Irrigation BestPractice

Water Managementor Field VegetableCrops
A Guide for VegetableGrowers




TOP TIPS

Vegetable growers recognise that water isiraportant and valuable resourcgyhich
contributessignificantly to productionof high quality vegetables tepecificationand on
schedule. Both crop performanceand efficient use of the available watem cae
optimised by:

e Knowing the water holding capacity of the |smi
each field and the wataequirementsand response
of each cropgrown

e Using an effective soil moisture monitoringystem
and using it toschedularrigation accurately

e Choosing the righapplication equipmentor your
situation and knowing how to get the best out @f it
terms of uniform and timelylelivery

e Managing waterapplicationfor maximum economic
benefit with minimum impact on thenvironment

e Auditing performanceafterwards to seek ways of
improving the efficiency of water use and
application
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1 Introduction

Water is avital component ofegetablecrop production. An adequate wasepplyis essentiato
maximiseboth quality and crop yield for a given datk.is also an important management tool,
enhancing cropstablishmentgchemical weed control arf@rvestingof root vegetables. However,
water has to be applied at the correct timesufficient quantities, but without waste and with
sympathyfor theenvironmentas a whole.

This Best Practice Guide aims to address the kpgchs of water and irrigation management
appropriateto field vegetableproduction(excludingpotatoes) |t follows a short telephone survey,
which established growers current practices anataxms. Particular emphasis is given to crop
response periods and the usesifdctive scheduling systems. The Guide draws attentiondo th
principles of irrigating vegetableropsjdentifiesthecritical factors for measuringrop requirements
andcontrolling irrigation,both tooptimisecropping andninimisewaste.

We know that water supplies drequentlystretched and action has to be takesafeguardhis
essential resourcelLegislation expected to come into force this year will chanige basis of
licensingwater abstractionlt will for the first time include water used ftnickle irrigation. It is
probablethat the demantfir, aswell as thecost, of water wilincreaseThis will mean that all users
will need to increase water amtigation managemergfficiency to make the most of this basic
resource.

Environmental consideratiorareincreasingly playing part in thegrowingandmarketingof crops.
Carefulandeffective cropmonitoringandirrigation controlwill be critical to profitable croppingn
the future.

Horticulture and Potato€xvision
Department foEnvironment, Foo&ndRural Affairs
July 2003




2 Water Quality

The quality of water to be used faigation is important. All water is not the same. Mains and
borehole water sourceffer more consistencythan surface water. They anglikely to have the
potential problemshat can be caused biplogical or herbicidecontaminationpy soil particlesor
organicmatter.

Thetwo mainaspects of water qualigreits chemicalandmicrobiologicalproperties. Other factors
can occasionallgffect quality, especially from river aieservoirsources, such as the presence of
suspended peat or silt particles or other spepibitutants (e.g. herbicides). The chemical
parameters importaror irrigation water include:

- pH

< Alkalinity or bicarbonate content

= Electrical conductivity (measuref the totakaltscontent)
* Chloridelevel

e Sulphatdevel

= Iron and other trace element levels

(Note that some trace elements such as iron andanase, although often present in water, are
not in aform that can beeadilytaken up by plants.)

pH andAlkalinity

pH is the measure of how acid or alkaline water idowever, it is the level of bicarbonates
(principally calcium, but also magnesium and sodium) in the mthtt determines whether it is
termed either ‘hard’ or ‘soft. Water may, for emple, have a high pH but a low calcium
bicarbonate content.

Whilst it is notpracticalor economic t@onsider acidification for field growarops, itmaybe worth
consideringthe use oécidifying fertiliser mixeswhenfertigatingwith hard water irtrickle systems
used on high valueegetablecrops.

Electrical ConductivityandTraceElemeris

The electrical conductivit{E.C. or sometimes referretb ascF) is ameasure ofhetotal saltscontent
of thewater, reportedh micro-siemenger cm.(uS/cm). Themaincontributorsto high conductivity
levelsarenitrate,chloride and sulphate ions. Water withaurallyhighE.C. does nousuallygive
rise to a build up of salts in soils used for fietjetable production due to tbiduting effect of
winter rainfall.

Rainwateris generallyuncontaminated, it has a la@nductivityand pH and a very low calcium
level. However, borehole water in coastal and feshiEreas may have a higbnductivitydue to
salt water contamination.A high conductivity due to high chloride levels makbe water
unsuitable forrrigation unless treated or mixed with wafsam a more suitable sourc€&€ropsdo
varyin their susceptibilityto chloride levelsand theTable overleaf provides some guidelirascrop
sensitivity.




Sensitivity of various field vegetable crops to chloride levelgrigation waer

Tolerance Crops Safelevels Forlimited use Risk of foliar
Group mglitre mglitre damagemg/itre
Chloride Chloride Chloride
Very sensitive Peas Up to 100 100 - 200 Qe
French Beans
Moderately Broad Beans
sensitive Celery
Lettuce Up to 200 200 - 300 Ow&no
Onion
Radish
Slightly Carrots
sensitive Cauliflower Up to 400 400 - 500 ogen
Cabbage
Leastsensitive | Kale
Asparagus Up to 500 500 - 600 06eo
Spinach
Beetroot

Suggested Maximum Trace Element Corications

Some plants are also known to semnsitiveto high fluorideevels;therefordrrigation water with
less than 0.25 ppm fluoride is desirable. Boroticity is occasionally found where water (e.g.

TraceElement

Arsenic
Cadmium
Chromium
Copper
Molybdenum
Nickel
Selenium
Zinc

Lead

Boron

Concentratiomg/litre

0.04
0.02
2.00
0.50
0.03
0.15
0.02
1.00
2.00
2.00

river water) contains high boron levelsginatingfrom detergents.




MicrobiologicalContamingion

The main microbiological contaminants of water fanegal spores (e.g. white rot, Sclerotinia of
Alliums). Irrigation can also provide an entry pofor bacteria, such &s. coli, into the food
chain.  This is of particular significance whewveter is applied to crops eaten raw, such as
salads.A risk assessment of water source and period when cordtamins mostikely to occur
should be undertaken. Irrigation water should beckéd to ensure it has an acceptably low
level of microbial contaminants before use, thosgimpling where abstraction is direct from
river and stream water is less representative Isecafl fluctuating bacterial loading over time.
Water obtained from deep boreholes is likely totamnfewer pathogens; water extracted from
rivers and stored in reservoirs prior to applicatigill show a decline in pathogen levels over
time.

Drip irrigation, because it avoids wetting the akparts of the plant, may result iaduced
bacterial loadings. However, there is little, iiyamformation to date on pathogen incidence in
irrigation waters at point afse.

WaterAnalysis
Hand-held equipment is available for monitorth§.and pH during the production seasbnt

a full laboratory water analysis is recommendedeast every 12 months for each water source
used and for surface water abstraction at timéxgbrf risk (e.g. dry periods).




