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Irrigation

INTRODUCTION

Citrustreesare evergreen and require water B

throughout theyear. Maturecitrustreescan
use between 800-1500 mm of water per year
dependingonranfal andirrigation
management. In generd citrustreeshavesome
ability towithstand water shortagesand their
thick leaves (especialy older leaves), low
number of stomataon leaves, and waxy fruit
help conservewater.

Variouscultura practicesa soimpact on plant
water useand irrigation. Although cover crops
or interrow sods competefor water they also
reduce evaporation and runoff, improve water
infiltration, soil structureand soil health. The —
useof mulchimproveswater infiltration, soil S e
structureand water holding capacity and }3_,3? T
reduces evaporation and runoff. Controlling Photo by Greg Moulds
weeds reduces competition for water and Young trees with a single dripper
skirtingtreeshelpsimprovesprinklerirrigation "€

distribution and dlowsfor easier maintenance

of irrigation systems.

Thereisvery littleinformation specifictotheirrigation of lemonssothefollowingis
generd informationfor citrus. It isrecommended that your irrigation system be
designed andingtalled by aqualifiedirrigation specidist. Tolearn more about
irrigation you could al so attend one of the accredited irrigation coursesavailable,
such asWaterwise on the Farm.

IRRIGATION MANAGEMENT
Good irrigation management requiresinformeation about:
. Crop water requirements
. Rootzone depth
. Soil characteristics
. Water quaity
Thebenefitsof good irrigation practicesand an efficient irrigation systeminclude:
long term productivity;
increased production per megditre;
improved water useefficiency;
reduced production costs;
reduced runoff and subsurface drainage | osses,
applieswater evenly, a aratethat islessthan theinfiltration rate of the soil;
matchesthe climateand crop requirements
iscompatiblewith the physical and topographic conditionsof theareg;
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iscompatiblewith the management operationsof theorchard.
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CROP WATER REQUIREMENTS

Water istransported throughout thetree a most continuoudy fromthe soil tothe
roots, theninto thevariousplant partsand finally into the leaveswhereit isreleased
into the atmosphere aswater vapour (transpiration) during daily cyclesof
photosynthesis. Water isneeded for photosynthesis, nutrient acquisition and uptake.
Itiscrucia for successful budinitiation, flowering, fruit set and fruit growth. Water
useishighest in thewarmer months between October and March and lowest inthe
winter during Juneand July. L eaf stomataopeninthe early morning and peak water
demandisusudly intheearly afternoon.

Crop water useisaffected by many factors. Theseinclude:

. crop conditions- variety, rootstock, root depth, tree age, tree size, growth
stage and crop load;

. soil conditions- texture, rootzone depth, water content and availability,
infiltration rateand water holding capacity;

. climatic conditons- temperature, rainfall, solar radiation, evaporation,
humidity andwind.

A knowledge of thevariousstagesof growthin citrusisimportant for irrigation
management. Treesgo through anumber of growth stagesthroughout theyear. The
timing and length of each stage dependslargely on theclimatic conditionsof the
growingregion.

Thekey stagesinclude:

. bud formation and flower initiation (mid-latewinter)

. flowering and fruit set (early spring)

. fruit growth - cell division (late spring-early summer)

. fruit growth - cell expansion (mid summer- autumn)

. fruit maturation (late autumn-winter)

Themogt critical timesto avoid water stressare at flowering and fruit set and during
theearly cell expansion stage of fruit growth (September to February). Avoiding
water stressduring thesecritical growth stagesmaximisesfruit set and fruit size. At
lesscritical timestheamount and frequency of irrigation can be reduced without
sgnificantly impacting onyield or treehedth.

ROOTZONE DEPTH

Seventy-five percent of citrustreerootsare concentrated in thetop 45-60cmsof the
soil, but there can beroots down to 1.5m depending on soil type. Whenirrigating
you need to apply water to the majority of therootzonefor optimum production.
Rootzone depthisused to cal cul ate the volume of water that needsto be applied.
Volume (ML) = rootzone depth (mm) x area(ha).

Indry arid regionswhererainfal islimited, thetreerootstend to be concentrated in
theareawheretheirrigation water isapplied. In the more humid subtropical regions
with higher rainfal thetreerootsare morewidespread.

