




Modernconceptoffloraldevelopmentanditsapplicationinhorticulture

INTRODUCTION

Flowers'importanceinnatureiseverywheretheycanfeedinsects,birds,animals

andhumans;providenaturalmedicinesforhumansandsomeanimals;andaidina

plant’sreproductionbyenticingoutsidepollinators.Withoutflowers,plantswould

merelybegreen,andtheworldwouldbeadullerplace.Themainpurposeofflowers

isto aidinplantreproduction.Flowersprovideaneye-catchingattributetoan

otherwiseplain,green-leavedplant.Wheninsects,birdsandsomebatsdipdownto

takealookattheflowerandstealitsnectar,theyareinadvertentlypollinatingthe

plantsbymovingpollenorplantsperm from themalestamenstothefemalepistils.

Thefloweristhemostcomplexstructureofplants.Flowersdistinguishthemost

recentlydivergedplantlineage,theangiospermsorfloweringplants,from theother

landplants.Flowerstructurehasbeenstudiedinavarietyofways.Studiesofthe

naturalhistoryandevolutionarybiologyofflowershaveemphasizedunderstanding

theultimate(evolutionary)causesofthewiderangeofvariantssuchascolor,

symmetry,meristic arrangements (e.g.flowerorgan number),size,pollination

syndrome,etc.Otherstudieshaveaddressedthecellular,tissuetype,morphological

and physicalfactors thatcan accountforboth the phenotypic plasticity and

developmentalconstraintsinflowerform [EndressP.K.Angiosperm floralevolution:

Morphologicaldevelopmentalframework.In:SoltisD.E.,Leebens-MackJ.H.,Soltis

P.S.,editors.Advances in botanicalresearch,incorporating advances in plant

pathology.Developmentalgeneticsoftheflower.1.Vol.44.Vol.8.California:

AcademicPress;2006.pp.2–61].Adifferentapproachflourishedinthelate1980s



andearly1990s,themoleculargeneticsofflowerdevelopmentintwomodeleudicot

species:ArabidopsisthalianaandAntirrhinum majus[(Plantdevelopmentgoing

MADS.JackT,PlantMolBiol.2001Jul;46(5):515-20),(Molecularmechanismsof

flowerdevelopment:anarmchairguide.KrizekBA,FletcherJC,NatRevGenet.2005

Sep;6(9):688-98),(Molecularmechanismsunderlyingoriginanddiversificationofthe

angiosperm flower.TheissenG,MelzerR.AnnBot.2007Sep;100(3):603-19)]

NectarforInsects,BirdsandBats:Thereareavarietyofinsectsthatfeastonthe

nectarofflowers,butthemostnotableonesarebees,wasps,antsandbutterflies.

Becausetheseflowersrelyonanoutwardsourcetopollinatethem,someplants

haveevolvedtomakethemselvesevenmoreattractivetotheirpollinators.Thebee

orchidhasevenevolvedsothatitappearsasifafemalebeeisontheorchid,when

infactthe"bee"isactuallypartoftheflower.Thehibiscusandtrumpetvineflowers

have evolved so thattheirnectarcan be easilytaken and theirpollen easily

transmittedbyhummingbirdsandsunbirds.

Nectarandpollen-eatingbatsfeedonflowersfrom agave,organpipe,cardonand

saguaro,theseplantshaveevolvedtoonlyopentheirflowersatnight,thusreleasing

theirnectarandpollenwhenitisconvenientforbats.

FoodSourceforHumans:Rosepetalshavebeenusedincookingandteasfor

centuries,ashavedaylilies,dandelions,carnations,cloversanddaisies.Citrusand

bananaflowerscanalsobeafoodsource.Theblossomsfrom chives,garlic,basil,

jasmine,lavender,oreganoandsagecanbeusedasherbsandspicesinfooddishes.

Otherflowers,suchasmint,chamomile,gingerandAngelica,canbeusedinteas.

FoodSourceforAnimals:Deerandrabbitsarethebiggestflowerpredatorsinthe

animalkingdom.Geraniumsandpansiesarethefirsttobeeaten,asareflowering



vegetables.Raccoons,skunksandgroundhogsalsonibbleonflowersfrom timeto

time.

MedicinalAids:Manyflowershavemedicinaluses,suchasbegoniaforeliminating

toxinsinthebody,andcalendula,sunflowerandhoneysucklefortreating sore

throatsandtonsillitis.Cornflowercanbeusedtotreatacne,whilevalerianand

Californiapoppyrelievemenstrualcramps.Catsevenuseflowerstocausevomiting

andthuseliminatestomachdistress.

Flowermorphologyresultsfrom theinteractionofanestablishedgeneticprogram,

theinfluenceofexternalforcesinducedbypollinationsystems,andphysicalforces

actingbefore,duringandafterinitiation. Geneticstudiesoffloralhomeoticmutants

inbothplantspeciesyieldedthenow classiccombinatorialABC developmental

modelforfloralorgan determination [(Genes directing flowerdevelopmentin

Arabidopsis.BowmanJL,SmythDR,MeyerowitzEM.PlantCell.1989Jan;1(1):37-52),

(Thewarofthewhorls:geneticinteractionscontrollingflowerdevelopment.CoenES,

MeyerowitzEM.Nature.1991Sep5;353(6339):31-7)].

FlowerDevelopment:

Arabidopsisflowersoriginateassmallgroupsofundifferentiatedcellscalledflower

meristemsontheflanksoftheinflorescence(shoot)meristem.Incontrasttothe

indeterminate shootmeristem which essentiallygives rise to flowerprimordia

indefinitely,flowersaredeterminatestructuresthatproduceadefinednumberof

organprimordia.Theseorganprimordiaresideinfourconcentricringscalledwhorls,

withfoursepalsintheoutermostfirstwhorl,followedbyfourpetals,sixstamens,

andtwofusedcarpelsinthe2nd,3rd,and4thwhorls,respectively.

Therearenumerousgenesrequiredfortheinitiationanddevelopmentofflowers,



andforsimplicitytheycanbedividedintodistinctclasses.

ThefirstclassareFloweringTimegenes,mutationsinwhichcauseearlyorlate

flowering.FloweringTimegenescanthemselvesbedividedintodistinctclasses,

basedontheirdifferentialresponsestoanumberofenvironmentalconditions,such

asdaylengthandvernalization.

ThesecondclassspecifiesMeristem Identity,andincludesgenessuchasLEAFY,

APETALA1,andCAULIFLOWERwhichspecifyflowermeristem identity,aswellas

TERMINALFLOWERwhichmaintainsinflorescencemeristem identity.

AthirdclassincludestheFlowerOrganIdentitygenes,whichdeterminethefateof

organprimordiaandareincorporatedintothe"ABC"modelofflowerdevelopment.

ExamplesoforganidentitygenesincludeAPETALA1(whichisinvolvedinboth

meristem andorganidentity),APETALA2,APETALA3,PISTILLATAandAGAMOUS.

A fourth class includes late-acting genes thatcontrolovule developmentand

extensivegeneticandrecentmolecularstudieshavebeguntouncoverthecomplex

arrayofinteractionsamonggenesinthisclass.Thesescientistsidentifiedhomeotic

mutationsthatresultedinthemisplacementoffloralorgans.

ThreeclassesofmutationswereidentifiedinArabidopsis.

ClassA:flowerswiththesemutationshave(unfused)carpelsinsteadofsepalsin

whorl1,andstamensinsteadofpetalsinwhorl2.Thepatternoforgans(from

outsidetoinside)iscarpel,stamen,stamen,carpel.Thegenescontainingthese

mutationswerenamedAPETALA1(AP1)andAPETALA2(ap2).Belowisanimageof

anapetala2mutantflower(right)nexttoawildtypeflower(left).

ClassB:flowerswiththesemutationshavesepalsinwhorl2insteadofpetals,and



(unfused)carpelsinwhorl3insteadofstamens.Thepatternoforgans(from outside

toinside)issepal,sepal,carpel,carpel.Thegenescontainingthesemutationswere

namedAPETALA3(AP3)andPISTILLATA (PI).Below isanimageofapistillata

mutantflower(right)nexttoawildtypeflower(left).

ClassC:flowerswiththismutationhavepetalsinwhorl3insteadofstamens,and

sepals in whorl4 instead ofcarpels.In addition,the floralmeristem is not

determinate-flowerscontinuetoform withintheflowers,sothepatternoforgans

(from outsidetoinside)is:sepal,petal,petal;sepal,petal,petal;sepal,petal,petal,

etc.ThegenecontainingthismutationwascalledAGAMOUS(AG).Below isan

imageofanagamousmutantflower(right)nexttoawildtypeflower(left).

The ABC model:Each classofgenesisrequired in two adjacentwhorls. Class

A genesarerequiredinwhorls1and2, classB genesarerequiredinwhorls2and3,

and classC genesarerequiredinwhorls3and4.Both classA and classB genesare

requiredinwhorl2,andboth classBand classC genesarerequiredinwhorl3.

The ABC modelthatsummarizestheseresultsisshownbelow.We'lltalkinclass

abouthowthismodelhasbeentested.

Molecularbasisofdifferentiation:

TheA,B,andCgenesare transcriptionfactors. Differenttranscriptionfactorsare



neededtogethertoturnonadevelopmentalgeneprogram suchasAandBneeded

toinitiatetheprogram forpetals.

Horticultureisasegmentoftheagricultureindustry.Theterm horticultureliterally

meansthecultureofagarden.However,theterm hastakenonabroadercontext.