3 Seasone Water Requremeits anc Storage

In a telephonesurveycarried out in connection with this booklet, 75%vefetableyrowerssaid

that they had been short of irrigation water at sdgime in the last 10 years and 40% said they
had insufficientin at least one season during the last 5 yearsa wsult of these experiences,
many had been active in installing water storagdities. Indeed, the need for businesses to
store reasonable quantities of water is likelyg¢odme even more important as water costs rise
and competition for supplies increases.

The April - September water requirement will varithwsoil type, climate, the crops toe
irrigatedand thegrowing system. Where annual storage is required, it has bermal to design
a scheme around the demand in the 15th driestiyedy. TheEnvironmentAgency andocal
planners have accepted this as the normal basigdimr allocation. However, for high value
crops there may be a case to move towards desigesl lon, say, the 18th driest yeaP

The feasibility of water storage will relate to watavailability and source. These cha
summarised as:

= Summer surface water directly abstracted for ititga

= Winter surface water for reservoirs

= Boreholes, including wells and well points — direapply or for reservoir storage
* Public mains supply

The move to a Catchment Abstraction Managersénategy,designed to balance the needs of
water users and the environment, will enable EheironmentAgency to operate a transparent
system where availability of further water suppliegvident. Currently, it is unlikely thaew

or increased abstraction licences will be granbeddimmer surface water abstraction. Similarly,
there are many areas where new licences for baredimétraction are unlikely to be granted.
Other sources require storage facilities. For evirmtbstraction of surface water, a reservoir is
required on farm to store the predicted annual irement. Mains water systems are more
appropriate for smaller scale production areasadit raising nurseries. Hesefficientwater
should be stored to meet one or two day’s use a&imnean demand.

In the future it is possible that in some areagewiiom the mains will be available ‘@ff Peak
Rates”. It is also possible that availability frahe mains will be restricted at times pdak
demand. To cater for such eventualities, additisttaiage may be necessary and cost- effective.

For planning purposes it is possible to accuragpegdict a crop’s annual water requirement for
a given geographical area using past meteorolodatal with the aid of a planning tool, such as
the ADAS meteorological unit programme “IrriplanAs a simple ‘rule of thumb’:

« For many field vegetable crops a working figurepfto 150mm per season canused
= For more intensively irrigated crops, such as ge200mm should badopted

= For trickle or drip systems, it is more importéot consider the maximum daily water
requirement per plant or rowlhis should be based on area evapo-transpiration ratesh
can be as high as 6 or 7mm per day but more ussmalig/day




Reservoirs

Storage reservoirs are most commonliormed using an off-stream, earth embarkment
construction, filled by gravity or pumping. Thigads the need to make provisions for flood
flows, with any surplus water being returned viacwerflow pipe. Occasionallygeservoirsare
made by damming an existing watercourse. Thiooptian be expensive, requiring overflow
and bypass arrangements.

Depending on scale, site considerations and the foekning (which canitself accountfor 60%
of the total cost), installation costs are in targe of £1000 - £3000 p&r000n.

StorageTanks

Water for immediate use on glasshouse plant-raigiitg should be stored in a covered tank to
prevent contamination. The storage tank can belewrated sectional metal tank, a ground level
reinforced concrete tank, or a ground level contedjanetal tank. The latter is the most cost-
effective.




4 Syden Installation anc Equipmeit

The scale and cropping type dictates the system toskd,as well as the leval investment in
undergroundmains and water storage. While hosesgstemsstill predominate, centre pivot and
linearsystemsare als®f significance on soméarge-scaldarms. Trickle irrigation schemesat least
atpresentareusually tailored for smalareas ospecialistapplications.

Thereareseveral stage® work throughin designingandinstalling anirrigation scheme.
* Watersource and quality = Volume of waterrequired
< Planningtheirrigation layout < Applicationequipment

WaterSourceand Quality

Water quality consideratiorsndwater source options habeerreferred to inSection2 and 3. Most
water sources are suitalide the whole rangef crops andsystems,but physical water quality is
crucially important for trickle irrigationto avoid blockagesGiven sufficient investment, virtuallyall
water can be adequatdilyered. The useof trickle irrigation may beadvantageous saline water
areas, as iteliversthe water aground level, avoidindgoliage scorch.

Volume ofWaterRequired

The frequency of waterapplicationat peak summer demand should be decided at thgndstape.
The volume required at each application depends onviter-holdingcapacityof the soil, evapo-
transpirationrate and the croppindost hosereel-based systeare planned torigate on 5-10 day
cycles at peak demandrhe water volume needed, combined with the area beiigaied, the
pressurerequired by theystemand the landevelsdictate the size and typéirrigation mains and
thepumpspedficaion. Itis crucial to get these design points rightm theoutsetbecausé is difficult
and expensiveto alter later. Allowing for expansion, e.g. by using larger mains near the gemp
advantageousf, finances will allow.

Planningthe Irrigation Layout - Mains

Irrigation mains are sized on thiew requiredallowing for acceptable pressure dropsor larger
schemesaring mainis agreat advantage, enablitigewaterto flow from eachdirectionto a hydrant.
This limits the pipe size needed and reduces pump size, maressuited tdarms that are broadly
rectangulain shape rather than long and narr@afficient hydrantsshould beincorporatedn the
design to permitexible use — verfew farms have more than they needlains piping should be
spedfied for thetask involved; for hosereel irrigation standatOmmClassD (12 bar) UPVC British
Standard “Kite” marked pipingor anequivalent underground mains pipirggcommonlyused. If the
main is onlyrequired for trickle irrigationjowerpressure pipings more than adequate.

To plan themost dicient systemsfields need to béndividually consideredor thesoil type, slopeand
especiallyrow length. For hosereel equipment, the mains daydrantsare usually laid to suit the
lengthof pipe on the hosereel &8 aspractically possible.Large fields may neechydrantsin the
middle offields butusually theyare at theideor corners ofields, alongsideafarm tracketc.hopefully
servingland on both sides.

Whereafield is on theperimeter othefarm andonly to beirrigated sayonce in Syearsin a rotation,
it is normally practicabldo useportable above-groungdipe.Trickle mainsandespeciallythe header
pipesareoften fabricated in black polyethylenend aresither buriecor laid on thesoil surface layflat




hose(firemen's type) is laid on thesurface althoughthis is notrecommendedf there are any sharp
stones.

Planningthe Irrigation Layout - Pumps

Many reservoir schemeasow use dloating pumpeitherto deliver waterat alow pressurdo a second
pump on the bank to boost tfieel mainspressureor have asingle high horsepowempump on the
floating raft itself. Thesepumps move up and down with treservoirwater level, se@nsuringthe
mains system is always “primedihd thevatercan besuccesgully lifted overthe bank.A pump sited
on a bank canndtift water”vertically more than about 6 metre§loating pumps, with a simple
connectionto themainson the bankalso avoidthecost of buildinga pump house and dessprone
to vandalism.

