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A_Comprehensive_Review on_Role_of Plant_Tissue Culture_in_.Ornamental

Crops:_Cultivation_Factors, Applications_and_Future Aspects.

Abstract

Ornamental_plants_are_grown_largely for their_artistic_value, floriculturists_must _prioritize_the
proliferation_and_improvement_of quality traits,_as_well_as_the_production_of_unique_diversity.
Micropropagation,_clonal_reliability_and_conservation_are_all_crucial_factors_to_consider.
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preservation._Many_ factors_influence_ornamental_plant_ tissue_ culture,_including_ plant
genotype,_explantexplants type, and_the_physical_environment_(light,_temperature,_humidity,
and_CO02),_in_addition_to_medium_composition_and_growth_regulators._We_compiled_and
reviewed_an everalloverall update on_cultivation_factors, application_procedures_in_ornamental
plant_tissue_culture, in_vitro_plant enhancement approaches and_future_prospects_in_this study. ( Formatted: Font: Italic
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Introduction

In_general,_the_phrase_"ornamental_plant”_or_"ornamental”_refers_to_plants_that_are
grown_primarily_for_their_aesthetically_pleasant_traits_such_as_shape,_bark,_leaves,_flowers,
fruit,_or_any_combination._Globally, the feasible output_of decorative_plants_is_expanding[1].
The_ornamental_and_floriculture_sector_in_the_United_Kingdom_is_projected_to_be_worth
£2.1billionin_2005,_with_overseas_commerce_of £60-75billion._Its_economic_worth_has_sky
rocketed_over_the_previous_two_decades, and_there_is_a strong_likelihood_of further_expansion
in_both_the_local_and_international_markets[2]. Tissue_culture_system_in_ornamental_flowers_like
roses_has_been_established[3,4,5,6].Recently,_in_jin_vitro_flower_induction_in_roses_was
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demonstrated[7,8]. Tissue_culture_techniques_are_used_for_microprepagationmicro propagation

and_the_generation_of_pathogen-free_plants_[9]._Plant_tissue_culture_has_emerged_as_a
promising_method,_forming_the_base_of_plant_biotechnology. Growers_want_high-quality
planting_material_to_increase_production._The_effectiveness_of the_clonal_propagation_method
is_dependent__on___ a variety of parameters,_including_genotype, medium,_plant_growth
regulators, and_explantexplants type,_all_of which_should_be_experiential_during_the_process
[10]._Naphthalene Aacetic aAcid_(NAA) and_benzylaAdenine_(BA)_are_the most eftenutilized
growth_regulators_for_ornamental_plant_micropropagation_via_organogenesis,_embryogenesis,
and_axillary_proliferation._The_high_frequency_of_direct_embryogenesis_has_been_studied_in
thin_layer_cultures_of hybrid_seed_geranium_ (Pelargonium).[11]._Plants_raised_through
micropropagation_are_of_uniform_quality,_pathogen_free,_and_can_be_produced_much_more
quickly,_with_new_ cultivars_becoming_commercially_available_within_2_to_3_years_of
development_rather_than_the 5 to_10 years_required_for_conventional_propagation._They also
produce_uniformly_superior_seeds_and_have_improved_vigor_and_quality._Propagation_via
meristem_has_been_identified_as_a_mechanism_of _rapid_regeneration_in_Caladium_and_the
plants_produced_through_this_technology_have_a_high_export_potential_because_they_can_be
shipped_internationally with_few _quarantine_restrictions_and_have the potential_to develop_new
cultivarsefcultivars of the_species._Several_studies_have_been_conducted_in_recent_years_in
order_to_produce_semi-automatic_systems_that_exploit_the_principle_of_development_in
temporary_immersion_with_the_goal_of avoiding_tissue_hyperhydricity._Some_systems_of
tTemporary_limmersion_(TIS)_have_been_employed_on_tropical_plants_[12,_13]_and_fruit

treesftrees [14].