Horticulture includes the production and use ofplants forfood,comfort,and

beautification.A directrelationshipexistsbetweenhorticultureandscience.The

areaofsciencemostcloselyassociatedwithhorticultureisbotany.Botanyisthe

studyofplantsand plantprocesses.Thefield ofscience thatdealswith the

cultivationofhorticulturalplantsisknownashorticulturescience.

Scienceisappliedacrossthehorticultureindustry.Theapplicationofscienceto

horticultureiscalledhorticulturetechnology.Successfullyraisinghorticulturalplants

takesmorethanjustdailywatering.Time,patience,andanunderstandingofdiverse

scientificprocessesareneededtoproduceoptimalplantgrowth.

Thehorticultureindustrycanbedividedintothreeareas:pomology,olericultureand

floriculture.

Pomology:Theterm isderivedfrom Latinwordspomaandlogus.Pomameans‘fruit’

andlogusmeans‘study,knowledgeordiscourse’.Itcanbedefinedasabranchof

horticulture,whichdealswiththescientificstudyoffruitcrops.

Olericulture:Theterm isderivedfrom Latinwordsolerusmeaning‘vegetables’and

culturameaning‘cultivation’.Itcanbedefinedasabranchofhorticulture,which

dealswiththescientificstudyofvegetablecrops.

Floriculture:Theterm floricultureisderivedfrom Latinwordsflorusandcultura.

Florusmeans‘flower’andculturameans‘cultivation’.Itcanbedefinedasabranch

ofhorticulture,whichdealswiththescientificstudyoffloweringandornamental

crops.Landscapehorticultureisa broad categorythatincludesplantsforthe



landscape,includinglawnturfbutparticularlynurserycropssuchasshrubs,trees,

andvines.

SignificanceofHorticulture

Horticulture crops perform a vitalrole in the Indian economy by generating

employment,providing raw materialto variousfood processing industries,and

higherfarm profitabilityduetohigherproductionandexportearningsfrom foreign

exchange.

1.Horticulturecropsareasourceofvariabilityinfarm produceanddiets.

2.Theyareasourceofnutrients,vitamins,minerals,flavour,aroma,dietary

fibres,etc.

3.Theycontainhealthbenefitingcompoundsandmedicines.

4.Thesecropshaveaestheticvalueandprotecttheenvironment.

5.Thecomparativeproductionperunitareaofhorticulturalcropsishigherthan

fieldcrops,e.g.,paddycropgivesamaximum yieldofonly30q/ha,while

bananacropgives300–450q/haandgrapes90–150q/ha.

6.Fruitandplantationcropscanbecultivatedinplaceswheretheslopeofland

isunevenorundulating.Mangoandcashewnutarecultivatedonalargescale

inhillyandhillbackareaoftheKonkanregion.

7.Thecropsareusefulforcultivationinwastelandorpoorqualitysoil.

8.Suchcropsareofhighvalue,labourintensiveandgenerateemployment

throughouttheyear.

9.Horticulturalproduceservesasraw materialforvariousindustries,suchas

processing, pharmaceutical, perfumery and cosmetics, chemical,

confectionery,oilsandpaints,etc.

10.Theyhavenationalandinternationaldemandandareagoodsourceofforeign



exchange.

AvailablehorticulturalcropsinIndia:Accordingtothedataprovidedbythe

GovernmentofIndiafor2016–17,horticulturecropsinIndiaarebeingcultivated

in24millionhectares,whichisabout7percentofIndia’stotalcroppedarea.The

annualhorticulturalproduce is estimated around 295 million tonnes,which

includes175milliontonnesofvegetablesand92milliontonnesoffruitsin

2016–17(HorticultureStatisticsataGlance2017,NationalHorticultureBoard,

GovernmentofIndia).

Indiaisthelargestproducerofokra(lady’sfinger).Amongvegetables,India

rankssecondintheproductionofpotato,onion,cauliflower,brinjalandcabbage.

Infruits,itisthelargestproducerofbanana,mango,guava,lemonandpapaya.

Mango,walnut,grapes,bananaandpomegranatearethemajorfruitsexported,

whileonion,okra,bittergourd,greenchili,mushroom andpotatohavemore

exotic demand.Fruits and vegetables are mostly exported to the UAE,

Bangladesh,Malaysia,theNetherlands,SriLanka,Nepal,theUKandSaudiArabia.

ProspectsofhorticulturalcropsinIndia:Diverseagro-climaticconditionsinIndia

ensuretheproductionofalltypesoffreshfruits,vegetablesandmedicinalplants

in differentparts ofthe country.Health consciousness among people is

increasing.MajorityofthepopulationinIndiaisvegetarian.Asaresult,the

demandoffruitsandvegetablesisalsohigh.Theproductionofhorticultural

commoditiesisfarlessascomparedtotheexistingdemandinthecountry.So,

thereisavastscopetoproducemorehorticulturalcrops.Majorareasinthe

countryaresuitableonlyforhorticulturalcrops,likemango,tea,coconutand

arecanut,astheyarenon-arable,rocky,stony,marshy,undulatedandsloppy.

Therehasbeenanincreaseinirrigationfacilitiesbuttherearecrops,whicheven



with little watering,can survive.One onlyneedsto ensure adequate water

management.Somedrylandhorticulturalcrops,likejamun,ber,tamarind,wood

apple,custardapple,ramphal,etc.,canbegrownonrainfedlandalso.Compared

toothercountries,agriculturallabourandotheragriculturalinputsarefarcheaper

andeasilyavailablehere,whichreducethecostofproductionandgeneratemore

profit.High return,coupled with governmentassistance,through various

schemesandfinancialaid,attracttherichandpoor,trainedandeducatedpeople

towardshorticulture.Thisleadstotheuseofintensivemethodsandimproved

technologyintheproductionofhorticulturalcrops.Awarenessofstorageand

processingmethodsalsoincreasetheavailabilityoftheproduce,jobopportunity

andincomegeneration.

DISCUSSION

Inthelastfew decades,thissectorhasgainedprominenceovercontributinga

growingshareinGrossValueAdditionoftheAgricultureandalliedsectors.Mission

forIntegratedDevelopmentofHorticulture(MIDH)isbeingimplementedbyadopting

anendtoendapproachforincreasingproductionofhorticulturecropsandreducing

post-harvestlosses.IndianCouncilofAgriculturalResource(ICAR),an autonomous

organisation underthe DepartmentofAgriculturalResearchandEducation(DARE).

Formerlyknownas ImperialCouncilofAgriculturalResearch, itwasestablished

on 16July1929.Headquarteredat New Delhi.Itisthe apexbody for coordinating,

guidingandmanagingresearchandeducation inagricultureincludinghorticulture,

fisheriesandanimalsciencesintheentirecountry.NationalHorticultureBoard



(NHB),wassetupin1984onthebasisofrecommendationsofthe"Groupon

Perishable Agricultural Commodities", headed by Dr M. S. Swaminathan.

HeadquarteredatGurugram.Objectiveisto improveintegrateddevelopmentof

Horticultureindustryandtohelpincoordinating,sustainingtheproductionand

processingoffruitsandvegetables.Theproductionoffruitsandvegetableshas

overcome the production offood grains in the country.The totalhorticulture

productionhasincreasedfrom 211.2milliontonnesin2007-08to311.71million

tonnesin2018-19.Indiaisthesecondlargestproduceroffruitsandvegetablesin

theworldwithfirstrankintheproductionofBanana,Mango,Lime&Lemon,Papaya

andOkra.

Classificationofvegetablecrops:Ifthegrowingofeachvegetableisdealtwithin

detail,itwilllead to too much repetition.Itis,therefore,desirable to classify

vegetablecropsintocertaingroupsaspertheirsimilarities

Basedonthenatureofplant(stem)

A.Herbaceousandsucculents:Leafyvegetables

B.Shrubs:Brinjal,chilli,tomato,etc.

C.Trees:Drumstick,jackfruit,etc.

D.Vines:Cucurbits,etc.

Basedonthelifespan(from seed-to-seed)

A.Annuals:Thelifespanofannualplantsorannualsisaseasonorayear,e.g.,

brinjal,chilli,cabbage,cauliflower,cucurbits,tomato,leafyvegetables,etc.

B.Biennials:Thelifespanofbiennialsisoftwoseasonsortwoyears,e.g.onion,

radish,carrot,etc.



C.Perennials:Thelifespanofperennialplantsismorethantwoyears,e.g.,

drumstick(moringa),asparagus(shatawari),pointedgourd(parwal),etc.

Basedonthemethodofcommercialpropagation

A.Sexuallypropagated(byseed):Brinjal,chilli,cauliflower,cabbage,cucurbits,

tomato,leafyvegetables,etc.

B.Asexuallypropagated(vegetativeparts):Asparagus,dioscorea,potato,sweet

potato,onion,garlic,taro,yam,etc.(Cuttings:Asparagus,Bulbs:Onion,garlic,

Rhizomes:Colocasia,ginger,coleus,Tubers:Potato,sweetpotato)

Basedonthemethodofplanting

A.Directlysownplants:Okra,leafyvegetables,carrot,radish,peasandbeans

B.Transplanting:Tomato,brinjal,chilli,cauliflower,cabbage,onion,potato,

sweetpotato,cassava,pointedgourd,etc.