Most existingand some newystemsrely onfixed speed pumpdesignedo supplya wide rangef
volumes at aelatively uniform pressure.Variable speed pumpsffer the advantagef matching
delivery pressure at thigrigation hydrant to need.Conventionalpumps may exceed the required
pressureathydrants nearethe pump.Thustheadditional capital cogsay£10-12,000 of thesemore
sophisticated controlsan be sedgainstreducedenergycosts.

Where trickle irrigation is used in conjunction kwibther application systems, a separate lower
pressuranainwith dedicated pumps maye theright solution. This will depend on theelativescale

of the operationswhen and how theickle operates and at what distandée alternativeis to use
pressure-reducing valvés lower themains pressurbefore it entersthetrickle system.Thesevalves
andassociated hydrantsan becontrolled using solenoid switch&sautomatethe system.

Application Equipment

The dief consideratiorshould be the needs and vatfi¢he croppingsetagainstthe annual cosif
the equipmentFew farms are nowcompletelynew toirrigation; however, moshave theotentialto 4
improve some aspect pérformancewith existing equipmenaind carconsiderfurther improvementsiss

whenadditional purchasesre being considered. X

Potentially,the mostvater-efficient methodof applicationis trickle irrigation, but aparfrom use on|
very high value vegetablerops, or wherevater suppliesirevery limited, theinvestments currently
difficult tojustify onfield vegetablecrops. Whemomparingdifferent application systemshefadors
that should beonsideredare:

= Relative energyequrements

< Theuniformity of distribution andtherefore potentialwater saving

e Labou requirement

* Types of hosereel: raingun versoeoms

= [rrigation managemeng.g. lanespacings, maximising night-timeigation

e Capitalcostversusthe crop value

« Tied ridge machineso retain watewithin therooting zone

Hosereelrrigation

Hosereelsare usedor 95% or moref the water applied toK arable cropsTheir advantagesre




greaflexibility andadaptability,with a wide rangef sizes anautputsavailable.Most of the larger
hosereeirrigators are described by the outer pigiameterand the pipe length, e.g. 1210mm/450m.
Costsare around £12-18,008quivalentto a capitalnvestment ofabout £550 per hdrrigated per
season.Typically, thesdargermachines have an outmit55-65 cu.metresper houtthrougha rain
gunfitted with an 18mm to 26mm nozzlegvering2-3 hectaresn one setting.

The drive for high outputanhoweverbe overdoneln attempting to apply themaximum volumeof

waterin agiven timeand so beconiemore dficient' many machinesrefitted with largenozzleg26

mmplus), aiming for shorter wind-in timesndwider lane spacingsthis often proves “too much’for

the mains layout; as a result the correct gun pressannot be achievegsultingin poor water
distribution. An additional machine, although marestly, will give more even wateringlo make
more dicient and more accurate ugkethewater, growersareincreasingly lookingo usebooms(see
below) and argeducing quantities appligger pass to abodBmmor lesse.g.for establishmenprior

tofull cropcover,rather than the normalaximum of25mm.

Raingununiformity can bevery poor in thenrong conditions -averaging perhapa 75 %Coefficient
of Uniformity (C of U) over a seasonMany machines operate much legiformly than this.Both
applicationperformance and water usédfieiency can beoptimisedby:

e Ensuring theirrigator is operating exactly at the recommended pressureaggle and lane
spacing.Lower gunpressuresneanlarger dropletswhich have morenergyonimpactresulting
in soilerosion, leaching dertilisers and plant and crop contamination.

= Using tied ridge machine$prming mini-reservoirsor dams within the rows or between beds at
planting time to combat soil erosiproblems,where applicable Thesehold the water, giving
timefor it to soak into the adjacent soil.

« Usingthecorrectlanespacing fothemachine- typically 72 metres for larger hosereelsto allow,
asfar aspossible, forcross-windsThereare practicatlifficulties in varying this spacing during
theseasorto allowfor wind.

e Usinga‘sedor angle of 210° insteadf the morenormal180°. This allowsthe gun tdinger on
theedgesandgives improveduniformity. Some improvementsan be made hgplacingthe gun
with a variable angle gun, which lowers thaectory ofthe water so reducing théest of a
crosswind.

= Maximising night-timeworking. Lower wind speedt night) improvestheoverall dficiency.
* Measuringactualperformance againstexpected anchakingadjustments.
= Using remote signalling systerssich aphonelinksto optimise application féciency.

Booms

Therehas been aignificant shift towards the useof boomirrigators forfield vegetablesThey offer
several distinct advantages compareith a hosereetaingun:

< Smaller “sprinkler’droplet sizes, reducing the impaffee on the soil and crop, with very low
led contamination.

= Lower connectiorpressures leadintp animproved performance from theexisting pumpingand
distribution systeme.g. where the connectipressuranay be groblemonparts ofthefarm.

< Much improved accuracyA typical 90% Cof U, offering a distinctcontributionto improved
efficiency.




< For a modesinvestmentoverall(an annual chargef around £50-60 pelnedare), a hosereel
systemcan besignificantly upgradedilt offers a worthwhile improvemenin manysituationsfor
farms already committedo hosereels.

Booms, howeverapplywaterto a unit areaf land over a muchhortertime than a raingun. Higher
instantaneous application ratberefore occumwhich can be groblem forafew silty soils which“run
together”or onslopingland.

CentrePivotandLinea Machines

Somefarms growing vegetable®n asignificant scale havénstalled centrepivots and more recently
linear machines, whicflive an extremelyaccurateapplication, typicallyabove a 90% ©f U. The
dropletsarevery fine, delivered clos¢o thegroundand so areelativelywind-prod. Linea machines
can be moved around tif@m to follow irrigation-responsiveand high value cropsA numberof
similar rectangulafields arealmost obligatoryto make &icient useof the gantry sections.Becaise
of the undoubted accuradsgtiliser could potentially be added to the wateHowever,a significant
disadvantagés thedifficulty of moving the equipmenton public roads and @quirementfor low or
no hedgedo fadlit ate operationBecause ofheabovesite-spedfic pointsthenumbers beingnstalled
are limited.

Sprinklerlrrigation

Although uncommon nowadayspmeholdingsmaystill have access toaditional sprinkleisystems.
These offeradvantagesf low energy use, small droplets andetatively even application pattern.
However, even with aariety of methods employed to reduce the labour inputs redtdr these
systemsthesprinklers stillneed to be movesliery3-4 hours.

Recent developmentsow allowplastic sprinklersspaced on a 18m x 18m or 12m x 1@md to be
used. Thesecan be operated onfaed settingor the wholeirrigation season, but even so crop
spraying operationsnay meariemporarily dismantling sections tiie header pipe on the headlands
or using smallramps” to enable thaprayerto drive over pipes. Such sprinklerseven with a cost
around £2000/hazanprovide for smallareaapplicationsor where rainguns/boonaredifficult to use.
They offeran 85% Of U and aresimpleto maintainas well aoffering a lowenergyinput.

Trickle Irrigation

The mainadvantagesf trickle irrigation are:

< Potentiallymore dicient useof water than overheaystemsthoughestimates varand actual
savingsarelikely to depend on rowspacingand othefadors.

