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Crop Management

INTRODUCTION

Thebest economic returnsare achieved for fresh fruit and it isimportant to manage
treesto produce good quality fruit. Market specifications should alwaysbethemain
determinant of crop management so that thefruit produced aretheright sizeand

qudlity.
CROP DEVELOPMENT

Intropical and subtropical regionswith mild winter temperatureslemonstend to be
everflowering and can bear multiple cropsthroughout theyear (Northern Territory,
Queendand, Western Australia, northern and coastal NSW). However themain crop
isproduced in late autumn - winter. Thistendency to produce multiple crops extends
the supply season providing market opportunities, but it also increases production
and management costs. Fruit growth and devel opment inwarmer aressisfaster
taking between 6-7 monthsto reach maturity.

In the southern growing areas of New South Wales, Victoriaand South Austraia
with hot summersand cold wintersone crop isnormally produced from the spring
flowering and harvested in late autumn- winter. Fruit growth and development in
these areasis d ower taking between 8-9 monthsto reach maturity.

Citrustreesgo through aseguence of growth phasesthroughout theyear. Indistricts
wherethereisonly one crop of lemons produced thetiming of these growth phases
would befairly typical. However in regionswhere multiple crops are produced
different phases of growth would be occuring s multaneoudly. Thetypica sequenceis
asfollows.

Bud formationand flower initiation (mid winter)
!
Flowering and fruit set (early spring)
!
Fruit growth - cell division (late spring - early summer)

!
Fruit growth - cell expansion (mid summer - early autumn)

|
Fruit maturation (lateautumn - winter)

Flowering

Howeringin citrusoccurswhen there arefavourable temperatures and soil water
andfloweringinlemonsisaffected by climatic factorsmorethan with other citrus
varieties. Flowering occurs 3-4 weeksearlier inwarmer districtssuch asthe
Northern Territory and Queensand compared to the cool er southern regions of
Augrdia

Flower bud induction occurswith the cessation of vegetative growth asaresult of

ather:

. cold temperatures (lessthan 25°C for severa weeks) inwinter. Thesemi
dormant stateof treesinwinterismoreeasily brokeninlemonsthanwith

other citrusvarietiesenabling them to produce flowersand fruit throughout the
year; or

. or aperiod of water stresslonger than 30 days, especially intropical and
subtropical areas.

Growing Lemons in Australia - a production manual©



Crop Management

Thebudsthen differentiateinto flowerswhen warm temperatures or soil moisture
relievethestress.

Other formsof stresssuch asdrought or asudden flush of moisture after adry-spell
can a so causeflowering. Inawell-managed lemon orchard, stressisnormally
avoided by careful and timely application of management practicesespecialy
irrigation.

Flowering can also be affected by other management practices. For example
nitrogenfertiliser hasbeen used to stimulate flowering but thisisusualy only effective
If levelsof nitrogen in plant tissue are bel ow optimum concentrations. Time of harvest
canadso haveadgnificant effect on flowering especidly if fruit arehung late.

Fruit set and growth

Lemonsdo not need cross pollination to set fruit and produce acrop. Lemonsare
alsolesssengtive than orangesto high temperaturesin thefruit set period and good
yieldsareobtainedin hot regions.

Fruit growth rateisafunction of temperatureand soil moisture. The higher themean
temperaturethefaster the growthrate, providing thereisadequate water. Fruit
growthisfaster intropica and subtropica areasand dower in cooler climates. In
tropica and subtropical regionsthefruit growsuninterruppted if moistureisnot
limiting with areduced timeto reach maturity. In colder areasgrowth can be
interrupted by cold temperatures. The optimum temperaturefor lemon tissuegrowth
1S30°C, temperatures of 25-30°C are satisfactory and no growth occurs above
40°C. Thecroploadisnormally the most important determinant of final fruit Size,
however loca climatic conditions, nutrition andirrigation al so have an effect.