C.Cropsgrownfrom undergroundparts(Rootvegetables:Radish,carrot,turnip,

beetroot,Rhizome:Colocasia,ginger,Bulb:Onion,garlic,Tuber:Potato,sweet

potato,cassavaandyam)

Basedoninterculturalpractices

A.Solanaceouscrops:Tomato,brinjal,chilli,bellpepper,potato

B.(b)Cole crops:Cabbage,cauliflower,knol-khol,broccoliand Brussels

sprouts

C.(c)Leafyvegetables:Spinach,methi,lettuceandchaulai(amaranthus)

D.(d)Podsorcapsules:Pea,cowpea,clusterbean,okra

E.(e)Cucurbits:Gourds,melons,cucumber,pumpkin



F.(f)Rootcrops:Carrot,radish,turnip,beetroot

Basedonclimaticrequirements

A.Temperatevegetables:Radish,potato,carrot,cabbage,cauliflower,knol-khol,

broccoli,etc.

B.(b)Tropicalandsubtropicalvegetables:Watermelon,muskmelon,cucumber,

tomato,brinjal,chilli,etc.

Basedontheseasonofgrowth

InIndia,seasonalorannualvegetablescanbeclassifiedaccordingtotheirseasonof

growth.Season ofgrowth is the period in which the climatic conditions are

favourableforthegrowthandproductionofacrop.

(a)Kharifseasonvegetables:Thesemayalsobecalledrainyseasoncrops.These

vegetablesrequirehotandhumidclimate.Theseasontentativelystartsfrom 7June

andlaststill6Octobereveryyear.Thesowingofseedsmaybeundertakenfrom mid

-MaytolateJuly.Vegetables,likeokra,cowpeas,clusterbeans,etc.,areexamplesof

Kharifvegetables.

(b)Rabiorcoolseasonvegetables:Thesemayalsobecalledcoolorwinterseason

crops as these vegetables require low temperature forgrowth.The season

tentativelystartsfrom 7Octoberandlaststill6February.Thesowingofseedsmay

beundertakenfrom mid-SeptembertolateOctober.Vegetables,likepeas,radish,

carrot,cauliflower,cabbage,knol-khol,leafyvegetables,etc.,areexamplesofRabi



vegetables.

(c)Summerorwarm season vegetables:Theseason tentativelystartsfrom 7

Februaryandlaststill6June.Thesowingofseedsmaybeundertakenfrom mid-

JanuarytolateFebruary.Thesecropsrequirehotanddryclimaticconditionsfor

bettergrowth and maximum production.Clusterbean,muskmelon,cucumber,

watermelon,etc.,aresummerseasonvegetables.

Thediversityofphysiographic,climaticandsoilcharacteristicsenablesIndiatogrow

alargevarietyofhorticulturalcrops.Indiaisoneoftheworld’slargestproducersof

vegetables.

1.Orange:

OrMandarinorangegrowssuccessfullyintropicalandsubtropicalpartsmainly

underrain-fedconditions,inCoorg,Wayanadtract,PalanihillsandtheNilgirisinthe

southbetweenelevationsof600and1,500m.Orangecanbegrownsuccessfullyon

awiderangeofsoils,buttheidealsoilismedium orlightloam withaslightlyheavier

subsoil.Heavyblacksoil,underlainwithmurrainandhavinggooddrainage,isalso

suitable.Inthehillsandhumidregionswhereplantingisgenerallydoneonsteep

slopes,thelandisproperlyterraced.Intheplains,wherethetreeshavetobe

irrigated,thelandshouldbelevelled.TheplacesofproductionoforangesareAssam,

Nagpur,Punjab,Wynaad,Coorg,PalanihillsandtheNilgiris.

2.Mango:

Nearly50percentofthetotalareaunderfruitsinthecountryisoccupiedbymango.

Themangotreegrowsthroughoutthecountryfrom thesealeveluptoabout1,500

m.Itisadaptabletoawiderangeofsoilandclimaticconditions.Itcanwithstand



bothdryconditionsandheavyrainfall.Themangosisanativeofmonsoonlandsand

prefersaclimatewith75-250cm rainfallconcentratedfrom JunetoSeptemberand

meanshadetemperaturesofabout28°C.Themaximum productionofmangoesin

Indiacomesfrom UttarPradesh,Bihar,AndhraPradesh,Maharashtra,TamilNadu,

andKeralaamongothers.TheimportantvarietiesgrownincludeChausa,Safeda,

Langra,DasheriofUttarPradeshandBihar,AlphonsoofMaharashtraandGoa,

BanganapallyofAndhraPradesh,TotapariandKesarofGujarat,RumaniandNeelam

ofTamilNaduandKarnataka.

3.Grape:

Beingasubtropicalfruitgrowswellindryclimatehavingashortsharpwinteranda

longdrysummer.Theydonotthriveinregionshavinghumidsummers.Grapegrows

bestonlight,friable,loamysoilswithfreedrainage.Heavysoilsareunsuitable.There

aredifferentvarietiesgrownindifferentregions.Inthenorthernplainscommon

varietiesareBlackPrince,Bedana,Foster’sseedling,KhandhariDakhandMuscatof

Alexandriaand Perlette;indryand temperateregionstherearetheThompson

seedless,SultanaandKishmishwhite;inSouthIndia,Bangaloreblue,Pachadraksha,

Gulabi,BlackChampaandThompsonseedlessaregrown;inwesternIndia,Cheema

Sahebi,Anab-e-Shahi,and Thompson seedlessare grown.The main placesof

productionofgrapesareinPunjab,Uttarakhand,HimachalPradesh,AndhraPradesh,

Maharashtra,KarnatakaandTamilNadu.

4.Banana:

Whichisamoistureandheatlovingplant,isbroadlyoftwotypestableandculinary.

AmongtheformerarePoovaninChennai(alsoknownasKarpuraChakkarekeliin

AndhraPradesh);Mortaman,ChampaandAmritsagarinWestBengal;Champaand



MortamaninAssam andOrissa;SafedVelchi,LaiVelchiandRajeliinMaharashtra.

Among theculinaryareNandran,Monthan,Myndoliand PachaMonthaBathis.

Bananasaremainlygrowninthetropicalpartswheretemperaturesdonotfallbelow

16°Candrainfallbelow 150cm.Thecoastalplainsandtheirrigatedtractsinthe

peninsularpartsprovideidealclimateforbananacultivation.Theplantgrowsbestin

therichwelldrainedsoilwithamplemoistureandhumuscontent.Themaximum

productioncomesfrom threestates—Maharashtra,TamilNaduandKerala.

5.Guava:

Isaveryhardtreewhichcanwithstandheatanddroughts?Acoolwinterinduces

heavyfruiting.Thetotalareaunderguavaisabout30,000hectareandUttarPradesh

hasthelargestareaunderguavafollowedbyBihar.

6.Pineapple:

Isahumidtropicalplantandgrowswellbothintheplainsandalsoatelevationsnot

exceeding900m.Itgrowsinalltypesofsoilsbutcantolerateneitherveryhigh

temperaturenorfrost.Assam,Meghalaya,WestBengal,Tripura,UttarPradesh,

AndhraPradesh,KeralaandKarnatakaaretheimportantplacesofproductionof

pineapple.

7.Cashew:

CropisgrownmainlyinpeninsularIndiabothforitsfruitsaswellasforitsnuts,

mainlyforthelatter.Itwasin 16th centurythatthecashew plantationswere

introducedinIndiabythePortuguese.Howeverthefirstseedswerebroughtfrom

Brazil.Cashewcannottolerateseveresummersorwinters.Itrequiresamoderately

hightemperatureofabout20°Candarainfallvaryingfrom 50to400cm.Itisnot

veryexactinginsoilrequirements,asitgrowseveninverygravellysoils)Continued



adequate soilmoisture is howevernecessary forthe success ofa cashew

plantation.Thefruitsripenfrom MarchtoMaybuttheseasonisextendedinyears

whenheavyrainfallisexperiencedinNovember-December.Cashew iscommonly

growninthecoastaldistrictsofKerala,Karnataka,GoaandMaharashtra.Thereare

plantationsontheeastcoastofTamilNadu,Orissa,WestBengalandPondicherry.

Tripuraproducessomecashews,too.

8.Mushroom:

Productionhastakenaquantum leapinthelastfewyears.Mushroomsproducehigh

quantityandqualityproteinfrom agro-wastes.Itisrichinlysine(anaminoacid

deficientincereals).

ThemajorvarietyinIndiaiswhitebuttonmushroom.Now growersinCentraland

SouthernIndiaaregrowingoystermushrooms;OrissaandKeralaaregrowingpaddy

strawmushrooms.

Till1980JammuandKashmirandHimachal/Pradeshwereproducingmushroom

(thewhitebuttonvarietybeingatemperatevariety).NowTamilNadu,Uttarakhand,

UttarPradesh,Haryana,Punjabandmanyotherstateshavebegunproductionwith

theintroductionofothervarieties.

9.Vegetables:

Constituteanimportantitem ofhumandietthroughouttheworld.Hence,thelevelof

vegetableproductioninacountryhasanimportantbearingonthenutritionalstatus

ofthatcountry.Apositivefactorincultivationofvegetablesisthatmostofthe

vegetablesareshort-durationcrop.Asaresult,theycanbeproducedinsuccession,

onthesameplotandallthefamilylabourofthevegetablegrowercanbeusefully



employedthroughouttheyear.

Morethanfiftyvarietiesofvegetablesaregrownonanareaofaboutfourmillion

hectareinIndia,majorvegetablecropsofthecountryincludepotato,onion,peas,

cauliflower,tomato,brinjal,okra,cabbageandcucurbites.

Floralinitiation includes allofthe developments necessaryforthe irreversible

commitmentby the meristem to produce an inflorescence (KinetJM.1993.