= Less energyused comparedith hosereel systemf the ordenf 50%.

= The designandlayoutis very flexible, fitting almost any shapef field.

« Lesslabourrequired duringhegrowing season.

= In extreme cases more saline water can be used betauseter is applied below thed =
canopy.

The disadvantagesan besummariseds:

= The higher costand thepracticalitiesof handling re-usable tricklpipes.




e Separate mainesndpumpsor pressure regulating valves mlagrequiredwhentrickle systemsare
being ruralongsideanexisting irrigationsystem.

= Unlessthe pipe isadequatelyburied,rabbitsandvermincan be a problem.

= The expenditureandeffort laying the pipe needs to m®mmitted,whether it is a season which
provesto neechigh volumes of irrigationwater or not.

Experience withfield-scae trickle systemshas sdar been varied Some growerhiave experimented
with the equipment, bubund the cost angracticalitiesdid not suit their currerierming system.

Others havdound trickle well suited to their requiremerfesy. runner beanssalads) and are

expandingthe area covered.

Typesof Pipe

The lighter weighttypeof pipe isthin-walled, witha welded joint,andreadily collapses flaivhen not
under pressurélhereareseveral grades, rangirfigpm those whichareonly likely to besuitable fora
season's use,to aquite durable thickness whiatan be laid out andkenup again forre-use A further
variable istheoutlet spacing, which commonly rangesm 0.3m to 1m.Typical discharge ratesre 2-

4 litres/hourper outlet.Costs varyfrom, say, 6p to 13p/metr@verallin-field costscanvary widely,
accordingto pipeemitterspedficaions and rowspacingsfrom £600 to£1,500/haor more. The cost
of the pumps, mainsheader pipesiltration, valves andpossiblya mechanisnto addfertiliser to the
waterflow are additionalThese types of lightweighpipe aredisturbedby wind and so need burying
for field cropsat aminimum depth of 50mnup to 150mmuUnder polythene covers, pipean be laid
on thesoil surface

More durable andigid piping haspressure-regulated emittemsoulded into the pipe as it fisrmed.

The spacingherefore mustbespedfied at thetime of manufadure. Each dripper consists a labyrinth
of narrowwaterwaysto reduce thenergy ofthe waterallowing it to trickle out. All modern piping
isUV-proof and non-degradable.

Trickle Layouts

Field designneeds to béailoredto croprequirementsaand row spacingst is normal todivide up a
trickle-irrigatedareainto blocks, whicharewateredsequentiallyWaterflows aresurprisingly high,so
there may well be 4ettingsa day, eactiaking 3-4 hours to applyufficient water. With thdixed
layoutandvalve controls, watecan be applied mofesquently in smaller amounts, with littledded
labour.

Fewfields arereally flat, butunregulatedpipe canwork reasonablyvell with a slope up or downhill
of 3% for lengthsup to 230m.Wherever possible it paye run the pipe down theopeto give longer
runs. Pressure-regulated pipirgin copevith virtually any slope.With correct design single rumsé
400-500metrescan be accommodated.

Filtration

This is crucial fothesuccess of tricklgrrigation.Simple mesh filterean be usefdr smaller schemes,
but sandilters andparticularly discfilters are nowincreasingly commonas theyoffer a self-cleaning
option. Algae and slime build-up can be a problem‘ong-life’ pipes,especiallywith fertigation.
This can be cured by periodic chlorinatidimilarly, bicarbonateor irondepositscan be removed
with the useof appropriateacid treatmentsAll lines canusually be flushed by opening up the ends
of the laterals.
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5 Irrigation Schedulingc anc Crop Respons Pe

It is usefulto think of the soil as a holdimgservoirfor water. In latevinter the soil isgenerallyat
field capacity,i.e. when theoil is fully saturatedand anysurplushasdrainedoff. Asthe crop grows,
water is extracteflom the soil and lost byranspiration fronthe leaves and evaporativom the
soil and leaf surfaces (the combined effect is km@s evapo-transpiration). The accumulated
amount of watelost fromthesoil is referredto as thesoil moisture deficit (SMD). Anyvater added
either by rain oirrigation is subtracted fronthe SMD to determinethe current soihoisturestatus.

The type and depth of soil in which the cropsgmving influencegshe amount of water which is
availableto the plant, wittheavier soils normally holdinghore water. Irtontrast, light sandgoils,
such as those ®forfolk, Nottinghamshireand Suffolk, where vegetable production has increased
in recent years, have more limitwdter-holdingcapacity. On these soils, which hold as little as
18mm water per 150mm soil depthrjgation has to be more precise and frequent to grow high
qualityvegetablego a guaranteed harvest schedul&is practice has the advantage of reducing
therisk of water loss throughun-off and drainage.

In all soilsa proportionof the total watepreseniis notavailableto the plant.Soilswith a high clay
content usually have a higbater-holdingcapacity, but aelatively high proportion is not readily
available.As thewater reservin asoil isdepleted, so the plant hasreasing difficultyin obtaining
theremaining watertheplant’s development slowandyieldsandquality suffer.The pointat which
this happens is known as the Criti€MD, which is usually between 35 and 55% of the soil’
availablewater capacity in the crapoting zone. The aim ofirrigation schedulingand application
is tomaintain soilwaterreservesabove theCritical SMD atimportantphases — theesponsgeriods

- of thecrop’s lifeand to avoidver-watering.

Rooting depth and soil type are both important factors #ifect wateravailability for the crop.
Trigger deficitsfor irrigation rangefrom 15mm to 75mm and are dependent on rooting depth, so
type, crop and accuracy of the equipment usedas3essuitablerrigation regimes, soilsan be
divided into 3classeseachhaving different level®f wateravailability for a givendepth:

Class A Low soilwateravailability:
Not more than 60mm of water per 500mnaepth

e.g.Coarse Sand; Loamy Coarse Sand; Coarse Loamy Sand.

Class B Mediumsoil wateravailability:
Between60mm - 100mm of water per 500mmctepth.

e.g.Loamy Sand; Loam; Siltglay loam;Clay etc.

ClassC High soil wateavailability:
Above 100mm per 500mm afepth.

e.g.Very Fine SandPeatPeaty Loam.




To enable crops to access the maxinmaisture reservegpoting depth is important. Good soill
preparation is essential prior to plantingdailing to allow the plant roots to penetrate to depth,
enabling the crop to havell access tavailable moistureeservesCompactedsoil limits a crop’s
access to water.

Wateruptake isaffectedby theroot’s proximity to thesoil particles.Young plants wheriirst planted

needsufficient water during the establishment stage to grow avagydly. Careful planting is
essentiato ensure that the soil is settled closely arotmedroots, without beingver-firmed,thus

causingroot damagelrrigation after planting settlethesoil around theootsandfostersrapid plant

establishment.