FRUIT QUALITY CHARACTERISTICS
Therearemany factorsthat have an affect onthetheinternal and external quality

characteristicsof fruit. Variety and rootstock selections, treeage, local climatic Factors impacting
conditionsand management practicesall impact onfruit quality. For informationon on fruit quality -
thefruit quality characteristicsof different varietiesand the effectsof rootstock on IZI Variety
fruit quaity characteristicsrefer to the Varietiesand Rootstock sectionsof this
manud.

|ZI Rootstock

Internal quality
Lemonsarenaturaly acid, being highintotal acidity and low in Total Soluble Solids

(TSS) compared to other citrusvarieties (excepting acid limes). Inlemonsthe IZI Glluchs
organic acid content increaseswith fruit devel opment whereasin orangesit .
decreases. IZI Nutrition
Theaccumulation of acidishighly correlated with temperature. In hot tropical and IZI Pruning
subtropical regions, fruit tend to have higher quantitiesof acid per tonne of fruit.

Rootstock a so appearsto influencefruit acidity but thiscan be variable depending o
onvariety. Generally fruit grown on Rough lemon rootstock havelower acidity than |ZI Irmigation
thosegrown on P. trifoliata. Theamount of irrigation does not appear to

sgnificantly influenceinternd fruit qudity but thequality of irrigation water does. Pests
Generdly increasing salinity resultsin adecreasein percent juice, acidity and TSS,

however the degree of impact isalso influenced by rootstock. Diseases
Inthe past percent juicewastheonly internal quality characteristicused asa

marketing standard for lemonsinAustralia. Fruit needed to haveaminimumjuice Wind

content of 25% for the main winter crop and 20% for the spring and summer crops,
but these marketing standards no longer apply intheAustralian domestic market.
Cdliforniarecommendsaminimum juice content of 25%for lemons.
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Mediumto long term postharvest storage of fruit canincreasethejuice content and
acidity and reduce pedl thicknessof fruit. It issometimesused toimprovethequaity
of main crop (winter) lemonswhich have atendency to becomethick skinned and
dry if left toolong onthetree.

Asfruit overmaturether quality declineswith decreasing percent juice, fruit firmness,
total acidity and ascorbic acid content and increasing fruit diameter, weight and peel
thickness.

Pests such as spined citrus bug and some nutrient deficiencies, such asboron, can
asoaffect internd fruit quality by causing internal browning, gumming and drying of
thepulp.

Fruit shape

Fruit shapeislargely governed by variety choice, however shape can also changeas
thefruit maturesor thetreesget older. An exampleof thisisthe Vernalemonwhich
has quite aprominent neck when produced from young trees, but which appearsto
belesspronounced astreesmature. Also if the Vernafruit areleft to hang late on the
treetheneck canfill out and becomeless prominent.

Fruitsize

Fruit sizeisinfluenced by variety, rootstock, crop load and irrigation practices.
Generdly whenthereisaheavy crop or high numbersof fruit, averagefruit sze
decreases. Somevarieties such asFino and Yen Ben tend to produce small to
medium sized fruit in spiteof cropload. Good irrigation management isimportantin
achieving good fruit set and obtai ning maximum fruit S ze. For moreinformationon
irrigationrefer to thel rrigation section of thismanudl.

Pedl quality

Ped quality and skinthicknessarearesult of variety choicebut aresignificantly
influenced by rootstock choice, nutrition and environmental conditions. For example
fruit grown on Rough lemon rootstock tend to be more coarsaly textured with thicker
skinsthan that grown on P. trifoliata rootstock. Plant nutrition, in particular the
balanceof nitrogen, phosphorousand potassum significantly influence ped
characterigtics. For exampleexcessive nitrogen and potassum levelsresult infruit
which are puffy and havethick peels. Anexcessof nitrogen can aso delay ped
colour development. For moreinformation ontheimpactsof nutrition onfruit quality
refer to the Nutrition section of thismanual.

Theextraction of the ped oil from lemonsisan important processin somecountries.
Theamount of pedl ail infruit isdependent on variety and tendsto increase asthe
fruit develop and mature. Pedl oil yield can a so be affected by tree nutrition, with
Increased nitrogen tending toincreaseoil yield whilst increased potassium depresses
oil yied.