1. Application_of InVitroTechniques_in.Ornamentals
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Planttissuecultureiswidelyknownforitsabilitytoproducedisease-
freeplantletsthroughclonalreplication.Invitrocultivationprovidesseveralopportunitiesformodify
ingplantmaterialstoincreasetheirquality. Forhybridization,invitroproceduresincludingasmicropr

opagation,embryorescueandsomatichybridizationareutilized.
1.1.PlantimprovementbytheApplicationofInVitroEmbryoRescue

Developingaviableplantfromanembryoisreferredtoasembryocultureorembryorescue(Fi
gurel).HannigpioneeredtheembryoculturetechniquebygrowingmatureembryosofafewBrassica
ceaeplantsonsugar-

supplementedsaltmedia[15].Dietrichrevealedin1924thatbothmatureandimmatureembryosmay



besaved.[16].I1n1925,thefirstinterspecifichybridizationwasdescribedintheperennialflax(Linump
erenneL.xLinumaustriacumL.)throughembryorescuefromnonviableseeds[17].Sinceitsdiscover
y,embryorescuehasbeenemployedforinterspecifichybridizationinawiderangeofcrops,includingf

loral,decorative,medicinal,andwoodyplants[18,19].

detereds
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Figurel.Processofembryorescuefromimmature(ornon-viable)seedafterhybridization

Itallowsforthecultureoftheovary,ovule,andembryo[20,21]. Thesuccessofembryorescued
ependsonvariousfactors,suchassizeandageoftheembryo,intactnessofembryo,excisionprocedure
,sterilization,culturemedium,supplementationinculturemedium,light,temperature,etc. Ithasbeen
usedincropimprovementbyintraspecific/interspecific/intergenerichybriddevelopment,haploid/
doublehaploidproduction,overcomingembryoabortion,overcomingseeddormancy,overcomings
elfandcross-
incompatibility,shorteningthebreedingcycle,propagatingrareplants,etc.[22,23].Forexample,bre
edingcycleswereshortenedbyembryorescueinrose[24],andlily[25].Interspecifichybridsweredev
elopedinchrysanthemumsbyembryorescuetolerant[26,27],salt-
tolerant[28],aphidresistance[29],andheterotic[30,31]characteristics. Anewflowershapeandcold-
tolerantintraspecific(Campanulacarpatica‘White”)andinterspecific(C.mediumandC.formaneki
ana)hybrid,respectively,weredevelopedinbellflowers[32].Interspecifichybrids,haploids,ordoub
lehaploidsweredevelopedinrose[33],tulip[34],lisianthus[35],lily[36]andornamentalalliums[37,
38].Embryrescuehasbeenwidelystudiedforcropimprovement,whileitscurrentresearchhasbeenre

ducedbytherapidevolutionofadvancedmolecularbreeding.

Furthermore,embryorescueiscommonlyemployedtoovercomepost-
fertilizationbarriersinplants,althoughmanyornamentalshavepre-
fertilizationbarriersthatmaybeovercomebyin-

vitropollination.Plantreproductivecells(stigmaandanther)areseparatedandunitedundercontrolle



dcircumstancestoformazygoticembryowithin-vitropollination. Thein-
vitroapproachhasbeenusedforbloomingandpollinationinseveralornamentals[39,40].

1.2.PlantimprovementbySomaticHybridizationandInVitroPollination
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Figure2.lllustrationofsomatichybridorcybriddevelopmentthroughprotoplastfusion.Here,
NaNOj;;sodiumnitrate,Ca(NOg),;calciumnitrate,PA;polyvinylalcohol,DS;dextransulf
ate,polyethyleneglycol(PEG).

Somatichybridizationhasbeenshowntobeasignificantsourceofgeneticdiversity,alsoknow
nassomaclonalvariation.Manysomaclonesarethoughttobebetterhybrids. Thedonor-
recipientapproachandcytoplast-
protoplastfusionarethetwomostcommonstrategiesforproducingsomatichybrids.Incytoplast-

protoplastfusion,protoplastsareallowedtofuse
inordertocombinesomaticcellsfromvariouscultivars,species,orgenera(Figure2).