Similarly with drilled crops,moisture musbe availableat seed depth to encouraggminationand
mostcritically moisturemust continue to bpresento allow theseedlingroot to keemrowing and
eventually exploit a larger volume of sollrilling depth can be manipulated for most vegetable
crops with deepatrilling in warmer and drier months of the year.

The irrigationplans in thdollowing Tableare based oaxperimentatiatafrom trials overa number
of years and industry experience. Changing alltpractices may mean that individual crop
irrigation plans willvary fromthose set out here.




Asparagus | Irrigation may be Nil Nil Nil Avoid irrigation during
harvest required for plant harvest as this has adverse
establishment effects on spear quality. In
particularly if plants other countries with a
are raised in modules similar climate there is
some evidence that irrigation
encourages fern growth,
producing a higher yield
the following year.
Beans, Broad At early Mid Mayto |20at25+| 20at25+ | 20at25+ | Irigation can be associated
(Vicia spp.) flowering and | Early July with increased risk of
again at pod chocolate spot.
swelling
Beans, Dwarf| April/May Early flowerin{ Juneto August| 20 at25+ | 20at25+ | 20 at25+ | Shallow rooting crop, do
(Phaseolus green bud stag not irrigate at petal fall.
spp.) and pod swelling
Beans, AprillMay Early flowering | June to 20at25+ | 25at30+ | 40at50+
Climbing onwards August
(Phaseolus
spp.)
Beetroot April to June Throughout life | May to 20at25+ | 25at50+ | 25at50+ | Irigation to maintain less than
August 18mm SMD will reduce
scab infection on light soils.
Brussels May to June for plant | When lower | August to 40 at 40 40 at 40 40 at 40
sprouts establishment buttons are 15 | October
to 18 mm
diameter
Cabbage, | Julyto August when | 20 days before | April to May | 20 at20 25 at 25 25 at25 | One application only at
Spring following another cutting pre-harvest stage.
hearted crop
Cabbage, July to August Pre-drilling and| May to 20 at 20 25 at 25 40 at50 | Irigating after fertiliser top
greens to establish September dressing may he beneficial
transplants in dry conditions. Excessive
application should be
avoided to prevent leaching.
Cabbage, April to July Pre-drilling and| May to 20 at 20 25 at 25 40 at50 | Where water is limited
Summer and to establish September satisfy the SMD up to 50mm
Autumn transplants 20 days before cutting.
Cabbage, April to July Pre-drilling and | April to July 20 at 20 25 at 25
Winter and to establish
Savoy transplants




Irigation Schedule for Outdoor V egetables

Response Periods and Critical Applicatibimes

Crop Months when pre-|  Resporse Resporse Imgaton plan for 3 soll types Notes
sowing orplanting | periods periods mm of water at mngVD
imgation may be | Growth stage |Time of year A B C
needed Low AWC | Medium AWC | High AWC
Carrots April to June Throughout lifg Jureto 20 at 25 40 at 50 Irrigation to maintainless
on high density September that 18mm SMD willreduce
crops scabinfedion. Irrigation
following a large SMDmay
increase splitting. Irrigatian
of low-density cropsduring
7 weeks post-drilling iay
depresgield.
Cauliflower, Throughout lifg April talune | 20 at 20 25 at 25 Crops under polythene ay
Early Summe or 25mm when need irrigation orremoval
50% of plants or prior to removal teid
have 30mm lifting of the polythene. Do
curd diameter not exceed 50%epletion
of water in therooting
zore.
Cauliflower, Throughout lifg May to 20 at 20 25 at 25 50mm 20 | Do not exceed50%
Summer and or 25mm wherj September daysbefore | depletion of water inhe
Autumn 50% of plants cutting start$  rootingzore.
have30mm
curd diameter
Cauliflower, | May toJune After planting | July 25 at 40 25 at 40 25 at40
Winter for establishmert
Celery Jure Throughout lifg Jureto Augusti 18 at 20 20 at 25 20 at 25 | Absolutely essentigb
maintain soil moisturéor
quality andsucculence
Courgettes April to May hidughout lif May to Augugt 20 at 23 20 at 25 20 a5
Le&s April to July Throughout lif May to August 20 at2§ 25 at 50 50 5
Lettuce, April to July Throughout lifej April to August 20 at 20 25 at 25 25 at 50 Irrigetion of block raised
Summer and transplantet&ttuce
immediatelyafter plantingis
important, 12mm at 2 @
day intervals may beequireg
in dry weather. Minimising
the duration oféd wetness
will reduce diseasesk.
Onions, bulby Throughout lile May tduly 20 at 25 20 at 40 Avoid irrigatingafter end
spring sown/ July or bulb ripening ray
planted beethyed.
Onions, April to August Throughout lifg April to August 20 at 25 20 at 25 20 at 25 | Itis important tominimise
salad the duration of moisturen
the crop canopy to dece
diseasaisk.




Parsnips April to May High plant Irrigation not advised except
populations wil for plant establishment of
respond to late crops and possibly
irrigation in dry hefore / after polythene

removal on early crops

Peas, green, | April to May At early June 25at30+| 25at30+ | 25at40+ | Maximum response s at

vining and flowering, then start of flowering, irrigation

harvesting dry at pod swelling at petal fall increases the
risk of Botrytis on the pods.

Radish April to August Throughout life | April to August| 20 at 25 20 at 25 20 at 25

Rhubarb Post-harvest | May to 40 at50 40 at50 50 at 75 +

September

Spinach April to July Throughout life | May to August | 20 at 25 20 at 25 20 at 25
to August

Swedes May to June Startof root | Juneto July 20 at 25 20 at 25 50 at 75
swelling
onwards

Sweetcom | June Throughout life [ Juneto August | 25 at50 25 at 50 50 at 75

Turnips April to May Startof root | Juneto July 20 at 25 20 at 25 50 at 75 | Irrigation 10 to 18 days after
swelling drilling can depress yield.
onwards

Runner Beans | May to late August 10mm 20mm 35mm
Courgettes/ May to late August 10mm 25mm 40mm
cucurbits

Lettuce April to late August 10mm 25mm 40mm

Notes: The soil moisture tension between plant roots and trickle source must be maintained and managementis normally on the
basis of replacing the amount of water lost during the previous day. The soil should not be allowed to dry, otherwise the spread
from drippers will be seriously affected. Overhead irrigation may be required for plant establishment in dry conditions to establish
the moisture tension between trickle and plant roots in all the above crops. Overhead irrigation to aid pollination and flower set
in runner beans may be required in addition to trickle irrigation.
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6 Water Monitoring Technique

It is possibleto have the begtrigation systenbutstill get it wrong.Optimisingthe use of water for
both crops and thenvironmentstill depends on someone recordiagfall, checking equipment
and scheduling applicationlt is important tharesponsibility concerning irrigation decisions is
clearly defined. A range ofincreasingly sophisticategtchniques and tools é&vailableto measure
soil watercontent and to helprioritise irrigationchoices.In oursurvey of vegetablerop irrigators,
about a quarter used balance sheet methods tath@anirrigation, with half employing direct
measurement methods. The remaining 25% werdasgdlly basing theiirrigation decisions on
experience.

