divided accordingto whether or not
sprinklersshouldbe movedthrough a seriesof positionsduring the
courseof irrigatingafield.

C Thosesystemghat mustbe movedare calledperiodic-move systems
and those that do not require any movement are called fixed
systems

C Periodiecmove systems can be further divided accordingto the
method of movement of sprinklers and laterals into handmove
systems,where laterals and sprinklers are moved manually and
mechanicallynove systems, where the movement is done by
mechanicameans




Set systemg Periodic move
The handmove lateral systemsare comprised of either portable or
buried mainlines, sub-mainlines and hydrant valves at intervals for
connectingthe laterals

Handmove lateral systems normally [ g i
utilize quickcoupling laterals that are #
moved from one hydrant position to

o Hydrant
anotherby hand Mainiine —_

Therefore they are labourintensive
compared to other sprinkler irrigation
systems Handmove systems are -
adapted to irregular field shapes,fairly i m>
steep topographiesand are suitable for
mostfield crops
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Set systemg Fixed

Fixed sprinkler irrigation systemsare W2 ghd off Qin terms of their
operation and therefore require very little labour However, they do

require highcapitalinvestment
Fixed systemscan be automated, in which casethe automatic control

systemcanbe programmedfor irrigation.

Pumping station or
distribution of water
under pressure

~ 1 ' .

o e irigated _ X,
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Figure 16. Examples of sprlnkler |rr|gat|on (set system"’*
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Greece
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Continuous move systems

Continuousmove systemshave motorized laterals or sprinklers which
Irrigate and move continuouslyat the sametime.

Theirinnovationwas prompted by the needto minimizelabour inputs.
Therearethree typesof continuousmove systems

|. Centrepivot,

Il. Linearmovinglateralsand

Ill. Traveleror & D dzprinkler
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Center pivot

C The center pivot system consistsof a pipe lateral mounted on steel
towers. Thefixed end of the lateral, the pivot, is connectedto a water
supply

C The pipe carriesdifferent sizesof impact, spinner or spray sprinklers

Thesteeltowers, alsocalledspans havewheelsthat rotate continuously

arounda centerpivot point.

The speed of movement varies from tower to tower. The closer the

tower isto the centerof the pivot the slowerthe wheelsmove

Centre pivots vary in length dependingon the designarea and can

Irrigateupto 120ha

Centre pivots vary in height they can be of low, standard or high

clearancgfrom 3-5m).

The low per hectare cost of large center pivot systems,the limited

labour requirementsand the low energyrequirementsof pivot systems

using spray nozzlesare the main reasonsfor the popularity of these
systems

O 0 O O

fppt.com



/- FIELD BOUNDARY

| (1 CORNER S 25

TOWER |64 & N

RADIUS OF BASIC SYSTEM

y % &

\\
\

Figure 17. Picture and operationalfskef€iifior a cei
equipped with a corner watering'system

fppt.com



e

= T
4
‘I
(7
e
He
a ()




L iInearmove laterals

V Linearmove systemsare similarto center pivots exceptthat insteadof
the water being suppliedfrom a central point and the lateral rotating
around that point, a water supply system,is provided over the whole
length,alongwhichthe lateraltravels

V Therefore the lateraltravelslinearlyasit irrigates

<

Asaresultthis systemirrigatesrectangularfields.
V Thissystemhasto be broughtbackto the startingpoint onceit reaches

the end of the irrigatedfield.
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Figure 19a. Examples of Ilneanove Iaterals |rr|gat|on '\s.-—;;.;v,‘/./
Greece
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Figure 19b. Examples of lineanove laterals ifrigation systefms=in"
Greece S "
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C Travelersystemsconsistof a large sprinkler,commonlyreferred to
asa Geahdayioligted on a movingcart.

C Water is suppliedto the cart by a hose With early designsthe cart
wasconnectedio a cableandwinchsystemwhichwasattachedto an
anchor Thewinch, whichwas poweredby water pressure retracted
the cablepullingthe cartacrosshe field.