Somatichybridizationoccurswhenthenucleargenomeofoneparentiscombinedwiththemitoc
hondrialand/orchloroplastgenomeoftheotherparent. Thedonor-
recipientfusionapproach,whichtransfersparticulargenesorchromosomes, isanalternativeandbett
erwayofsomaticincompatibility[41,42].Fusogensarechemicalsthatareutilizedforprotoplastfusio
ns.Commonfusogensincludesodiumnitrate(NaNO3),calciumnitrate(CaNO3),dextransulfate,po

lyvinylalcohol,andpolyethyleneglycol[43].Somatichybridizationthroughprotoplastfusioncanpr



oducesymmetricorasymmetrichybrids,knownassomatichybridsorcybrids(Fig.2). Thefirstasym
metrichybridwasdiscoveredbysomatichybridizationofNicotianatabacum(tobacco)andPetroseli
umhortense(parsley)[44,45].Manywildplantspecieshaveimportantfeatures,includingdiseaseand
pathogenresistance,whichcanbetransmittedtocultivatedcropspecies.Somatichybridizationallow
sdesiredfeaturestobetransferredtoboostyield,resistance,tolerance,andsoon[46,47].1tenablesbree
derstogenerateuniquehybridsusinganasexualtechniqueratherthantraditionalbreeding(Figure2).

Somatichybridizationhasbeenappliedforthegeneticimprovementsofvariousfloweringan
dornamentals,suchasrose[48],Dendrobium[49],chrysanthemum[50],dianthus[51],gentin[52],ir
is[53]JandSaintpaulia[54].

Somaclonalvariantsorsomatichybridscanbeconfirmedbymorphological,biochemical,pr
oteinmarker,cytogenetic,andmolecularanalyses.Restrictionfragmentlengthpolymorphism(RFL
P),simplesequencerepeat(SSR),amplifiedfragmentlengthpolymorphism(AFLP),methylation-
sensitiveamplificationpolymorphism(MSAP),transposon-basedmarkersystems,andNext-
GenerationSequencing(NGS)havebeenappliedforthevalidationofsomatichybridsatthemolecula
rlevelinseveralornamentals.SomaclonalvariationishighlydependentonthePGRs[55]. Theproble
msinseparatingprotoplasts(mentionedinSection3.2),creatingunanticipatedanduselessvariations,
newlycreatedvariantsthatarenotoriginal,andsoonarethefundamentallimitsofsomatichybridizatio
n[56].

1.3.ProductionofSyntheticSeeds

Asyntheticseedorartificialseedisanyencapsulatedplanttissue,somaticembryos,orothermi
cropropagules(Figure3).Syntheticseedshaveseveraladvantagesovernaturalseeds,includingseas
on-independentseedproduction,geneticuniformity,maintaininghybridvigor,long-
termstoragecapacity,rapidmultiplication,freedomfromvegetativeandseed-
bornepathogens,high-volumelow-
costpropagation,ensuringqualityplantmaterialsandshorteninglifecycles.[57,58].Inornamentals,
somaticembryos,nodalsegments,andbranchtipsarecommonlyemployedasexplantsforthegenerat
ionofsyntheticseeds,althoughcallusisseldomusedandPLBsaremostlyusedinorchidstoproducesy
ntheticseeds.SyntheticseedshavebeengeneratedinCaladiumbicolor(caladium),Eustomagrandifl
orum(lishianthus),Pinuspatula(pine),Genistamonosperma(bridalbroom),Hyoscyamusmuticus(
Egyptianhenbane),andClitoriaternatea(bluepeaorbluebellvine)fromthesomaticembryo; Gypsop
hilapaniculata(gypsophila),Saintpauliaionantha(saintpaulia), Urgineaaltissima(tallwhitesquill

),andTaraxacumpieninicum(Mniszekpieninski)fromshoottip;Rosadamascenaf.trigintipetala(D



amaskrose),Syringavulgaris(lilac),Neriumoleander(oleander),Centellaasiatica(Asiaticpennyw
ort),Ecliptaalba(falsedaisy),Eryth-

rinavariegata(tiger ’sclaw),Photiniafraseri(redtipphotinia), Rutagraveolens(rue),Salixtetrasper
ma(Indianwillow)fromaxillarybuds/nodes,Anthuriumandreanum(anthurium)fromcallus, Lilium
longiflorum(easterlily)frombulb,anddifferentspeciesoforchidsfromPLBs(Cymbidiumgiganteu
m,Vandacoerulea,Geodorumdensiflorum,Coelogynebreviscapa,Cremastraappendiculata, Flick

ingerianodosa,Spathoglottisplicata,etc.)[57,58].

Invitrosyntheticseedsinornamentalsenableseason-independentseedsynthesis,long-
termstorage,andtimelysupplytogrowers.Concentrationsofsucrose,sodiumalginate(Na-
alginate),andcalciumchloride(CaCl2)arecriticalforthesynthesisofartificialseedsinornamentals.
Concentrationsof2-3%sucrose,2-3%Na-alginate,and50-

100mMCacCl2werediscoveredtobebeneficialforsyntheticseedformationinornamentals[57,58].