Severalwatermonitoring methods can be used, basedddferent technologies. There are three
broadcategoriesindirect methods, which rely oanvironmentalmeasurements to estimate crop
waterloss; direct methods, using varioteschnigue$or measuringthe soil watercontent or tension;
andplantbasednethodswhich arestill largely at theexperimental stagendrely on measurements
of the crop plant water status or water stresserdlare advantages and disadvantagesth
method.

IndirectMethods
Balance Sheds

By using known models advapo-transpirationtogether with weather station data on rainfall,
temperature, relative humidity, wind speed andrsetergy it is possible to estimate the rate of
water losgrom a crop,giventhe crop coverA balance sheet can then dmnstructedo schedule
irrigation applications to match water that has been losevapo-transpiration. In the simplest
form these can be manual sheets filled in withitsetd farmrainfall andirrigation, with evapo-
transpiration from weeklpublishedVeteorological Officedata.

Example of averagelaily evapo-transpiration rates for agroclimaticarea inEastern England

April 1.9
May 2.7
June 3.1
July 3.1
August 2.3
September 15

The above example relates téuth grasscrop cover. In practice, allowance needs to be made
the percentage ground cover dasing crop growth water loss will be reduced compared with the
full grass evapo-transpirationalue. Evapo-transpiratiomlsovariesbetween theariousvegetable
crops. At full ground cover, water loss may well exceed thatriass)

The figuresshown are averageActual daily evapo-transpiration durinfpe summercanvary from
1.5mm/dayon a cool damp day tbnm/dayon a hotvindy day. As well asdeterminingthe current
soil moisture deficitby calculation omeasurementt is highly desirable to take some account of
weather conditions and potential water loss, as agethe weather forecast, when deciding how
much water to apply over the coming week.




On-farmestimatesof evapo-transpiratiomre possible usingpecifically designed equipment such
as the etGuage. There are also computerisechtmlsheet’ models available such ABAS
Irriguide, which takes away the need fmlculationsthoughrainfall and crop cover data need to
be inputted periodically. Thesgstemsalso overcome the inaccuracies associated with ahanu
balance sheets as they model ground cover devetd@and root extensionlThey also calculate
actualevapo-transpirationf the crop.

The information providedy balance sheets is only as good asrteemationfed in.Inaccuracyin
measuring rainfall or irrigation or in estimatingp cover or rooting depth (e.i.affected by
compaction)can lead to accumulated errors.

However, theadvantage®f balance sheet methods are teddtively little equipment is required,
forward predictionsare possible and an average resultis given wkiclot dependent on a direct
soil watemeasuremerat a point thamight not berepresentativef the whole field.Assessments
of the sophisticated versions show that theynmare favourably for accuracy with other
measuremennethods.

Direct Methods

Equipmentthat measures sailoisture directlydependsrucially on siting of probes at points that
aretypical both of the soil type and theeigation applied. Variationsin soil textureor the amount
of waterappliedacrossafield can lead tdlifficulties in interpretingdata,thoughit is normalto have

a number ofmeasuringpoints peffield to help overcome this.

Measuring Soil Water TensionTensiometeraind Resistancélocks

The physical characteristics of a soil and its wattent determine the tension or pressu
which water is held. Thavailability of water to the crop and the ease with which this be
extracted fronthe solil orsoil-less substrates known asnoisturetension and can be measured}
Tensiometers. Of all the methods used for irrigation schedulimgasurement of soil moistur@
tension mostlosely relateso theavailability of water to the crop at that point.

Tensiometergontain water in a porous cup mounted on a coldranisinsertedinto the soil. As&
the soil becomes dry, water moves out of the cup thrs creates a vacuum elsewhere in
instrumentwhich is readrom a dial gauge or, in the more recent devices, tizcestivia a sens
to give adigital readout. Tensiometerare normally sited in pairs, one being placed at about
third of the totaftooting depth, and the other within the lower third of theting zone. Irrigation
is applied when a certain critical tension is restin the upper zone. The reading in the lo
zone indicates when the what®ting zone has beerestoredto amoist state, thuavoidingover- &
watering. l

As mentioned above, optimusiting of theinstrumentds critical tominimise (or characterisejhe |
effectsof in-field variation. Tensiometersire well suited for use tnickle-irrigatedcrops.

The main problems are breakage in the field andpeted loss of tension in the water columns
if the soil becomesxceptionallydry. Once purchased, the running costs are lowadingscan
be taken by the grower.




PorousBlocks

Soil watertensionmay also beneasuredvith the use of porous block$heseare buried in the soil
at the desired depth where the water content oblbek equilibrates with the surrounding soil
water. Varioustypes are available, but the most commonggpsum resistancblocks where the
electrical resistance of the block is measured ligeder, which is calibrated to the soil water
tension. Gypsum blocks are short-lived, but reddyy inexpensive. The Watermark block, of
synthetic manufactures availablein theUK and islongerlasting.

In comparative trialsthe Watermarkblock was slower to respond to changes in soil matesion
thantensiometersr TDR’ probegseebelow).

MeasuringDielectricConstant Time DomainReflectometry(TDR) and Capacitance Probes

It has been showexperimentallythat the measurement of the dielectric constaet €dse with
whichelectromagnetic wavesan beransmitted) othesoil can bedirectly relatedo the volumetric
water content.

There are two approaches to measuring the diedazdristant of the soil and hence the water
contentTime DomainReflectometryand radidrequencycapacitance.

Time Domain Reflectometry (TDR)has become an accepted technidore soil moisture
measurementsn thelast few yearshecost oftheequipmenhas reduced and a numiéportable
and datdogging devices have become available in th€ offering the advantage®f easy probe
installation, independence of soil type and thdompbf instantaneous readout or data logging.
FrequencyDomainReflectometry (FDRgquipment operates insamilar manner.

The standardDR technique uses 2 or 3 parallel steel rods attathadhandle connected to the
unit via a coaxial cablePulsed transverse electromagnetiaves argransmittedalong the probes
and the return lines of the pulses reflected byetle of the probes are measurdtis signal is
determinedy thedielectric constant ahesurrounding soilwhich can beelatedto the volumetric
water content.

Wheninstalled verticallytheprobes giveanaverage reading ovénelength ofthe probe.To obtain
readingsat differentdepth zones, probes would need tdansertedat each depthiThisis much less
convenient than with the neutron or capacitancbgsavhere poimeadingscan be taken down
the profile through one access tube.

With the TDR equipment it iselatively easy to takeeadingsof soilmoisturein the 0 - 15cm zone;
shallow soil depteadingsare moralifficult with a neutron probe.

Due to the importance of corranstallation— theirperformances verysensitiveto the effects of
air gaps or stondDR equipment is probably best used permanently sit¢d,a data logger, so
thatvariationsin water content at one point can dmtinuously monitored, eliminatirgjte to site
variation. Relatively short probe lengthis10cm)allow the probe to be insertéghtly in the soil
with greaterease but reduces the volume of soil being measured.