Environmental,chemical,andgeneticcontrolofflowering.HorticulturalReviews15,

279–33).Controloffloralinitiationisnotrestrictedtothedevelopingmeristem,but

mayinvolvesignalsfrom otherareasoftheplant.Autonomousfloweringiswhere

internaldevelopmentalcuesleadtofloralinitiation.Floralinductioniswherean

environmentalstimulus,mostcommonlyphotoperiodortemperature,leadstofloral

initiation.Often,interactions between environmentalstimuliand endogenous

developmentalcuesexertsome controloverfloralinitiation.Some aspectsof

floweringintreesmakethem especiallychallengingforphysiologists,breeders,and

growers;first,thejuvenilephase,whichlastsforseveralyearsduringwhichtimeno

floweringorfruitingoccurs;second,interactionsbetweenvegetativegrowth,flowers,

andfruitofthepreviousyearonfloralinitiationinthecurrentyear,affectgrowers

throughphenomenasuchasbiennialbearing,andmakeinterpretationofresearch

datadifficultforscientists.

FloralinitiationinArabidopsisthaliana(L.)Heynh,andotherherbsandgrasses:

Arabidopsisisamodelplantusedextensivelyforstudyingthemolecularbiologyand

geneticsofflowering.Arabidopsisisparticularlyusefulbecausetheentiregenome

hasbeensequenced,anditisaneasilytransformableplantwithashortlifecycle

thatproducesmanyseeds.Thegeneticdiversityavailablethroughdifferentecotypes,



thewinterannualandsummerannual,andthroughalargerangeofmutants,isalso

usefultoresearchers.Fourmajorpathwayshavebeenshowntoleadtofloweringin

Arabidopsis:photoperiodic,autonomous,gibberellins(GA),andvernalization,and

theiractionsatthegeneticlevelhavebeenrevealedtoalargedegree.Floweringin

Arabidopsiscanbeenabledbyregulationoftheexpressionofrepressors,oractively

promoted byendogenous orenvironmentalsignals (Boss etal.,2004).These

pathways eventuallyconverge byregulating the floralmeristem identitygenes

(PineiroandCoupland,1998).

PhotoperiodicinductionPhotoperiodissensedintheleaves,withlong-day(LD)and

short-day(SD)plantsflowering in response to the change in the darkperiod,

requiringshortandlongdarkperiods,respectively.InArabidopsis,CONSTANS(CO)

mRNAexpressionisregulatedbythecircadianclockandpeakstowardtheendof

the day (Suarez-Lopez etal.,2001).UnderLD conditions the photoreceptors

cryptochrome1and2andphytochromeAactantagonisticallytophytochromeBto

stabilizetheCOprotein,allowingitthentoup-regulateFT(Valverdeetal.,2004).

BothCOandFTproteinsareexpressedspecificallyinthevasculartissuesoftheleaf

(TakadaandGoto,2003).Onceexpressed,theFTproteinisthentransportedviathe

phloem tothemeristem (Corbesieretal.,2007),sothatinArabidopsisatleast,the

FTproteinactsasa‘florigen’.FDisabZIPtranscriptionfactorthatispreferentially

expressedattheshootapex.FTformsaproteincomplexwithFDinordertointeract

withfloralmeristem identitygenessuchasAPETALA 1(AP1)(Abeetal.,2005;

Wiggeetal.,2005).Togetherorindividuallythefloralmeristem identitygenes

convertshootmeristems into flowers (Pineiro and Coupland,1998).Genes

homologoustoFThavebeenfoundinseveralotherspeciesand,asforArabidopsis,

theirproteinsappeartofulfiltheroleof‘florigen’.Forexample,inrice,OryzasativaL.,



aSD plant,Hd1isaCO orthologueandanoutputofthecircadianclock,which

promotesorsuppressesFTorthologuesunderSDandLDconditions,respectively

(Izawaetal.,2008).UnderinductiveconditionsHd3amRNA,anFT orthologue,

accumulatesintheleafbladeandtheproteinistransportedtotheshootapical

meristem (SAM)whereitpromotesflowering(Tamakietal.,2007).FTorthologue

proteinshavealsobeenimplicatedas‘florigens’incucurbits(Linetal.,2007)and

tomato(LifschitzandEshed,2006).

GAfloralinductionTheGApathwayalsoactivelypromotesfloweringinArabidopsis.

UnderSD conditions,GA4,which is mostlikely produced in the leaves and

transportedtothemeristem,up-regulatesoneorbothofthegenesLEAFY(LFY),a

floralmeristem identitygene(Blazquezetal.,1998;Erikssonetal.,2006),and

SUPPRESSOROFOVEREXPRESSION OFCONSTANS1(SOC1),a‘floralintegrator’

(BernierandPerilleux,2005),leadingtoflowering.GA-deficientmutantshavedelayed

floweringundershortdaysbutflowerontimeunderlongdays(Wilsonetal.,1992).

However,doublemutantsofthephotoperiodicandGA pathwaysfloweredlater

underlong days than double mutants ofthe photoperiodic and autonomous

pathways(ReevesandCoupland,2001),suggestingsomeinteractionbetweenthe

photoperiodicandGApathways.Theinteractionsbetweenphotoperiodicinduction

andGAarewellunderstoodinLolium temulentum L.,aLDfloweringgrass.Long

dayscauseup-regulationofGAbiosynthesisgenesintheleaves,anincreaseinGA

concentrationsintheleaves,andanincreaseinGAexporttotheSAM (Kingetal.,

2006).TheL.temulentum homologuesofArabidopsis’CO(LtCO)andFT(LtFT)also

respondtolongdayswithincreasedtranscriptionlevelsintheleaves.Importantly,

exogenousapplicationsofGAtotheleavesinSDconditionsresultedinflowering

withoutincreasingLtFTlevels.Kingetal.(2006)concludedthatGAwasactingasa



‘florigen’andthatLtFtcouldeitheractasa‘florigen’orenabletheproductionand

transportofothersignals.While GA plays an importantrole in promotion of

floweringinbothArabidopsisandL.temulentum,onlyinL.temulentum hasitbeen

showntoactasa‘florigen’inresponsetophotoperiodicinduction.

VernalizationFloweringinresponsetoexposuretocoldtemperatures,–1Cto10C,

forextendedperiodsistermedvernalization(SimpsonandDean,2002).Variationat

theFRIGIDA(FRI)locusappearstobethemaindeterminantoffloweringtimein

accessionsofArabidopsiswiththewinterannualhabit,thatis,thosethatrequire

vernalization;dominantallelesofFRIrequirevernalizationwhilemanyearlyflowering

typescarrythenon-dominantfriallele(Gazzanietal.,2003).FRIactstosuppress

floweringbyincreasingthelevelsofFLOWERINGLOCUSC(FLC)mRNA,butmay

alsoacttosuppressfloweringthroughpathwaysindependentofFLC(Michaelsand

Amasino,1999).FLCisaMADSdomaingene(MichaelsandAmasino,1999).MADS

domaingenesarealargegroupandhavearangeofplantdevelopmentalfunctions,

althoughthoseassociatedwithfloweringhavebeenmostcommonlyinvestigated.

Variation in FLC also confers variation in the vernalization phenotype;in late

floweringFLCmutants(FLCisoverexpressed),vernalizationspeedsupflowering

andreducestheexpressionofFLCtoundetectablelevels.FLCrepressesexpression

ofSOC1,whichpreventsup-regulationofFDinthemeristem (Searleetal.,2006).

FLC also inhibitstranscriptionofFT intheleaf(Searleetal.,2006);therefore

vernalizationissensedinboththeleavesandmeristem tosuppressexpressionof

FLC.Vernalizationisalsowellunderstoodinwintercereals,barley(Hordeum vulgare)

and wheat(Triticum aestivum)in particular.Vernalization hastensflowering by

promotingexpressionoftheVRN1gene(Trevaskisetal.,2003),afloralintegrator

relatedtoAPETALA1inArabidopsis(Yanetal.,2004),whichdown-regulatesthe



floralrepressorVRN2(Trevaskisetal.,2006).Floweringishastenedinwheatand

barleyinlongdaysthroughVRN3expression(anFThomologue)(Turneretal.,2005).

Ithasbeenproposedthatingenotypesrequiringvernalization,VRN2expression

preventsfloweringinlongdaysuntilaftervernalization(Trevaskisetal.,2007).

Autonomousfloweringtheautonomouspathwayalsoactsupontheexpressionof

FLC although independently ofvernalization.In this case,severalgenes act

additivelytosuppresstheexpressionofFLC(MichaelsandAmasino,1999),butitis

unclearwhytheyactatparticularstagesofplantdevelopment(Bossetal.,2004).

TheautonomouspathwaymayalsoassistthephotoperiodicandGA pathways

through itsaction upon the floralrepressors(Reevesand Coupland,2001).In

additiontothesefourfloralpathwaysthefloweringofArabidopsisappearstobe

regulatedbymoregeneralaspectsofplantmetabolism (BernierandPerilleux,2005).

Forexample,Corbesieretal.(1998)foundthatsucrosewasimportantbothasa

signalandassimilateinthefloweringofastarchlessmutant;Erikssonetal.(2006)

foundthatsucrosecouldactsynergisticallywithGAtopromotefloweringinthe

absenceoflongdays;andBagnallandKing(2001)reportedthattherewerecomplex

interactionsbetweenlightqualityandquantityandtheavailabilityofassimilates

duringLDinduction.