Depth of therootzone can a so beinfluenced by rootstock choice. Roughlemonis
generally more degp rooted and subsequently moredrought tolerant then
P. trifoliata and the citrange rootocks.
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Soil temperature, oxygen levels, and the presence of pest and disease pathogensalso
have animportant effect on root function. Low (<7°C) and high (>30°C) soil
temperaturesand low oxygen levelscan dow or stop therootsfunctioning,
preventing them from taking up water and nutrientsfrom the soil. Pest and disease
pathogensreduce root performance by damaging or killing feeder roots.

SOIL CHARACTERISTICS

Lemonsgrow best in soilswith good drainage, such assandy loamsand clay loams.
Thesoil typeanditscondition determines.

. how water movesthrough thesoil (permesbility, infiltration rateand drainage);
. water-holding capacity (how muchwater it will hold and for how long);
. rooting depth (how deep to water).

Thesoil ismade up of particlesof sand, silt, clay and organic matter and the pore
spaces between them. Thetype and amount of these particles determinethe soil
type. Information on soil typeand structureiscriticd toirrigation management.

Soil Water: Soil water isheld in the pore spaces and is attached to the soil
particles. When all the pore spacesinthe soil arefilled with water, the soil issaid to
be saturated. Asthe plant takes up water and the soil dries, thewater inthelarge
pore spacesisthefirst to be used, followed by thewater inthe smaller pore spaces.
Thewater closdly attached to the soil particlesisheld with such forcethat the plant
roots cannot extract it.

Saturated soil - all the pore spacesarefilled with
water.

Soil at Field capacity - thereisagood balance of air
and water in pore spaces.

Soil at Wilting Point - theonly water inthe soil isheld
tightly around soil particlesand isnot ableto betaken
up by plant roots.

Infiltration: The downward movement of water intothesoil isreferredto as
infiltration. Soil typeand structurestrongly influenceinfiltrationrate. Light sandy soils
haveafaster infiltration ratethan soilswith alot of clay. Asaguide, an application
rate of up to 8 mm/hissatisfactory for sandy soil, and4to 5 mm/hin clay soils.

Whenusing dripirrigationwater in sandy soilstendsto movemoreverticaly than
horizontdly, whereasin heavier textured soilswater movesmorehorizontaly givinga
better latera spread. A genera guidetotypical soil wetting patternsisshownin
Figure 1. Theinfiltration rate of soilsisimportant when designing the application rate
of sprinklersand drippers.

Growing Lemons in Australia - a production manual©



Irrigation

Figure 1. Wetting patternsin different soil types

SANDY LOAM CLAY
(coarse) {medium) {fine)

75 to 150cm 150 12 275um 275 W 42%um

Permeability: Themovement of water through the soil isreferredto as
permability. Soilswith agood structure are more permeabl e than compacted or
heavy clay soils. Some soilscan a so haveimpermeablelayerswhich canimpede
drainage and causewaterlogging. The permeability of asoil isimportant when
designingirrigation applicationrates.

Waterholding Capacity: The soilsability to hold and retain water isreferred to
asthewater holding capacity (WHC). Theamount of soil organic matter and clay
particlesinfluencethe WHC of soils. Sandy soilshavealow WHC whileclay soils
haveahighWHC.

DESCRIBING SOIL WATER STATUS

Thereareseveral termsused to describe the moi sture content of soils. Theseare
used indecidingwhentoirrigate.

Saturation point: Whenitrains, or whenyouirrigate, all the soil poresfill up and
the soil isthen said to be saturated. At thispoint thereare no air spacesin the soil
and therefore no oxygen. Oncethe soil issaturated, any morewater added causes
run-off. Depending upon the soil type, soilsmay remain saturated for hoursor days.

Field capacity: Whenthelarger soil poreshavedrained (1- 4 days), thesoil is
saidto beat field capacity. At thispoint the soil isstill wet, but not saturated. The
water isprimarily heldinthesmall capillary poresof thesoil, whichisthemain source
of plant moisture. At thispoint, thewater isreadily availablefor plant use. Aswater is
progressively removed from the soil (surface evaporation, plant extraction and deep
drainage) the soil dries. Thedrier the soil, the higher the suction, and the harder the
plantshaveto work in order to extract water. If aplant hasto work too hard at
extracting water, it will begin to show symptomsof water stress. Field capacity in
most soilsisat atensiometer reading of -8 kPa.