Theincidenceof pests, diseasesand wind can significantly reducetheexternal quality
of fruit so good pest and disease management isessential. For moreinformation on
pests, diseases and their control refer to the Pests, Diseases and Control sections of
thismanud.

ACHIEVING GOOD FRUIT QUALITY

Thereareanumber of other key management techniquesthat can beused to
improvefruit quality. Theseinclude pruning, skirting, planting interrow sodsand
windbresks.

Pruning
Ingenerd, lemonstreesareusualy very vigorousand requireregular pruning.
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Pruning a so keeps production zones nearer to the ground where the costs of
harvesting arelower.

Pruning opensup thetreefor better light penetration and hel psencourage and
promotefruit throughout the entire tree canopy. Fruit are produced on strong young
brancheswhich need adequate sunlight to grow and devel op. Fruit produced on the
insides of treesare more protected fromwind and sunburn.

Pruning al so removes deadwood whichisasource of disease particularly in areas of
higher rainfall and humidity such asonthe coast.

Hedging can bean important cultural practice especialy when closer row spacings
areused. Itisused to shapethe canopy allowing more sunlight to get to thelower
partsof thecanopy. Timing of hedging isimportant and should be undertaken at
timesthat reduce damageto maturing fruit and to avoid sunburn of both fruit and tree
limbs. For moreinformation on hedging refer to the Canopy Management section of
thismanud.

Skirtingtrees
Skirting treesinvolvesremoving dl thelow hanging branchesand foliagefrom near
theground.

Thebenefitsof skirting onfruit quality include:
[] diminatesmechanica damageto fruit cominginto contact with theground;

preventsfunga pathogens (eg. Phytophthora spores) from being splashed
fromthesoil ontothefruit or foliage;

M
[V] disruptsthe pathway fromweedstothetree, that ants other insectsand
snalsuse

M

makesit easier to apply herbicideswithout spray drift to fruit and foliage.
Thisisimportant in reducing resduesinfruit and herbicidedamagetofruit
andfoliage;

[] improvestheuniformity of distribution of water duringirrigation and also
alowsfor easer maintenanceof irrigation systems;

[V] preventsdamageto fruit when equipment isused to spread fertilisersor
mow interrow sods,

[l improvesair circulationinthetree canopy, which reducestheincidenceof
disease and speedsthe drying of fruit to be harvested.

Interrow Sods

The cultivation and maintenance of apermanent vegetative cover betweenthetree
rowsisknown astheinterrow sod. The sod isnormally amixture of perennial
grasses and legume species (such aspeas, medicsor clovers). Theinterrow sod
needswater and nutrientsto survive and this needsto betaken into account when
irrigating and fertilising your trees. Inwinter the sod should be kept short to prevent
theincidenceof frost.

Thebenefitsof having aninterrow sodinclude:
[] providesanimportant habitat for beneficial insects;

[l hepskeeptheorchard cooler in summer and warmer inwinter;
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reducesdust;

improvessoil organic matter;

Improvessoil structure;

improvesand maintainssoil floraand faunapopulationsand biodiversity;
improvessoil water and nutrient holding capacity;

Improveswater penetration into the soil;

reducesrunoff and soil erosion;

suppliesextranutrients. If legumes such as peas, medicsand cloversare
used they can provide asmall amount of nitrogen;

N RNNRNNRNANN

allowstreerootsto remain active closer to the soil surface. The soil iscooler
under thesod in summer so treerootsare ableto remain activefor longer.
Thisalowsthetreeto continue extracting essential nutrients which areoften
concentrated near the surface.

Windbreaks

Windbreaks hel p reduce blemish onfruit and improvetree growth which affectscrop
yield. Surfacewind scarring onfruitisone of the mgjor reasonsfor fruit being
downgraded or regjected at the packing line. Where possible, plant natura
windbreakswell beforethelemon treesare planted. Living windbreaksal so need
adequateirrigation and nutrition (especialy when young) to enhancetherate of
growth and reduce the competition of windbreak treeswith thelemon trees.