Casestudy1:floralinductioninmango

Mango,MangiferaindicaL.,isanevergreentropicaltreecultivatedinthetropicsand

subtropics.With respectto floralinitiation,mango has been more extensively

researchedthananyothertropicaltreespecies.Thejuvenileperiodformangovaries

withcultivarbutcanbeapproximatelythreeyearsforparticularcultivars(Salomon

andReuveni,1994).Floralinitiationoccursduringlateautumnandearlywinter;

flowerpanicles emerge from the terminaland sub-terminalbuds and grow



continuouslyuntilanthesisoccursinthespring(Fig.2).Mostmangocultivarsbear

irregularly.This has been largely attributed to variation in flowering and,in

subtropicalareas,fruitretention (Whiley,1993).Variations in the amountof

floweringmaybewithintreesfrom yeartoyear,betweentreesinthesameyear,and

betweenbranchesonthesametree.SomeIndiancultivarsarereputedlybiennially

bearing,havingdistinct‘on’and‘off’years(Pandey,1989).

Many ofthe cultivars grown in Australia,including ‘Kensington Pride’,flower

irregularly,butwithoutpredictable‘on’and‘off’years(BlaikieandKulkarni,2002).

Undersubtropicalconditions mango flowersin response to cooltemperatures

(Whileyetal.,1989;BattenandMcConchie,1995;ShuandSheen,1987;Chaikiattiyos

etal.,1994;Nunez-EliseaandDavenport,1994),althoughthetemperaturesreported

forcooltemperatureinductioninmangoaremuchhigherthanthosereportedfor

vernalizationofArabidopsisabove.Whileyetal.(1989)foundthateightoutoften

mangocultivarsfloweredataday/nighttemperatureregimeof15/10C,andonly

one ofthe cultivars flowered at20/15 C,while the othernine cultivars grew

vegetatively;and Shu and Sheen (1987)found that100% of‘Haden’mangoes

floweredat19/13C,60%at25/19Cand0%at31/25C.Interestingly,fourcultivars

thatfloweredat30/20CintheworkofSukhvibaletal.(2000)failedtoflowerat

20/15CintheworkofWhileyetal.(1989).Itispossiblethatthelargerdiurnal

temperature difference was a significantfactor,as speculated byBatten and

McConchie(1995)forlychee(LitchichinensisSonn.).Reportsonthedurationof

coldtemperatureneededforfloralinitiationvaryfrom 4d(Reeceetal.,1946)to2

weeks(ShuandSheen,1987)incultivar‘Haden’andupto35din‘TommyAtkins’

and‘Keitt’(Yeshitelaetal.,2004).Thereisevidenceforaphloem mobilefloral

stimulus (florigen)in mango.Kulkarni(1986,1988b,1991)examined mango



floweringbycross-graftingcultivarswithdifferentinductiverequirements.Whilethe

rootstockwasunderinductiveconditionsitcouldpromotefloweringinthedefoliated

scionunderconditionsnon-inductiveforthescioncultivar,solongastherootstock

hadleaves.However,whenleavesremainedonthescion,floweringwasinhibited

andsubsequentgrowthwasvegetative.Similarly,juvenilemangoplantshavethe

abilitytofloweraftergraftingtoamatureplantsolongasthejuvenileplantis

defoliatedandtheadultplanthasleaves(Singh,1959),indicatingsignalsfrom the

leavesoftheadultplantpromotefloweringandcanovercomejuvenility,whileleaves

from juvenileplantsinhibitflowering.Inseparatestudies,whenbrancheswere

girdledanddecapitated,thegrowthfrom axillarybudswasfloralifleaveswere

allowedtoremainontheplantformorethan4dunderinductiveconditions(Reece

etal.,1946,1949).Floralinitiationwilloccurinthepresenceofevenafractionofa

matureleaf,buttheproportionofstemsinitiatingreproductive,asopposed to

vegetative,growthdecreaseswithincreasingdistancefrom theleaves,andasthe

numberofleavesdecreases(Davenportetal.,2006).From theseobservations,there

seemstobeafloralstimulusinmangothatistransient,grafttransmissible,and

generatedbytheleaves.Vegetativegrowthinmangoisthroughepisodicflushing,

whichismorefrequentastemperatureincreases(Whileyetal.,1989).Episodicor

recurrentflushing,commoninsubtropicalandtropicaltrees,iswhereapicalor

axillarybudsarereleasedandthenewshootsexpandcontinuouslythroughseveral

nodesandthenmature.Afteraperiodofdormancy,thecyclebeginsagainwith

furtherbudrelease.Thetimingofflushdevelopmentisimportantforsuccessful

floweringbecausebudrelease,forvegetativeorreproductivegrowth,canonlyoccur

from matureflush(Nunez-EliseaandDavenport,1995).Inaddition,budsappearto

bereceptivetothefloralstimulusforonlyasmallportionoftheflushdevelopment



cycle, because floral induction seems to require inductive temperatures

approximatelytocoincidewithbudrelease.Recentlyemergedbudsonplantsof

cultivar‘Irwin’,growinginwarm,non-inductiveconditionsinitiatedflowerpanicles

whentheyweremovedtoflorallyinductiveambientwinterconditions,solongasthe

budswerelessthanapproximately10mm inlength(BattenandMcConchie,1995).

Treatmentssuchaspruningthatmanipulatethetimingofflushdevelopmentand

synchronizecanopyflushinghavebeensuccessfulinincreasingfloweringintensity

(Yeshitela,2005).Undertropicalconditions,inwhichcoldinductivetemperatures

maybebrief,erraticornon-existentinsomeseasons,itisunclearwhatexactlyleads

tofloralinitiation;however,somefactorsimprovethelikelihoodofflowering.First,

somecultivarsflowermorereliablythanothers(Pandey,1989)andwillflowerat

highertemperatures.Forexample‘Florigon’wastheonlycultivartofloweratthe

highertemperaturetreatmentof20/15C oftencultivarstestedbyWhileyetal.

(1989).Second,treatmentswhichreducevegetativevigoursuchaspaclobutrazol

(GAbiosynthesisinhibitor),andmanipulatethetimingofflushdevelopment,suchas

waterstress(Davenport,2003),mayhelpiftheyservetofocusbudreleasearound

thetimeofinductivetemperatures,althoughthisrequirestesting.Waterstressmay

be used only indirectly to promote flowering,as described below forlychee.

Experimentally,waterstresspersehasnotbeenshowntoinducefloweringor

decreasethecoldrequirementofmango(Chaikiattiyosetal.,1994;Nunez-Eliseaand

Davenport,1994).Third,potassium nitrateisthoughttoinduceflowering(Bondad

andApostol,1979),butseemstobeineffectiveinmanyenvironments(Davenport

andNunezElisea,1997).Thereissomecorrelativeevidenceforregulationoffloral

initiationinmangobyplantgrowthregulators(PGRs),GA inparticular.Evidence

comesfrom measurementsofendogenousGA,theeffectsofexogenousGA,and



theeffectsofGAbiosynthesisinhibitors.TheconcentrationofGAinterminalstems

ofcultivar‘KhiewSawoey’decreasedduringthe16weeksbeforepanicleemergence

intreesthatsubsequentlyflowered,andincreasedoverthesameperiodinterminal

stemsoftreesthatremainedvegetative(Tongumpaietal.,1991).Thisraisesthe

possibilityofadirectinhibitoryroleofGA inmangofloralinitiation.Exogenous

applicationssuggestthatGAmayindirectlyregulatemangofloweringbydelaying

budrelease,becauseappliedGAdelaysbudreleaseanddoesnotinhibitfloweringso

longasbudreleaseoccursunderflorallyinductiveconditions(Nunez-Eliseaand

Davenport,1998).GAbiosynthesisinhibitorssuchaspaclobutrazol(Rademacher,

1995)bothhastenandincreasethefloweringintensityofmango(Kulkarni,1988a;

Blaikie etal.,2004)and also reduce vegetative vigour(Winston,1992).So

paclobutrazolmaydirectlypromoteflowering,oractindirectlybyincreasingthe

likelihoodofbudreleaseduringfloralinductiveconditions.Therefore,GAmayinhibit

floralinitiationendogenouslyormayactindirectlybyinfluencingthetimingofbud

release.Insummary,theonlyfactorshownexperimentallytoinducefloweringin

mangoistemperaturebelow 15–20C,withflorallyinductivetemperaturesvarying

betweencultivars.Floralinitiationisaffectedbythecycleofflushdevelopment,and

thetimingandintensityoffloweringcanbemanipulatedbyexogenousapplications

ofPGRs.TheevidencefortheinternalregulationoffloralinitiationbyGAisnot

conclusive.