Radio frequencygapacitancédevices (commonlknown as Capacitanpeobes)have also become
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more widely available in recent years. These devise higlirequencyradio waves to measure
soil capacitance, which is related to the dieleatdnstant of the soil, and hence the volumetric
water content. They employ a permanently siteésxeubesimilar to that used with a neutron
probe. The probe is lowered into the access tuteemtingsare taken at each required depth.

Somecare is needed ensuregheaccessube ignstalled tightlyinto thesoil with no airgaps,which
would result in inaccurate, low readings. Whenrecity installed and calibrated, capacitance
probes will give accurate readings with many of #uvantages of the neutron probe system,
repeatableneasurementat the same location and depth profiles. Unlikertbatron probe, near
surface measuremernasepossibleand there are n@diologicalhazards.However,the volumeof

soil measured ismalland prone to error isoils with a high stone content.

Neutron FPobes

The neutron probeffers another way ofleterminingthe volumetricwater content of the soil. The
soil moisture is measured by lowering a sourcéasf neutrons and a detector tube down an
aluminium access tube set into the soil for the dif the crop. The detector tube detects ‘slow’
neutrons which are created whéast' neutrons from the source in the probe collide it
hydrogen atoms of water. The quantitystéw’ neutrons is proportional to the amount of water
present.

Because of theadiologicalhazards, only licensed operators can use this eguipso specialist
contractorsaarenormally employed.Commercial operators generally offeservice whereby or 3
x 1.2m tubes armsertedn afield andreadingsaretakenby thecontractor weeklypr as the grower
requires. The results are converted into mm wattdi00 - 200mm zones down to 1.2m and
deficit calculated.Daily crop water use isstimatedoy deductinganyrainfall or irrigation fromthe
water loss.

Correction factor®r calibration curves are required for each sqétjo convert theeadingsinto
volumetricwater content. In practice, commercial operagergrallyselect a standard curve for
the soil type on the site.

As with TDR and capacitance probes, the neutrobemives a reading of volumetric water
content. To convert volumetric water content iatsoil moisture deficit (which is essential to
interpret theresults)it is necessary to know what the water content atafield capacity (“full
point”). This requiregeadingsto be taken at an appropriate time during the wiottet any time
when the soil is thought to befatid capacity.

Normally the access tubes are sited in pairs inlooation in the field, near the headland for
convenience of readindgdowever,there is aisk that they may not beepresentativef thefield as

a whole. Another important consideration for shallow-rootexps is that the neutron probe is less
accurate foreadings withinl5cm of the soiburface,due to the escape ‘sfow’ neutrons fromthe
soil surface.

Notwithstandingtheselimitations, neutron probeeadingshave proved accurate e@stimatingthe
amount of water lost from a sqifofile at a site between one reading and the néhis is stilla
very useful facilitywhentrying to maintain soimoistureat a set level.




The ability to measure water content at differesgttis through the profile is also useful in
interpretingtheresultsand can lead to a bettarderstandin®f rooting depth and soil compaction
within a profile.

The need to employ contractors to take readingsel site on a regular basis is unfortunately
becomingincreasinglyexpensive. Although there are advantages ifbcontractinghis work to
knowledgeable specialists, some growers prefefiekibility of taking readings using their own
equipment such aDR or capacitance probes.

Plant Based/lethods
Remote SensingfPlantWaterStatus

A number of techniques have been usegkrimentallyto measuréirectly plant water status. Of
these, the use aifra-red sensors is now the closest to commercial exploitatiThe technique
involves taking measurements of leaf temperature usingfaa-red thermometeor camera and

comparing it with aeferencereading of a standard wet and dry surface. Theesgeigrwhich the

leaf is able to maintain@mperaturdelow that of the ambient dgmperatures used to generate
a measure of plant water stress.

At presentthe potential applicatiorof infra-red thermographis beingassesseth alimited number
of field cropswithin the UK.

Soil MoistureDeficits to Irrigation Schedule

The list offields and crops with their associated soiisture deficitmeeds to béransformednto
anirrigation plan for the next 5-10 daytskinginto account:

= Differencebetween the curre®MD and thecritical SMD;the response periods
= Rateof moistureloss and weather forecast

= Croppriority ranking

* Nearnes®f equipment and time taken to appbcessaryrrigation

Some scheduling systems incorporat®recastingelement whiclassists forward planning; often

is the subject of discussion between farm manageamehconsultantCareful matching of crop
requirementa&ndequipments necessaryo ensurethatirrigation keepgpacewith demand.As peak
demand periods approach it may be necessary toiatg increases in soil moisture deficit by
irrigating above a crop’s immediate needs, as long as this dot bring the soil above field
capacity.




Manual balance

Low Low Low High No No
sheet
Computerised
balance sheet Irriguide Low High Medium High No No
service
Tensiometer Irmimeter Medium Low High Low High No No
Digital electronic Skye
tensiometer electronic Medium Low Low Low High Yes No
tensiometer
Synthetic block Watermark Medium Low Low Low Medium No No
TDR Theta probe
FDR Grodan meter High Low Low Low High Yes No
ISUF (Netafim)
Capacitance probe Enviroscan
with data logging Delta T Low High Medium Low High Yes Yes
service profile probe
Capacitance probe . : . .
Diviner Low High Medium Low High No Yes
i Various Medium High High Low High No Yes

service




7 lIrrigation Auditing

Growers understand the value of irrigation and libeefits that it can bring. Many have been
improving the efficiency with which it is applied to crops-However,in ourpreliminary surveynly

half - 53% - ofgrowersconducted a water audit at the end of each sed8ithin thisfigure some
audited mordormally than othersA review each season is recommended and may be required in
futureto ensurethat allwateris used in areffectiveandresponsiblenanner.With futurelegislation
itislikely thatefficiency of water use will bessessedhen licences are reviewed.

Where extra land is taken on, or when major charigethe system are envisaged, careful
consideratiorof all manageriapointswithin this manuabwill showbenefitsin improvedoperation.
A water audit should bendertakerannually coveringthe following:

= Assesswvater use records for recent yeadentify existingandfuture needs

< Compare water availability with anticipated cragpidemand and quantity of licensed
abstraction

« Measureaccuracy andniformity of application

« Review scheduling systemwere data inputs accurat&s?he system deliveringhe required
informationand is it cost-effective?

= Ensurecompliance withegislationandcustomercrop production protocols
= Ensure applicatiorequipment is capable ofeetingthe anticipated demand

= Ensure planting systenasmdapplicationmethodminimises water loss, soil erosiamd leaching
whilst maximisingcrop response

e Checkforleaks and ensure equipment is maintained
= Ensurethatstaff involved are adequately trained




8 Legisleti(';ﬂ‘-

TheEuropeanUnion hasidentified water as a key natural resource, which must be geahma
sound ancenvironmentally responsibleanner. EU Directives areimplementedn the UK under
various Acts of Parliament arRRegulationsrelating to both water pollution and management of
waterresourcesThe newEuropean Water Framework Directisad thedraft Water Bill will impact

on growers duringhe coming years.