The shade caused by windbreaks can have adetrimenta effect on adjacent orchard
trees so windbreaks may need occasional hedging to reducetheir shading effectsand
toretaintheideal degree of permeability. Regular deep ripping of treeroots between
thewindbreak treesand thelemon orchard isessential.

Generdly well-managed windbreaks contribute significantly to the profitability of an
orchard. For moreinformation on windbreaks seethe Orchard Establisment section
of thismanud.

MANAGING CROP LOAD AND TIMING

Lemon crop management inAustraiaislargely focussed on practicesthat aimto
producefruit “out of season” inthelate spring to early autumn period, when thereis
ashortageof local fruit and prices on the domestic market are highest.

Normally lemon treestend to flower heavily in spring producing the mg ority of their
cropinwinter. Eveninthoseareaswheretreeshavetheability to set several crops
throughout the year between 65- 75% of fruitisstill setinspring and harvestedin
winter (May toAugust) whiletheremaining 25 - 35%isharvested mostly between
December and April.

Therearearange of management practicesthat have been used around theworld to
market fruit “ out of season” and to manipulate cropping times. Themaost commonly
used practices are documented bel ow. The most well documented method of

mani pul ating cropping isthe use of water stressto induceflowering out of season.

Variety and Rootstock Choice
Lemon variety and rootstock selection aswell asmix have been usedin some
orchardsto extend thefruit production period. A selection of different varietiesona

Growing Lemons in Australia - a production manual©



Crop Management

range of rootstocks can be planted to
expand thetiming and extent of harvest.
However thistechniqueismoresuited to
smaller scaleoperationsand inareas
wheretreeshavetheability to flower
throughout theyear.

Somelemon varietiessuch asVerna
naturally maturemuch later than other
varieties. At atria siteontheCentrd
Coast of NSW Vernamatures 2-3

: . Verna trees with very heavy crop
monthslater than Eurekaand Fino, in loads and harvested late, were

early tomid spring. However inthistrial  inclined to have significant limb

breakages and some trees died as a
result.

any Vernatreesthat had avery heavy
crop load and were harvested late
(October) tended to have significant limb
breakages and sometreesdied. Inthefollowing winter the crop load wasa so very
small with treestending towards an dternate bearing cycle. Hanging fruit late can
impact ontheamount of floweringinthefollowing spring.

Treespacing

Tree spacing can haveamagjor effect on orchard profitability. Normally the closer
treesare planted the earlier they comeinto production. The higher setup costs of
high-density plantingsispartly offset by thisearly production and yield, however
controllingtreesizeiscritical inhigh density plantings. Assessthe expected tree
vigour and future pruning programin determining ideal tree spacings.

Choiceof variety, rootstock and soil depth will also affect tree vigour and growth.
For moreinformation on variety and rootstock characteristicsrefer to these sections
inthemanual. Thetree spacing sel ected should allow for easy access of equipment
(eg sprayersand tractors) down each row without causing damagetofruit. [deally
tree canopiesshould meet withintherow inaroundfiveyears.Typica treeplanting
densitiesfor lemonsinAustraliaare 6 - 7m between rowsand 3.5 - 4m between
trees. High density plantingsare5 - 6 m between rowsand 2 - 3m between trees.
For moreinformation refer to the Grower Case Studies section of thismanual .

Postharvest Sorage

Lemonsareableto be cool stored after harvest for long periods of timeand short
and long term storage can be used to market fruit at times of peak market demand
bothinAustraliaand oversess. InAustraliathispracticeisnot common and isusually
only used onthemainwinter crop. In Cdifornialong term postharvest storageis
common practice.

Fruit harvested when silver green are stored for around 6 weeks, light greenfruit for
up to 2 monthsand dark greenfruit for 5-6 months. During storage, if fruit are
internally maturewhen harvested, fruit quality characteristicssuch aspedl thickness
and juice content can beimproved. Fruit need to be regularly monitored during
storage aslossesfrom postharvest diseases such asgreen and blue mould can be
high. For moreinformation on postharvest storage of lemonsrefer to the Postharvest
Handling section of thismanudl.