Readily available water (RAW): Water that can be easily removed from the
soil by plantsiscaled thereadily availablewater. To achievehighyields, irrigation
management should aim to ensurethat the plantsareawaysusing readily available
water. RAW isexpressed in millimetres per centimetre (mm/cm) or metre (mm/m)
and indicatesthevolume of water (mm) held in every centimetre (cm) or metre (m)
of soil throughout the plant root zone. The RAW capacity of asoil formsthebasis
for scheduling irrigations. Table 1 givesRAW vauesfor arange of soil textures.
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Table 1. Readily available water for tree and vine crops for a suction level of
~40 to -60 kPa for different soil textures. (Extracted from the Waterwise on the Farm
Course Manual)

soil sand | loamy | clayey | sandy | light | loam | sandy| clay light | medium | heavy
texture sand | sand | loam | sandy clay | loam | medium| clay clay
clay loam clay
loam

readily | 0.38( 0.55 0.60 065 | 0.74 | 0.84 | 0.71 | 0.65 0.57 0.57 0.41
available
water
(mm/cm)

Refill point: When dl thereadily availablewater has been used the plant roots
cannot easily extract water. Thisstageisreferredto astherefill point and thisisthe
timetoirrigate. For most tree cropstherefill point isbetween -40 and -60 kPa.
Water isstill present inthe smaller pores, but plantshaveto exert agreat deal of
energy to extract it. Plant growth and fruit development ishalted while soil moisture
remainsat thispoint.

“40 to “60 kPa
Feafill poini

Wilting poind
1000 kPa

=) Salurated sail
0 kPa

Ory SobS
Permanent wilting
point ~1500 kPa

(Extracted from I rrigation Scheduling for Fruitgrowers)

Permanent wilting point: 1tiseasy for plantsto extract water when the negative

pressureisanywhere between -8 kPa(thetension after afull irrigation) to 60 kPa. These

figuresvary with soil type, crop variety and age. Asthe soil getsdrier, it fill contains

water but the plants haveto exert atension greater than -60 kPato usethewater. This

extraeffort may stressplantsand reduceyields. Eventually the soil reachesapoint at
whichthe plant can no longer extract any water and thisisknown asthe permanent

wilting point. Oncethe soil has passed thispoint, water isheld by the soil sotightly that
theplant will wilt and diefrom lack of water. Permanent wilting point isreached in most

soilsat ~1500 kPa.
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WATER QUALITY

Thereareanumber of factorsthat affect water quality and these can be detrimental
to treegrowth and devel opment. Any water you planto usefor irrigation should be
tested by an accredited |aboratory. The quality of irrigation water should beregularly
monitored becauseit can change over timeand fluctuate with seasona conditions

(especidly during adrought).
Salinity: Oneof thegreatest water quality concernsissalinity. Satinirrigation
water affectscrop performancein severa ways.

. dissolved saltsin theroot zone can affect water availability (salt outcompetes
rootsfor moisture);

. reduces shoot growth and yield (normally reducesfruit number);
. depending on rootstock can decrease%juice, acidity and TSS;

. the presence of certain elements such aschloride, sodium, or boron can cause
toxic effects.

During adrought the salinity of thewater usually increases. In conditionsof low
humidity the effectsof sdlinity canaso beintensified . Testing the salinity of thewater
will indicateif thewater issuitablefor irrigation.

Salinity measurements of water arereferred to asthe electrical conductivity (EC) of
thewater. EC measuresthe extent to which water conductsan electrical current and
the higher the salt |oad the higher the conductivity. EC canbeeasily measuredusinga
handheld EC meter or by sending asampleto alaboratory for anaysis. ECis
generaly expressed in micros emens per centimetre (US/cm) but sometimesas
decisemensper metre (dS/m) or millisemensper centimetre(mS/cm). [1dSm =
ImS/cm=100uS/cm].

Thesalinity threshold for lemonsis 1.3 dSYm (sand), 0.7dSYm (loam) and 0.4dS/m
(clay). Lemonsare more senditiveto salinity than orangesand grapefruit.