Casestudy2:floralinitiationinapple

Appleisatemperate,deciduoustreegrowncommerciallyfrom thetropicstohigh

latitudetemperateregions(Lakso,1994).Applehasalongjuvenilephasewhichcan

begreaterthansixyears;however,graftingontodwarfingrootstockscanreducethe

juvenilephase(Kotodaetal.,2006).Springbloom inappleispartofthecycleof



reproductivedevelopmentthatbeginswithfloralinitiationintheprecedingsummer

(Abbott,1970).Theprocessisnotcontinuous,butbrokenbytheperiodofrest

associatedwiththewintermonths,duringwhichnodevelopmentoccurs.Theapple

inflorescenceisadeterminateracemewhichoftenhasfiveflowers(Westwood,

1978).Apple isan autonomousflowering plant,asare manyothertemperate

deciduoustreecrops.Appleflowersareborneontwotypesofshoots,spursand

longshoots(Fig.3).Thespurisashortshootinwhichextensiongrowthislimitedto

theproductionofarosettewithfew leaves(Abbott,1970).Theaxisofthespuris

calledthe‘bourse’whichcancontinuetoproduceshortshootsfrom theaxillarybuds

inthefollowingseasons(Luckwill,1970).Longshootsaretheextensionshootsof

thecurrentseason’sgrowth,and,particularlyinnew cultivars,canproduceflowers

from both terminaland axillarybuds (Tromp,2000).Meristems ofdeveloping

vegetativebudsincludeseveralappendages:budscales,bracts,transitionleaves,

andtrueleaves.Thevegetativebudsmustbefullydevelopedforthetransitionto

floralbudstooccur(BubanandFaust,1982).Theappendagesbegindeveloping

whengrowthresumesinspring.Acriticalappendage(node)numberinvegetative

budswassuggested byFulford (1965,1966a)and reported as16 for‘Golden

Delicious’(LuckwillandSilva,1979).Attainmentofthecriticalnodenumberappears

tobetheprerequisiteforabudtomakethetransitionfrom vegetativetofloral;no

compellingreasoncanbecitedbutthereisexperimentalevidencesupportingthis

criticalnoderequirement(LuckwillandSilva,1979;HirstandFerree,1995;McArtney

etal.,2001;Bertelsenetal.,2002).Therateofnodedevelopmentneedstobefast

enoughtoensurethecriticalnodenumberisreachedbeforetheendofthegrowing

season;thisismostimportantathighlatitudeswithshortgrowingseasons(Faust,

1989).Thefirstsignoftransitionfrom vegetativetoreproductivegrowthisdoming



oftheapicalmeristem which,inspurs,mayoccurapproximately50dafterfull

bloom (Kotodaetal.,2000;Fosteretal.,2003).Lateralfloralmeristemsandbracts

thendevelopuntiltheterminalandlateralflowershaveinitiatedsepals(Fosteretal.,

2003),thisdifferentiationmaycontinuethroughouttheautumnuntiltheonsetof

winterdormancy(Sungetal.,2000).Theflowersarecompletedafterthereleaseof

dormancybetween bud burstand anthesis (Sung etal.,2000).Environmental

conditionsexertsomecontroloverfloralinitiationinapple.Heatunitaccumulation

could notconsistentlyaccountforthetiming offloralinitiation in‘RoyalGala’

(McArtneyetal.,2001),butthetemperatureduringthegrowingseasoncanaffect

theintensityoffloralinitiationanditmaybethattemperatureswhichinducehigh

vegetativevigourreducefloralinitiation(Tromp,1976,1980).Low irradiancehas

beenshowntoinhibitfloralinitiationonspurs.Floweringonspurswasnotaffected

atupto30%shadingbutwastotallyinhibitedwhenshadingincreasedto70%ofthe

availablelightincultivar‘McIntosh’(Cain,1971).

Manycultivarsofapplehaveatendencyto bearalternately.Heavyfruitloads

accentuatebiennialbearingbyreducingflowerproduction(Luckwill,1970).Early

workalsodemonstratedthatreducingfruitloadcouldincreaseflowerproduction

andthattheeffectwasreducedthelongerfruitremovalwasdelayed(Harleyetal.,

1942).Onindividualspurs,increasedbourseshootlengthandincreasedleafarea

werefound to increaseflowering (Neilsen and Dennis,2000),whiledefoliation

(RamirezandHoad,1981)andthepresenceoffruitdiminishedflowering(Fulford,

1966b).Thereisevidencethattheinhibitoryeffectoffruitloadonfloweringisdueto

GAexportfrom theseeds.Luckwill(1970)notedhighlevelsofGAinappleseeds

duringembryogrowthfrom approximately5weekstoamaximum at9weeksafter

fullbloom.Theinhibitoryeffectofseedsonflowerproductionwasdemonstratedby



experiments using the cultivar‘SpencerSeedless’thatcan be manipulated to

produceseedlessorseededfruit;seededfruitinhibitedflowerproductiononspurs

whileseedlessfruitdidnot(ChanandCain,1967;NeilsenandDennis,2000).GA

inhibitfloralinitiationinapple(Tromp,1982;McLaughlinandGreene,1984;Bertelsen

etal.,2002).GAmayactbyreducingtherateofnodedevelopment;GAapplicationin

‘PacificRose’reducedbudappendageproduction,budsize,andbothdelayedand

reducedthetransitionofbudsfrom vegetativetofloral(Bertelsenetal.,2002).While

GAinhibitflowering,cytokinincanpromotefloweringwhenappliedsoonafterfull

bloom (McLaughlinandGreene,1984).Cytokininapplicationaszeatinincreased

floweringonspursandreplacedtheneedforleavesinfloralinitiationondefoliated

spurs(RamirezandHoad,1981).Otherplantgrowthregulatorsalsoaffectfloral

initiationinapple.Forexample,daminozideincreasesflowerbudformation(Ramirez

andHoad,1981;McLaughlinandGreene,1984),andhasbeenreportedtoboth

decrease GA tissue concentrations (Hoad and Monselise,1976)and increase

cytokinin tissue content(Ramirez and Hoad,1981).Ammonia increased floral

initiationandstem argininecontentwhenappliedasafourmM ammonium sulphate

nutrientsolution(Rohozinskietal.,1986).Orthologuesoffloralmeristem identity

genesandMADSdomaingenesofArabidopsishavebeenidentifiedinapple.Two

orthologuesofLEAFYnamedAFL1andAFL2wereisolatedfrom cultivar‘Jonathan’

andweresubsequentlyshowntohastenfloweringintransformedArabidopsisplants

(Wadaetal.,2002).Further,expressionofAFL1intheapplemeristem beganwhen

phenotypictransitionofbudsfrom vegetativetofloralwasobserved.Twomembers

oftheMADSdomaingenefamily,similartoAGL2andAGL4from Arabidopsis,have

beenisolatedincultivar‘Fuji’.Bothwereexpressedintheearlystagesofflower

developmentandonewasexpressedduringthelaterstages(afterdormancy)(Sung



etal.,2000).TheapplegeneMdTFL1delayedfloweringintransformedArabidopsis

plants(KotodaandWada,2005),andtransformed‘Orin’appleplantsexpressing

antisense MdTFL1 RNA flowered as little as 8 months aftertransferto the

greenhouse,comparedwiththenontransformedcontrolplantsthatdidnotflowerin

6years,indicatingthatMdTFL1hasaroleinmaintainingthejuvenilephaseinapple

(Kotodaetal..2006).SomeoftheearlyfloweringtransgenicMdTFL1antisense

expressingplantshadcontinuousfloweringhabitsandalteredbrancharchitecture

duetovaryingflowerpositions,indicatingadditionalrolesofMdTFL1inthetiming

andlocationoffloralinitiation.Upstream regulationoftheseapplefloweringgenes

bytheenvironmentorendogenoussignalsisnotunderstood.Researchinvestigating

floralinitiationinappleimplicatesseasonaldevelopmentalprocessesandhormonal

relationshipsasthemajorfactorsdrivingfloralinitiationasopposedtospecific

environmentalstimuli.

Othertreecrops

EnvironmentalcontroloffloralinitiationA rangeofsubtropicalandtropicaltree

speciescanbeinducedtoflowerbyexposuretolow temperature:mango,lychee

(Menzeland Simpson,1995),macadamia (Macadamia integrifolia Maiden and

Betche)(Nakata,1976),avocado(PerseaamericanaMill.)(ButtroseandAlexander,

1978)andorange(CitrussinensisL.)(Moss,1976).Olive(OleaeuropaeaL.),an

evergreentreegenerallygrowninMediterraneanenvironments,canalsobeinduced

toflowerundercoolconditions(HackettandHartmann,1964).Onemajordifference

between cooltemperature induction in subtropicaland tropicaltrees,and

vernalizationinherbaceousspecies,isthetemperaturerequired:subtropicaland

tropicaltreesoftenrequiretemperaturesaround15–20Cwhereasvernalizationin

herbaceousspeciesrequirestemperaturesbetween–1Cand10C.Withrespectto



temperate deciduous species,high temperatures (up to 30 C) increased

inflorescenceproductioningrapevine,VitisviniferaL.,whiletemperaturesof21C

andbelowincreasedtendrilproduction(Buttrose,1970),butforsouthernhighbush

blueberry(Vaccinium corymbosum L.),28Cinhibitedfloralinductioncomparedwith

21C(Spannetal.,2004).Thereforecooltemperaturesinducefloweringinseveral

tropicaland subtropicalhorticulturaltrees.In temperatedeciduoushorticultural

trees,temperaturecanaffecttheintensityoffloralinitiation,butitisnotclearif

temperatureprovidesaninductivestimulus.Thesiteofperceptionofcoolflorally

inductive temperatures has notbeen extensively investigated.In mango,cool

temperaturesmaybesensedintheleavesbecausematureleavesappeartobethe

sourceofanessentialfloralstimulus(describedaboveinthemangocasestudy).