Degreening
Lemonscan aso be harvested when the pedl istill greenand then artificialy
coloured using the natura ripening compound ethrel. Degreening allowsfruit to be
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picked to sizeandismost commonly used to market the main winter crop early, in
May rather than June or July. Fruit that are going to be degreened should still be
internaly mature.

For moreinformation on degreening lemonsrefer to the Postharvest Handling section
of thismanual.

Growth Regulators

Giberrdlicacid (GA) anatura plant hormone, delaysthelossof green pigmentinthe
fruit rind thereby delaying fruit maturity. Itisregistered for useinlemonsand canbe
applied 4-6 weeks prior to harvest whenfruit are at thesilver green stage. However
if fruit areto be degreened postharvest, the gpplication of GA will dsoincreasethe
timeit takesto colour fruit compared to unsprayed fruit. For moreinformation onthe
useof GA refer to the Pest and Disease Control section of thismanual.

Lemons can be sprayed with GA at the
silver green stage to delay harvest.

Photo by Greg Moulds
Colour development of GA
sprayed lemons (top) compared
to unsprayed fruit.

Pruning
Pruningisbeing tried by anumber of growersto regulate flowering and crop load,
but thereisno documented evidence on what procedures consistently work.

Pruning could be used to physically adjust crop load at the main spring flowering and
fruit set time. Pruning isundertaken either at flowering or after fruit setin spring,
reducing thecropload resulting inasmaller winter crop. It ishoped that thiswould
resultinthe treessetting moreflowersand fruit at other times of theyear. Hedging
would be the most economical method of pruningto use.

Somegrowersare al so experimenting with using pruning at different timesof theyear
to manipul ateflowering “out of season”. One approach has beento prunein autumn
to reducethe number of potential flowering Sitesin thefollowing spring, thereby
reducing the main winter crop. Coupled with thistechnique hasbeen amodified
nutrition program.

Water Stress

Theuse of water stressing lemon treesto produce an out of season cropiscommon
practicein Sicily. In Sicily asinthewarmer partsof Australialemon treesnormally do
flower in summer but thecrop load issmall. In Sicily summer temperaturesare 24-
26°C and thereisapronounced dry period from June-August.
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InSicily water iswithheld from lemon treesat the beginning of summer (June-July)
until thetreesare severely water stressed. During thistimetheflower budsare
induced but rarely develop. Treesarethenirrigated forcing (“forzaturd’) themto
flower (usualy 3-4 weekslater) in autumn. Thisout of season summer crop the
“verddli” isthen ready for harvest thefollowing summer.

InAustralia: A number of lemon growersthroughout Australiahavetrialled the use
of water stressto manipul atethe seasonality of fruit productionwith limited success.
However it worksbest in areasthat have apredictable and guaranteed dry season.
Overal it gppearsthat its successrate hasbeen extremely variableand it cannot be
relied upon with any certainty especialy if loca rainfall eventsare unpredictable.

Inthe Northern Territory researchers have been having some successwith using
water stressto manipulate cropping inlemon and grapefruit treesgrowing at
Katherine. Inthisregionthey typically have problemswith poor and erratic flowering
duetothetropical climateand absence of very cold temperatures. Their aimwasfor
thelemon treesto produce acrop in the December-February period which hashigh
domestic market prices. Researchershave beentrialling the use of water stresssince
1996 and thetrees <till appear to beinrelatively good condition.

Inthe Northern Territory they haveafairly predictable dry season extending from
May to September. The subtropical growing conditionsmean that fruit grow quickly
taking around 6-7 monthsto mature, compared with cooler regionswherefruit take
8-9 monthsto reach maturity. Floweringisal so concentrated into a2-3 week
period.