C A large spool is anchoredat one end of a travel lane. The spool
rotates winding up the hose and pulling the cart toward the spool
Whetherconnectedby cableor hose,the spoolassemblyis designed

to providea nearlyconstanttravel velocity
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Thefollowing procedureis typical for the way sucha systemis operated,

stepby step:

1. Thetractor, hosereel andirrigating unit are harnessedn that order

alongthe tow-path

Thecableisanchoredat one end of the field

Thetractor isdrivento the hydrant

Thehoseisthen connectedto the hydrant

Unwindingof the cableand hoseare then done by drivingthe tractor

to the other end of the field

Thenextstepisto disconnecthe hose

Thehosereel andthe irrigatingunit are then brought backto the first

position

8. The hose is attached to the irrigating unit and the unit is also
detachedfrom the hosereel

9. Thehosereel trailer is then drivento the positionwhere the cableis
anchored

10. Thepumpingstation shouldthen be started

abkhowd

~N o
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Localized or micrarrigation systems

Localized irrigation is a system for supplying filtered water (and
fertilizer) directly onto or into the soil Thewater is distributed under
low pressurethrougha pipe network, in a pre-determinedpattern, and
appliedasa smalldischargeto eachplant or adjacentto it. Thereare
three main categoriesof localizedrrigation:

C Dripirrigation, where drip emitters are usedto apply water slowly

to the soilsurface
C Micro - sprinklerirrigation, where water is sprayedto the soil near

Individualtreesand
C Subsurfacdrip irrigation, where emitters apply water directly in

the plantroot zone




C A localizedirrigation systemconsistsof the head of the system
that filters and controlsthe supplyof water and fertilizersto the
network, the plastic buried pipes that supply the water to the
laterals the polyethylenelaterals usually16-20 mm in diameteg
that supply the water to the emitters, and the emitters that
dischargethe water to the pre-determined points and at pre-
determinedflows.

C It is a capitatintensive system with built-in managementthat

requiresverylittle but skilledlabourt
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Advantages of localized irrigation

X The evaporative component of evapotranspirationis reduced as
only a limited areaof the soilis wetted. Thisis more prevalentwith
youngtrees.

x Thelimited wetted arearesultsin reducedweedgrowth.

X The slow rate of water application improves the penetration of
water into problematicsoils
The higher degreeof inbuilt managementthat localizedirrigation

offers reducessubstantiallydeep percolation and runoff losses,thus

attaining higher irrigation efficiencies Consequently, localized

irrigation is consideredasa water-savingtechnology
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X Thevery frequent irrigation attainable through localizedirrigation
systemsresults in more diluted saltsin the soil moisture solution
and pushes(leaches)hesesaltsto the sidesof the wetted volume
of the soil. Hence,water of higher salt content can be used with
thesesystems

X Themoisture availabilityto the plant at low soil tension resultsin

fastergrowth, higheryieldsandbetter quality.
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x Sincefertilizers can be injected into the systemin a controlled
manner, fertilizer losses can be substantially reduced under
localizedrrigation.

X The controlled water and fertilizer application, attainable with
localizedirrigation, makesthese systemsmore environmentallyand

healthfriendly.
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Disadvantages of localized irrigation

U Localizedsystemsare prone to clogging becauseof the very small
aperture of the water emitting devices Hence the need for proper
filtration and, at times, chemigation

U Themovementof saltsto the fringesof the wetted areaof the soil may
causesalinity problemsthrough the leachingof saltsby rain to the main
root volume Thiscanbe avoidedif the systemisturned on whenit rains,
especiallywhen the amount of rain is not enoughto leach the salts
beyondthe root zonedepth.

U Forcropsof veryhighpopulationdensity,the systemmaybe uneconomic

becauseof the largenumberof lateralsand emitters required
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C! Drip irrigation (DI) is a form of irrigation that saveswater and
fertilizer by allowing water to drip slowly to the roots of many
different plants, either onto the soil surfaceor directly onto the root
zone,through a network of valves,pipes,tubing, and emitters. It is
donethrough narrow tubesthat deliverwater directly to the baseof
the plant.

C Dischargerates are generallylessthan 8 liter per hour (8 I/h) for
singleoutlet emitters and 12 liter per hour per m (12 I/h/m) for line

sourceemitters.
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C Duringthe last 40 years,the interest and usesof DI have increased
significantly as understanding of this irrigation/fertigation method
Improved

C Plasticmaterialsavailabilitymanufacturingorocessesemitter designs,
andfertilizerimprovementhavealsoincreasedhe useof DI.

C Specific installation equipment components, and guidelines have
further been developed, resulting in more consistent system
Installationandretrieval,improvedperformance andlongerlife.

C Theuseof Dlisincreasingapidlyin areaswhere water conservations
Important or water quality is poor and high economic yields are
expected

C Drip irrigation performs best when intensive and accurate
managemenbf water and nutrients are used
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Figure 23b. Examples of drip irrigation systems in GTeeee"
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Figure 23c. Examples of drip'irfigation systems i-n'@%;
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