Lycheemaybesimilargiventhatmatureleavesalsoappearnecessaryforfloral

initiation (Menzeletal.,2000;Ying and Davenport,2004).Howeverhigh root

temperaturescaninhibitfloralinitiationinlycheeevenwhenshootsareexposedto

florallyinductivetemperatures(O’Hare,2004),implicatingeitherperceptionbythe

rootsandlong-distancesignallingorheattransferviathetranspirationalstream.In

citrus,incontrast,leavesarenotnecessaryforfloralinitiationincoolinductive

temperatures(Davenport,2000)orforfloralinductionviawaterstress(Southwick

andDavenport,1986),indicatingthatboththecoldtemperatureandwaterstress

stimulithatinducefloweringmaybeperceivedinthestem orbuds.Photoperiodic

induction,a common mechanism in herbaceous species,has rarely been

demonstratedintrees.Southernhighbushblueberryflowersinresponsetoshort

daysof8h,butnotunderlongdaysorshortdayswitha1hnightinterruption(Spann

etal.,2003);thisismostlikelyaresponsetophotoperiod.Inavocado,boththetime

tofloweringandfloralinitiationweredecreasedbyshortdaysof9hcomparedwith



15h(ButtroseandAlexander,1978),buttheseeffectsmayberelatedtodifferences

inphotosyntheticperiodanddailycarbonassimilationratherthantophotoperiod.

Lightintensityalsoinfluencesfloralinitiationinperennials;asdescribedforapple

above.Inkiwifruit,ActinidachinensisPlanch.,shadedshootsproducedfewerfloral

budsandfewerinflorescencespershootthanexposedshoots(GrantandRyugo,

1984).Inolive,bothhighandlow lightintensitytreatmentsreducedfloralinitiation

(StutteandMartin,1986).Similarlyintheornamentaltree,Metrosiderosexcelsa

Soland.exGaertn.,thegreatestfloweringintensityoccurredatintermediatelight

intensities(Henriodetal.,2003).Althoughvariationsinlightintensitycanaffect

floralinitiationquantitatively,itismostlikelynotaninductivestimulusinthesecases

butasecondaryfactorperhapsrelatedtoassimilateproductionanditseffectson

growth.Waterstresshasbeendemonstratedtoinducefloweringexperimentallyin

twocitrushorticulturaltreespecies.Tahitianlimes,CitruslatifoliaTan.,floweredon

resumptionofdailyirrigationafterbothcyclicandconstantwaterstressforaslittle

as2weeks(SouthwickandDavenport,1986).WhenthesameTahitianlimeplants

hadcompletedavegetativeflush2monthslater,waterstressandsubsequent

resumption ofadequate watering resulted in floralinitiation again.Rewatering

followingwaterstressalsocausedfloralinitiationinlemon,Citruslimon(L.)Burm.f.,

butnotinlychee,mangooravocado(Chaikiattiyosetal.,1994).Itisnotclearifthe

inductivestimulusisprovidedbytheperiodofwaterstressorthesubsequent

watering.Waterstresscanalsoactindirectlytopromotefloralinitiationbychecking

vegetativeflushing,asdemonstratedforlychee(Sternetal.,1998).

VegetativegrowthandfloralinitiationHorticulturaltreespeciesvarybothinthe

typesofshootsthatproduceflowersandwhereontheseshootstheflowersare

borne.Thelocationoftheflowersandthetimingoffloralinitiationinfluencehow



flowering and vegetative growth interact.Severalsubtropicalspecies,including

lychee,tendtoproduceinflorescencesfrom terminalbuds;others,suchasavocado,

from bothterminalandaxillarybuds;andstillothers,likemacadamia,Macadamia

integrifoliaMaidenandBetche,M.tetraphyllaJohnson,andhybrids,from axillary

buds.Similartoapple,severalothertemperatedeciduousspecies,suchaspear,

PyruscommunisL.(Faust1989),andsweetcherry,Prunusavium L.(Websterand

Shepherd,1984),initiateflowersonspecializedspurstructuresaswellasoncurrent

season’sgrowth.Ontheotherhand,peach,PrunuspersicaL.Batsch(Dorsey,1935),

andapricot,PrunusarmeniacaL.,(Jackson,1969),initiateflowersinlateralbudsof

the currentseason’s growth.In the subtropicaltrees lychee,avocado,and

macadamia,floweringisdependentonbudreleaseduringcoolflorallyinductive

temperatures(Olesen,2005).Thisislargelyregulatedbymaturityofthemostrecent

flush(discussedbelow),butthelikelihoodofbudreleaseandfloweringcanalsobe

affected bycharacteristics ofthe shoot,as formacadamia (JD Wilkie etal.,

unpublisheddata).Intemperatedeciduousspecies,however,thereleaseofpre-

existingfloralorvegetativebudsinthespringafterwinterdormancyisdependenton

satisfyingthechillingrequirements(RohdeandBhalerao,2007).

Vegetativegrowthinlycheeisthroughrecurrentflushing,withtheintervalbetween

successiveflushesdependentontheprevailingweatherconditions(Olesenetal.,

2002).Thereisonlyasmallpartofthiscyclewhenthenewshootsarereceptiveto

floralinduction,thatbeingaroundthetimeofearlyflushdevelopmentwhenthe

expandingbudsarenomorethanafewmillimetresinlength(BattenandMcConchie,

1995).Therefore,vegetativeshootsthatarenotmaturebylateautumnoftendonot

flower,becausethecyclicnatureofflushdevelopmentmeanstheywillinitiatenew

growthonlyaftercoolflorallyinductivewinterconditionshavepassed.Macadamiais



similarexceptthatthecycleofflushdevelopmentgenerallyaffectstheflowering

behaviourofmatureshootsatadistancefrom themostrecentapicalflushinstead

ofthefloweringbehaviourofthemostrecentapicalflushitself(Olesen,2005).

Avocadoisalsosimilar,andintermediatetolycheeandmacadamiainitsflowering

behaviour(Olesen,2005).The timing ofvegetative growth also affects floral

initiationinsometemperatedeciduoustreecrops,wherefloralinitiationoccursin

thegrowingseasonbeforeanthesis.Ingrapevine,theundifferentiatedprimordia

havethepotentialtoproduceinflorescencesortendrilsdependingontheirlocation

andclimaticconditions;inflorescencestendtobeformedindevelopinglatentbuds

andtendrilsingrowingshoots(Bossetal.,2003).Floralinitiationinpeachisalso

relianton,butnotinhibitedby,vegetativegrowth;floralinitiationoccursinbudsof

thecurrentseason’sgrowthandbeginswhenthebudsareapproximatelyfournodes

backfrom thegrowingtip(Dorsey,1935).Excessivevegetativegrowthhasoften

beencitedasbeingantagonistictoflowerbudinitiationinappleandsomeother

temperate fruittrees (Luckwill,1974;Faust,1989;Forsheyand Elfving,1989).

Consistentwiththis,dwarfingrootstocksincreaseearlyfloweringofapple(Luckwill,

1974);growthretardantssuchasdaminozidecanincreaseflowerbudinitiationof

apple(McLaughlinandGreene,1984);andforsweetcherry,asregrowthinresponse

to pruning increases,floralinitiation decreases(Guimond and Andrews,1998).

However,treatmentsthatincreasevigourdonotalwaysdecreasefloralinitiation;

greatershootgrowthduetoincreasingtemperatures(20Ccomparedto13C)during

thegrowingseasonalsoincreasedflowerbudinitiationofapple(Zhuetal.,1997).

Theseinconsistenciesmaybeduetoeffectsofthetreatmentsthatareindependent

ofvigour,forexample,dwarfingrootstocksmayinduceearlyfloweringindependent

oftheireffectonvegetativegrowth;orhightemperatureduringthegrowingseason



maypromotefloweringindependentlyofvegetativegrowth.

TheroleofplantgrowthregulatorsTheliteratureontheroleofGA inthefloral

initiationofwoodyperennialsisvastandinconsistent.However,thereisevidenceto

suggestthatendogenousGAcaninhibitfloralinitiationandthatGAcanalsoinhibit

floralinitiationthrougheffectsonshootgrowth,asdiscussedformangoabove.For

example,appliedGAinhibitsfloralinitiationinavocado(Salazar-GarciaandLovatt,

1998),citrus(LordandEckard,1987),sweetcherry(Lenahanetal.,2006),andpeach

(Garcia-Pallasand Blanco,2001);reduced levelsofendogenousGA havebeen

correlatedwithfloralinitiationincitrus(Koshitaetal.,1999),lychee(Chen,1990);

andGAbiosynthesisinhibitorshaveimprovedfloweringinmango(Winston,1992),

andlychee(MenzelandSimpson,1990),andmacadamia(Nagaoetal.,1999).Floral

initiationingrapevineoccursinuncommittedprimordiaofdevelopinglatentbuds

destinedfordormancyandsubsequentreleaseinthefollowingspring(Srinivasan

and Mullins,1980).The uncommitted primordia have the potentialto produce

tendrilsaswellasinflorescences,buttendrilstend to beproduced onlywhen

uncommittedprimordiainitiategrowthinthesameseasoninwhichtheywere

produced,thatis,withoutundergoingwinterdormancy(Bossetal.,2003).However,

inadwarf,GA-insensitivemutantofgrapevine,onlyinflorescencesandnotendrils

wereproducedfrom uncommittedprimordiaoftheexpandingshoots(Bossand

Thomas,2002).ThusendogenousGAappeartoinhibitfloralinitiationingrapevine.