Thecurrent method used inthe Northern Territory focuses on maintaining adry
period of around six weeks. Periodslessthan this(iefour weeks) have not induced
flowering. After six weeksof withholding water thetrees|ook very stressed with full
leaf curl and 10-20% leaf drop. Thetechnique hasbeen successfully tried on Eureka
lemonson arange of rootstocks (Troyer, Benton, Swingleand Cleopatra).
Approximatetimingisto start thewater stressat the beginning of May for aperiod
of sx weeks; irrigatein mid-June; thefruit are set by late July and then ready for
harvest at the end of January. When using thistechniquethelemon treeswill only
produce one crop per year.

After water stressing thetreesfor six weeksthetreesarethenirrigated and fertilised
with 100% of theannual nitrogen requirement (100g/treelyear of age) plusafoliar
ureaspray at 1.5%. Fruitletsare set six weeksafter theinitial irrigation with flowering
occurring during that time. So the sequence of eventsissix weeks of water stress,
followed by irrigation and fertilisation. Thenext six week period consistsof bud
break, leaf flush, flowering and fruitset followed by a28 week fruit devel opment
period. Intotal the program takesatotal of 40 weeks'.

In California?: Theaim of using water stressisto achieve asecond crop of lemons,
harvested during the summer. Thelong term effects of using moisturestressonyield
and tree vigour are unknown. The method recommended hereisbased on that used
inSicily. (NB.Timingisfor thenorthern hemishere).

1. Sartingthe Stress—Turnthewater off during thefirst two weeksof June
(December inAustralia). Allow treesto use up theavailable soil moistureand
reach the” permanent wilt” level of water stress (25to 35 bars, negative
predawn xylem pressure potentid). Visual symptomsinclude: dight
defoliation, yellowing and curling of leaves, compl ete cessation of growth, and
leaveswilted at dawn. If thislevel of stressisreached inlessthan 50to 60
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days, start adeficit irrigation (see step 2 bel ow) beforeasgnificant number of
treesreach 50% defoliation, approximately 45 bars. Excessivedefoliationwill
weaken thetree, reduce”Verdeli” fruit set and the quality of thewinter crop.
If the desired stress (25 to 35 bars) isreached after 50-60 daysyou don’t
need toimplement deficitirrigation. Sandy and shallow soilswill usualy dry
before 50 daysand will need thedeficitirrigation.

2.  Ddficit Irrigation —If the25t0 35 bar level isreached inlessthan 50 days
then adeficit irrigation regimeshould beinitiated. Apply one-fourth of the
normal crop water useinweekly to threetimesweekly irrigations. Typical
rateswill be 26510 380 litres per tree per week during the deficitirrigation
regime. Theamount of applied water on any oneday should not besufficient
toinitiate new growth, but only to keep the plant from defoliating. Plant water
stresslevelsof 20to 30 barsduring this period appear to be optimal.

3. Resumption of Irrigation — Thetrees should berewatered after 50 to 60
daysfromthestart of thedry period. Thefirstirrigation must be sufficient to
refill the primary root zone (top 18 inchesof soil). Sprinklershave beenthe
most effectivefor rapidly bringing thetreesout of stress. After theroot zone
has been replenished, normal irrigation should beresumed. Overhead sprinkler
irrigation should beavoided during “ Verde li” bloomto minimisepollination and
diseaseproblems.

4.  Fertilisation —Nitrogen fertiliser appearsto haveminimal effect onthe
production of bloom, but isthought to be beneficia for fruit set and growth.
Soil applied nitrogen of 180 36 kg of N per hectare has been thetraditional
approach, but foliar urea, oneweek and three weeks after resumption of
irrigation also appearseffective.

5. Pruning—Heavy pruning should beavoided during April or May beforethe
“Verddli” stress, but trees pruned after two to three weeks of stresshave
produced asuccessful “Verddli” crop.

1 Source: Personal Communication with Mark Hoult, Horticulturist with the
Northern Territory Department of Agriculture, March 2004).

2 Extracted from Forsyth, J.B., Report on a Citrus Sudy Tour to California,
1986, Miscellaneous Bulletin 21, NSW Agriculture).
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