Itisestimated that water at an EC of 1.6dS/mwould resultina10% reductionin
yield. Other factors, such asthe soil’sability to drain, themethod of irrigation, the
level of rainfall, thevariety and rootstock also affect the ability of plantsto copewith
sdinity whenwetting of thefoliageisavoided. Rootstocksvary intheir ability to
restrict the uptake of sodium and chlorideions. P. trifoliata accumulateschloride
lonsandissat senditive, whereas Cleopatramandarin, Troyer and Carrizo citranges
have good salt tolerance. (For moreinformation refer to the Rootstocks section).

pH: Water with apH reading between 6.0 and 8.5 isgenerally suitablefor irrigation.
Highly akalinewater with high carbonate and bicarbonate level s can affect plant
uptake of cal cium, magnesium and sometrace elements. It also tendsto precipitate
cal cium carbonate which can cause blockagesin pipes. Carbonate and bicarbonate
levelsof upto 150 mg/L are acceptable, while 350 mg/L would be causefor
concern.

Sodicity: Theconcentration of sodiumions(Nat+) or sodicity of thewater isalso
important. Thesodium adsorption ratio (SAR) isameasure of theimbal ance of
sodiumionsréativeto calcium and magnesumionsinthewater. High SAR levels
cause poor water penetration through the soil, poor drainage, low aeration levelsand
poor soil structure. Soilsaffected often have ahard, blocky structure and surface
crusting. High sodiumlevelsin soilscan betreated with gypsum.
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A generd guideto SARvaues.
. < 6.0 (mmole/L)¥2-waterlogging unlikely;

. 6.0-9.0 (mmole/L)Y2- aproblem exists but can usually be managed
with gypsum,

. >9.0 (mmole/L)V2- severe problems.

Chloride: Highchloridelevelsinwater may cause poor growth and death of plant
tissue and sengitive plants (especidly if thewater issprayed directly onto the plant).
If thewater isgpplied by dripirrigation, and not on the plant, levelsbelow 140 mg/L
(ppm) are generally acceptable. Readings between 140 to 350 mg/L should be
treated with caution, and any above 350 mg/L should not be used.

Calcuim Carbonate Saturation Index: The calcuim carbonate saturation
index givestherel ationship between pH, sdlinity, akalinity and water hardness. It
indicateswhether thewater islikely to cause corrosion of pumpsand pipesand
blockages of drippersand pipes. Figuresbetween -0.5and 0.5 areusually okay.

Iron: Solubleiron and bacterial iron can cause blockagesto pipes, drippers, and
sprinklersand damageto pressure gauges. If water with high solubleironisapplied
by overhead sprinklers, it can discolour leavesand reducetranspiration and
photosynthesis. Ironlevelsaslow as0.1 mg/L (0.1 ppm) can cause problemswith
blockagesin micro-irrigation systems. The s mplest treatment to removeironfrom
water isto useaeration, followed by settling and then filtration.

Turbidity: Turbidity measurestheamount of solidsinwater. Turbidity canbehighin
someriversand streams. Erosion of soil isamajor cause of turbidity. The dispersed
clay particlesstay suspended in water for long periods and can cause abuild-up of
dudge causing blockagesin drippersand laterals.

Nutrients: Excessivenutrientsin water can bedueto organic or inorganicfertilisers
or other sourcesof organic matter. Excessive nutrient loadsin water canresultin:

. prolific growth of aguatic weedsand agaewhich restrict water flow;
. reduced water quality from the production of agaeand bacteria toxins;
. cloggedfilters.

SCHEDULING IRRIGATION

Efficient irrigation syslemsmatch plant water usewith water gpplication. Irrigation
scheduling alowsyou to apply theright amount of water at theright time. It helps
you make decisions on the amount of water to apply, whento start and stop the
irrigation, and theinterva betweenirrigations.

Thebenefitsof irrigation schedulinginclude:

| providesoptimum soil water conditionsfor plant health and growth;
V] useswater efficiently and effectively:
M ma misesproductivity;

V] minimisesleachi ng, runoff and wasteage.