GAapplicationsincitrusthatinhibitfloweringreducethenumberofbudsthatare

releasedinspringbutnottheproportionofbudsthatproducefloralshoots(Garcia-

Luisetal.,1986).Thustheeffectseemstobeonshootgrowthratherthanfloral

initiation.AppliedGAalsoaffectsshootgrowthinapplebyreducingtherateofnode

development,lesseningthechancesofthebudsreachingthecriticalappendage



number(Bertelsenetal.,2002).Thepresenceoffruitinhibitsfloralinitiationin

severalspeciesincludingthepomefruits(Weinbaum etal.,2001)andcitrus(Garcia-

Luisetal.,1986).Largecropscanleadtopoorfloralinitiationinthefollowingyear

andinduceacycleofbiennialbearing.GAexportedfrom theseedsofpomefruits

(ChanandCain,1967)andsomepartofcitrusfruittothebuds(Garcia-Luisetal.,

1986)isthoughttobeinvolvedintheinhibition.Cytokininsmayalsobeinvolvedin

floralinitiation.Endogenouscytokininlevelsinbudsoflycheeincreaseattheonset

offlorallyinitiationanddifferentiation,andexogenousapplicationsincreasefloral

initiation(Chen,1991),althoughthereisnoevidencethatcytokininscanreplacethe

florallyinductivestimulus.Applicationofthegrowthretardantmaleichydrazideto

‘Japanesepear’,PyruspyrifoliaNakai,increasedbothendogenouscytokininlevels

andfloralinitiation(Ito etal.,2001).Ethylenehaslongbeenused to promote

floweringcommerciallyinpineapple(Ananascomosus(L.)Merr.)(Turnbulletal.,

1999);therearealsoindicationsthatitpromotesfloweringinapple(Bukovacetal.,

2006).MorecomprehensiveaccountsontherolePGRsinfloralinitiationofseveral

horticulturaltreesareavailable,includingapple(BubanandFaust,1982;Dennisand

Neilsen,1999),mango(DavenportandNunez-Elisea,1997),andcitrus(Davenport,

1990).

TheroleofcarbohydratesCarbohydrateshavetworolesinplantdevelopment,inthe

generalprovisionofenergyandcarbonskeletonsforgrowthandintheregulationof

metabolism.The challenge forresearch into floralinitiation is in designing

experimentsthatseparateouttheseroles.IntheLD floweringperennialshrub

FuchsiahybridaHort.exSieb.&Voss,floralinductioncanoccurinthepresenceof

longdaysorhighirradianceshortdays(KingandBen-Tal,2001).Theextentoffloral

initiation underhigh irradiance SD conditions is correlated with the sucrose



concentrationattheapex,andundertheseconditionssucrosemaybeactingasa

florigen.ThisisnotsoforLDinductionbecausethesucroseconcentrationdidnot

increaseattheapexwiththeincreaseindaylength(KingandBen-Tal,2001).Asa

perennialshrub,F.hybridaissomewhatremovedfrom horticulturaltreesbutdoes

demonstrate a potentialdirecteffectofcarbohydrates in floralsignalling in a

perennialspecies.Theneedforcarbohydratesforfloralinitiationhasoftenbeen

investigatedbymeasuringlevelsofstoredcarbohydrates,orimposingtreatments

suchasgirdlingthatmodifythelevelsofstoredcarbohydrates,andcorrelatingthese

withfloweringintensity.Theresultshavebeenmixed.Girdlingincreasedflowering

intensityinolive(Laveeetal.,1983),lychee(MenzelandSimpson,1987),andcitrus

(Goldschmidtetal.,1985)indicatingincreasedstoredcarbohydratescanincrease

floralinitiation,becausegirdlinghasbeenreportedtoincreaselevelsofstored

carbohydratesinsomehorticulturaltrees(Goldschmidtetal.,1985;Menzeletal.,

1995).Further,astudyofstoredcarbohydratesinbiennialbearingcitrusfoundthat

highandlowlevelsofstoredcarbohydratescorrespondedwithhighandlowlevels

offloralinitiation,respectively(GoldschmidtandGolomb,1982).However,other

experimentswithcitrushaverevealedcomplexinteractionsbetweencoolinductive

temperatures,PGRs,fruitload,andgirdlingtreatmentsonthefloweringintensity

(Goldschmidtetal.,1985).Inolive,bothhighandlow lightintensitytreatments,in

whichhighandlow levelsofstoredcarbohydrateweremeasured,respectively,

resulted in decreased flowering relative to the control,and the effects of

carbohydratewereminorcompared with theinhibition offlowering dueto the

presenceoffruit(StutteandMartin,1986).Itisunclearwhetherincreasedflowering

intensity in treatments thatalso increase the availability ofcarbohydrates in

horticulturaltreesisduetotheactionofcarbohydratesasafloralstimulusoran



energysource.

FloweringgenesinhorticulturaltreesOrthologuesofArabidopsisfloweringgenes

havebeenidentifiedinseveraltreespecies.Studiestodeterminethefunctionof

these genes generally involve correlation of gene expression with floral

initiation/developmentortransgenic studies,where flowering genes from the

perennialspeciesareinsertedintoarelatedperennialspeciesorArabidopsis.In

general,perennialfloweringgeneorthologueshavebeenshowntofunctionakinto

theirArabidopsisnamesakes.Forexample,SatsumamandarinFTorthologuemRNA

levelsincreasedwiththeseasonalonsetofcooltemperaturesduringthetimeof

floralinduction(Nishikawaetal.,2007);thereisevidencethatLEAFYorthologues

isolatedfrom sweetorange(Pillitterietal.,2004b)andgrapevine(Bossetal.,2006)

actasfloralpromoters;andevidencethatTFL1orthologuesisolatedfrom citrus

(Pillitterietal.,2004a)andgrapevine(Bossetal.,2006)actasfloralinhibitors.There

isnow someunderstandingofhow theexpressionoffloweringgenesintegrates

withtheenvironmentandfloweringtimeinhorticulturaltrees.Inthetemperate

deciduoustreepoplar,Populussp.,FTorthologueexpressionincreasedinlongdays

and appeared to beatleastpartlyinfluenced bythetiming ofCO orthologue

transcription; additionally, FT orthologue expression varied seasonally and

correspondedtothetimingoffloralinitiationinlongdays,whileexpressionofanFT

orthologue in young transformed poplarplants removed the juvenile phase

(Bohleniusetal.,2006).InSatsumamandarin,FTorthologuemRNAlevelsincreased

withthetimespentunderflorallyinductiveconditions(Nishikawaetal.,2007).In

sweetorange,LFYandAP1orthologueRNAlevelsincreasedduringandafterflorally

inductivecooltemperatureswhileRNAoftheTFLorthologuewasabsent(Pillitteriet

al.,2004a).Intransgenichybridcitrus,CitrussinensisL.Osbeck3Poncitrustrifoliata



L.Raf.,over-expression ofLFY and AP1 orthologuessubstantiallyreduced the

juvenilephase,butfloweringstillappearedtobeunderbothenvironmentaland

endogenouscontrolbecauseitoccurredonlyonceayearinthespring(Penaetal.,

2001).

CONCLUSIONS

Sofar,theliteratureonfloralinitiationinherbaceousplantshasbeenreviewed,in

particularArabidopsis,thenmango,apple,andhorticulturaltreesingeneral.Itis

apparentthatfloralinitiationintreesiscontrolledbyarangeoffactorswhichmay

include environmentalstimuli,developmentalcues,and otherinteractions with

vegetativegrowthand PGRs.Itisalso apparentthatrarelycanonefactorbe

considered in isolation.Annualplants,such as Arabidopsis,mayhave several

pathwaystofloweringwhichincludeinductioninresponsetoenvironmentalstimuli

orautonomousinitiation.Horticulturaltreesgenerallyinitiateflowersinresponseto

eitheranenvironmentalstimulusorautonomously.Thereissomeevidencethatthe

mechanismsthroughwhichenvironmentalstimuliactaresimilarbetweenannual

plantsandhorticulturaltrees.Forexample,therolesofCOandFTinArabidopsis

appeartobesimilartothoseoforthologuesinpoplar(Bohleniusetal.,2006)andthe

roleofTFL1inArabidopsisappearsto besimilarto thatoftheorthologuein

grapevine(Bossetal.,2006).However,theremayalsobedifferences.Vernalization

actsonthemeristem andleavesinArabidopsistosuppressfloralrepressors,butin

mangocooltemperaturesaresensedinthematureleaveswhichthengeneratea

signalthatis exported to the meristem to promote flowering.Thusthe floral

response to cooltemperatures in mango appears to be more analogous to

photoperiodicinductioninArabidopsis,ortotheeffectsofambienttemperatureon



genesoftheautonomousfloweringpathway(Blazquezetal.,2003).Twomajor

differencesexistbetweentropicalandtemperatedeciduoushorticulturaltreeswith

respecttofloralinitiation.First,tropicalspeciessuchasmangoinitiateflowersin

responsetoanenvironmentalstimulus,whiletemperatedeciduousspecies,suchas

apple,initiate flowersautonomously.Second,temperate deciduoushorticultural

treesundergoaperiodofdormancybetweenfloralinitiationandanthesis,whilein

tropicalspecies,including mango,floraldevelopmentiscontinuousfrom floral

inductiontoanthesis.Notwithstandingthesedifferences,thepurposeisthesame,

flowering underenvironmentalconditions suitable forsuccessfulreproduction.

Tropicalspeciessuchasmangoandlycheeoftenuseapredictableenvironmental

stimulus,coolwintertemperatures,to induce flowering.Temperate deciduous

speciesinitiateflowersduringthegrowingseasonbutinitiategrowthinthefollowing

springonlyafterthechillingrequirementsofwinterdormancyhavebeensatisfied

andtemperaturesaresuitableforgrowth.Researchintreesisexpensive,slow,and

hasoftenbeenfocusedonlimitstoproductioninhorticulturalspecies.Recent

advancesintheunderstandingofthegeneticcontroloffloralinitiationinherbaceous

plantssuchasArabidopsishaveprovidedaplatform from whichtreescanbe

studied.
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