Enforcemen

The enforcement of mowtater-related legislatiois theresponsibilityof the EnvironmentAgency
(EnglandandWales)and theScottish Environmental Protection Agen§cotland)Most concerns
over legal compliance should be routed throughgtlagencies in thigst instance.

WaterPollutionand Contamination

The WaterResources Act (WRAL991 allows for individuals responsible for causing ptithn to be
prosecuted. Under thgRA it is anoffenceto cause oknowingly permita dischargeof poisonous,
noxious or polluting matter or any solid waste tdee ground or surface waters without proper
authorisationWithin the WRA the GroundwateRegulations1998 have been implemented. These
Regulations make it an offence to dispose of liggdstances (including pesticides and some
elements irfertilisers)to land where this may lead to a direct or indidésthargeto groundwater.
Growersneed to apply to thenvironment Agency for authorisatidio disposeof listed substances,
which include pesticide tank washings.

Water pollution offences can carry a penalty oftap£20,000 in aMagistratesCourt and an
unlimited fine in the Crown Courtlt may also be necessary to pay for any damage cdnysed
pollutionand clean-up costs.

The Code of GoodAgricultural Practice for the Protection of Waater Code’)1998  contains
a section oriSpecialised Horticultureivhich is relevant teoil-lesssubstrate grown crops. The
Codesuggestshatirrigation andfeed system runoff shoulde monitoredand operated in a way that
minimises nutrientun-off.

Businessesusing the public mains water supply come underWiager Supply (WateFittings)
Regulations1999 (Water Byelaws2000 in Scotland)These Regulationgeplace thdormer Water
Supply Byelaws. They relate to the design, ingt@lh and maintenance of plumbing systems
(including irrigation) waterfittings and wateusingappliancesTheir purpose is t@reventmisuse,
waste, undue consumption or erroneous measuremeater and, mosmportantly,to prevent
contamination of drinking water. Businesses arauireq to carry out a contamination risk
assessment faachwater fittingor appliance thatontainswvater, or otheliquids, and is connected
to the plumbing system. Only approwvittings should be used to prevent backflow and water
suppliers should be provided with advance notilbicaof any water system (e.g. irrigation)
installation.Approved plumberganprovide certificate$o demonstrat¢hatsystemsare compliant.

Regulationsunder the Water Industry Act 1991 implemeribking water standards set und&®
Directives80/778/EECand 98/83/EC (théDrinking Water Directives ’). These set maximum
admissible concentratio®ACs) for 57 listed parameters. TMAC for nitrate indrinking water
is 50 mg/l NQ. TheMAC for total pesticides is 0.5 pg/l, and 0.1 pg/l dosingle pesticide.
Restrictionscould be imposed oholdingsfound to becausing contaminatioof the source waters
of publicdrinking water supplies.
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The EUWaterFrameworkDirective (WFD) 200060/EC) came into force in December 2000 and
should be incorporated intdK law by 22 December 2003. Tbérective covers both pollution
and water resoureeanagemenand aims tdring together various EU Directives relatit@water.
The Directive will require the development of Catent Area ManagemeStrategies (CAMS)
across the country, which will regulate water udeach area will develop its own strategies,
depending on the regional pressures faced. Grawaysbe affected in terms of the range of
pesticidesandfertilisersthat can be usedlithin certaincatchmentsas well asneasureso minimise
impacts on local ecology and habitats.

WaterResourceManagement

Dry summers duringhe 1990svighlighted regionalvatershortagesn variousparts of the country.
In February2003, the Government published a Draft W&i#r, with a view to it being on the
statutebook in 2004. Tharaft Bill proposesneasurego facilitate the sustainable managemeuoit
our water resources and will undoubtedly impactwater abstraction licence holders. Under
present legislatiorall newabstractiorlicences are time limitecExisting non-time limitedlicences
will become time limited under the proposed BilheéEnvironment Agency (Englanand Wales)
will assess licences and will probably tie timeitgnin with the six yearly cycles developed for
CAMS. In themajority of cases, licences will be granted for 12 yedisis will be increased for
schemes witheservoirsand reduced in areas where demand is high or babi@athreatened.

Where abstractions are causing adverse impact@eriironment, then action will have to be
takento reduce théevels ofabstractionThis may involve providing compensatidn the abstractor
involved. This compensation would be financed through increaseddie fees. In some areas of
‘waterstress’,licence holders will be required to carry @mvironmental monitoringvhich may
make water abstraction too costly for some abstractTheefficiency of water use will also be
assessewhen licences are reviewed.




9 Souces of Informétion

Useful References
Legislation guidesaind codes gbractice

‘Code of GoodAgricultural Practice for the Protection @Water (The Water Code). 1998. Defra
Publications.

‘Taking WaterResponsibly- Government decisions following consultation changes to the water
abstraction licensing systeim EnglandandWales’. 1999. Defra Publications.

‘Tuning Water Taking— Government decisions following cdtadion on the use of economic
instrumentdn relation to wateabstraction’.2001.Defra Publications.

‘The Water Supply (Watdtittings) Regulations1999 and The Watdyelaws 2000 (Scotland)—
What are they and how do thaffect you?’.2001. The WateRegulations Advisorgcheme.

‘Water SupplySystems:Prevention of Contamination and Waste of Drinkingté¥ Supplies —
Agricultural Premises’2001. The WateRegulations Advisorscheme.

‘Guidelinesfor Farmersn NVZs — Nitrate Vulnerable Zones1998.Defra Publications.
Technicalnotes guidesand other publications

Irrigatedcrops and themanagement Roger Bailey, Farming Pre4990.
Defra Land Management Improvement Divisiolrigation Best Practice Manua2002

Goodlrrigation Practice-making evendrop count when theignot enough to go rourfeiB 2513).
Reprinted May1996.

Irrigation Water Assessmenand Management PlanEfficient use of irrigation wate(PB3935).
Printed Februari999.

Irrigation Scheduling- Uses and’echniques (PB2511). Printd®96.

PB bookletsall from: Defra PublicationsADMAIL 6000,London SW1A 2XX
Tel: 08459 556000Fax: 020 8957 5012




Relevant Organisationand Contact Details

EnvironmentAgency, Head Office, Rivers House, Waterside Drietec West, Almondsbury,
Bristol, BS124UD.
Tel: 01454 624 400Tel: 08459 333 111 Emergency Hotline0800 80 70 60
Internet: http://www.environment-agency.gov.uk
http://www.environment-
agency.wales.gov.uk

The Met. OfficeL.ondonRoad Bracknell, Berkshire, RG12SZ.
Tel: 0845 300 0300 Internet: http://www.metoffice.com

UK Irrigation AssociatiorExecutiveSecretaryMelvyn Kay
Tel: 01427 717624internet:http://www.ukia.org
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