Not schedulingirrigationscorrectly frequently |eadsto periodsof over-watering
(waterlogging) or under-watering which both affect treehedlthand yield.
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Under-irrigating trees causes water stress. Water stress occurswhen thetree cannot
replacethelossesfrom transpiration. It can occur when soil water islow, on hot
windy daysor when root function and performanceisaffected by unfavourable soil
temperatures (too low or high), low oxygen levels, or the presence of pests(eg.
nematodes) or disease pathogens (eg. Phytophthoraroot rot). Treescan suffer
water stress beforethere are any obviousvisua symptoms. Symptoms of water
stress can be more severe on shallow rooted rootstocks.

Some of the symptomsand effects of water stressinclude:
. wilting andthickening of leaves;

. fruit and vegetative growth dowsor stops;

. leaf and fruit drop;

. reduced fruit set;

. nutrient defeciencies,

. satdamage;

. shoot and tree degth;

. increases TSSand % acidity;

. decreasesfruit szeand %juice;

. canimproveskinqudity;

. caninitiateflowering.

Over-irrigating trees can lead to waterlogged soils.

Some of the symptomsand effectsof waterlogginginclude:
. gparsefoliage and stunted trees, which reducesyield;

. reduced oxygen level sinthe soil (reducing root function);
. root degth;

. increased root diseases such as Phytophthora root rot;

. nutrient leaching;

. wasteswater (through surfacerunoff and subsurfacedrainage);
. TSSand acidity decrease (especidly in oranges);

. %juiceincreases.

I rrigation scheduling involves using information about arange of factors. These
factorsaredividedinto three categoriesand include:

1. Plant based scheduling - includesusing knowledge of plant growth
stagesand visua assessment of the plant.

2.  Soil based scheduling - includesusing soil water monitoring devicesand
visud assessment of soil moisture by the appearance and fedl of the soil.

Monitoring soil water: Monitoring soil moisture statususing tensometers, test
wellsand other devices providesasound basi supon which to develop and improve
your irrigation practices. Monitoring soil moisture beforeanirrigationisimportantin
scheduling the quantity of water to be applied and to predict thetiming of the next
irrigation event. Monitoring soil moistureafter anirrigation providesinformationon
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thefate of water down the soil profileand can identify problemswith the depth of the
irrigation water applied. Soil water
can bedetermined by measuring
either the soil water tension or the
total water content. Various
ingrumentsareavailablewhichvary
in cost and complexity.

Tensiometersarethemost widely
used devicefor measuring soil water
tenson. They act likeartificia plant
rootsmeasuring theforcein
kilopascals (kPa) required to extract
moisturefromthesoil. In order to get .
accurate measurementstensometers Te_nsior_neters are useful for monitoring
must bemaintained in good condition soil moisture status

and have good contact between the ceramic tip and the soil. They work best in coarser
textured soilsand are unsuitablein cracking clays. They measuretensionsup to ~85kPa.
Tensiometers should be placed at severa depthsinthe soil (for example 30,45 and
60cm depending on plant rootzone depth) to gauge water content throughout theentire
root zone. Thedrier the soil the higher thereading. Table 2 providesageneral guideto
tensometer readings.

Table 2 General guide to tensiometer readings. (Extracted from the Waterwise on the Farm
Course Manual)

Readings Interpretation
(-kPa)
0-10 Soil is very wet. continual readings in this range

indicate excessive irrigation and waterlogging.
Plant root damage highly probable.

10-25 Best balance of soil moisture and air. Ideal for plant
growth.
25-40 Soil moisture sufficient for plant growth. May need to

irrigate on light soils.

40-60 Soil is getting dry. Crops are probably stressed.
Crops should be irrigated in this range.

over 60 Irrigate now

Gypsum blocksa so measurewater tension and can be used in finer textured soilssuch
asloamsand clayswheretensiometersare unsuitable. There are two types of gypsum
blocksthe GBH and the GBL and they measure different soil moistureranges. The GBL
measures between -10 and ~200kPa and the GBH measures between -60 and
~600kPa. The GBL isthe most suitable as soil moisture needsto be kept between -10
to -60kPafor citrus.

Instrumentsthat measurethe soil water include the neutron and C probesand the
Gopher, Diviner and EnviroSCAN sensors. Theseinstrumentsare more expensive but
providevery accurate readings. They useloggersto automatically record measurements
which can then be downl oaded to acomputer and used to automateirrigations.
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3. Weather based scheduling - includesassessing local climatic conditions
and evapotranspiration (ET).

Water islost from soil surfacesthrough evaporation and from plantsthrough transpiration.
The combined |lossesfrom evaporation and transpirationiscalled evapotranspiration
(ET). ET isequivalent to plant water useand isused to work out theirrigation
requirementsof crops. ET variesbetween regionsand isinfluenced by local climatic and
soil conditionsand the crop type.

Computer technol ogy using weather bureau information can be used to predict estimated
evapotranspiration using aknown reference crop. Thisfigureisreferred to asReference
Crop Evapotranspiration (ETo) and can berelated to the water used by aspecific crop
type. The ETofigure needsto be converted to equal thewater use by atypical citrustree
and thisisdoneusing avalueknown asacrop factor (Kc). For moreinformation on
cropfactorstalk toyour local horticultural or irrigation advisor.

IRRIGATION SYSTEMS

Lemonscan bewatered using any of themainirrigation systems. InAustraliamost
orchardsuseeither mini or microsprinklersor dripirrigation. Theuseof drip
irrigation hasbecome more common sincethe 1990's.

Drip

Dripirrigation can beusedin arange of soil typesincluding sandy soilsand those
with alow water holding capacity. Dripirrigation applieswater directly tothe
rootzone of thetree and soil water ismaintained by frequentirrigations. Itis
potentidly themost water efficient system. Young treesare often set up with one
dripper lineand astreesgrow asecond line can be added to the other side of the
row. Thebenefitsand limitationsof dripirrigationinclude:

Ability to automateirrigation events.
Allowsfertigation.

Reduced |abour.

Evendistribution of water acrosswholeblock.
Ability to apply exact amountsof water.
Accessinto blockswhilstirrigating.

Initia setup costshigh.

Limitedleaching ability.

Not abletoirrigateinter-row sods

HEERNN NNANFN

Mini or Micro Sprinklers

Thesesprinkler systemsare suitablein awiderange of soil typesincluding thosewith
low infiltration ratesand water holding capacity. Thebenefitsand limitations of
microsprinkler sysemsinclude:

[l Ability toirrigatesod culture.
[] Ability todeliver exact amountsof water.
[l Water distribution acrossthe block better than flood but not asgood asdrip.
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[x] (] ] ] 6] R R N M

Ability to automateirrigation events.

Offer some protection against frost

Allowsfertigation.

Easy to apply leachingirrigations.

Need to keep treeswell skirted.

Need to have good weed control.

Regular field check for blocked and broken sprinklers.
Wind can affect theuniformity of water distribution
Canincreasehumidity inthelower tree canopy

Overhead sprinklers

Theuseof overhead irrigation hasbecomelesscommoninthelast 20 years. The
benefitsand limitationsof overhead sprinkler sytemsinclude:

HEEEMNNNRNRNRNRFN

Ability toirrigate sod culture.

Ability to ddliver exact amountsof water.

Water distribution acrossthe block better than flood but not asgood asdrip.
Allowsfor frost protection (if water isavailablein channdl).

Ability to automateirrigation events.

Removesdust fromtrees.

Easy to apply leachingirrigations.

Regular field check for blocked and broken sprinklers.

High maintenance costs (partswesaring, higher pumping costs).

Poor distribution of water inwindy conditions.

Requiresquality water, cannot usedightly salinewater dueto risk of scorching
leaves.

High evaporation lossesin hot windy wesather.
Can contribute to pest/disease problems.
Increased humidity inthetrees canopy.
Higher cost

Furrow

Furrow irrigationisbest suited to deep permeable soils (such asloamsand clay
loams) with gentle d opesand high water hol ding capacity. The benefitsand
limitationsof furrow irrigation include:

|

|
M

Low set-up and running costs.
Larger wetted areaof theroot zone.

Easy to apply leachingirrigationsfor salinity control.
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Canfill profilequickly.

Usesvaluable spacefor open head ditch and supply system.
Difficult to deliver an exact amount of water.

Accessto block not possiblefor anumber of daysafter irrigation.
Uneven distribution of water along thefurrow.

Lockedinto aset applicationtime.

Hard to prevent water from going beyond root-zone.

Highlabour input.

[x] (] [x] (] (] [x][%] X
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