Syntheticseedshavesomelimitationsovertheadvantages:lowefficientrootsystems,develo
pmentofnon-
synchronousseedsfromthesomaticembryo(themosteffectiveplantmaterialforsyntheticseeddevel
opment),deviationfromthenormalstructure,lossofembryogenicpotentialwithtime,etc.Synthetics
eedtechnologycanbeusedmoreeffectivelyinthecommercialornamentalplantpropagationsectoraf

terresolvingtheselimitations.
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Figure3.Productionandapplicationofsyntheticseeds. Thenumbersinthefigurerepresentthe
endingpointofeachstep,suchastheproductionofsyntheticseeds(1),short-
termstorageofsyntheticseeds(2),syntheticseedsfortransportation(3),long-

termstorageofsyntheticseeds(4),andplantletgenerationfromsyntheticseeds(5).
1.4. InVitroPloidyManipulation

Invitroploidymodificationisamethodofpromotinggeneticdiversitybyraisingorloweringt
henumberofchromosomes(Figure4).Polyploidyinductionisemployedforornamentalcropdevelo
pmentandcanextendbreedingchancestoenhancedecorativefeatures,environmentaltolerances,an
drestorefertilityinbroadhybrids[59].Forchromosomaldoubling,themostoftenutilizedantimitotic
drugsarecolchicineandoryzalin[60]. Twogingerlilylines,HedychiumgardnerianumShepardexKe
rGawl.andH.coronariumJ.Koenig,wereemployedforchromosomaldoublingusingcolchicineoror
yzalin,andthetetraploidgingerlilywaseffectivelycreated[61].Forty—
eighttetraploidsweredevelopedinornamentalaroidplantsusingcolchicine(Caladiumxhortulanum
Birdsey)thatshowedvariationinleafshape,color,andthicknesscomparedtothewildtype[62]. Tetrap
loidanisehyssop(AgastachefoeniculumL.)wasinducedbytheapplicationofcolchicine,whichsho
wedawiderangeofvariationcomparedtodiploidplantsintheirmorphophysiologicalcharacteristics
[63].PolyploidhasalsobeeninductedinDendrobium,Phalaenopsis, Epidendrum,andOdontiodaor
chidsbytheapplicationoforyzalin[64]. In vitro-

[Formatted: Font: Italic

generatedpolyploidsofrose, lilies,phlox, petunia,bellflowers,rhododendronandotherplantsshowe
dawiderangeofphenotypicdifferences. Asidefromantimitoticagents,ploidymodificationisaffecte
dbyspecies,explantkinds,antimitoticagentexposuretechnique,antimitoticagentexposurelength,a



ndsoon.
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2.FactorsAffectingonTissueculturetechniques
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Fig 5.Factors Affecting on Tissue culture techniques

2.1.Genotype

Genotypeisoneofthemostimportantfactorsaffectingtissueculture[65].Genotypicdifferen
cesbetweensixgenotypesofPrimulavulgariswereachievedincallusinductionrate, typeofcallus,roo



tformationduringthecallusphase,andshootregenerationrate[66].Shenetal.(2008)foundsignifican
tdifferencesincallusandshootformationfromleafexplantsamongfourDieffenbachiacultivars[67].
Also,GheisariandMiri(2017)observedthathormonalrequirementforcallusinductionanddirectbul

bletregenerationoftwolisianthusvarietieswasdifferent.
2.1.1.Sourceofexplant

Explantsource,bothinvitroandinvivo,isalsovitalforregeneration. Invitroexplantisthought
tobethebestmethodfororganogenesis.Cactusplantsgrownoutdoorsoringreenhousescanbeutilize
dasexplantsourcestogenerateinvitrocultures;invitroplantsraisedfromseedscanalsobeusedasstart

ingmaterialforcactusmicropropagation[68].
2.1.2. Typeofexplant

Thepreciseselectionofexplantmaterialcanhaveasignificantimpactontissueculturesuccess
[69,70].Thismightbeowingtothevaryinglevelsofendogenoushormonesfoundinvariousplantsecti
ons.Explanttypessuchasleaf,petiole,hypocotyl,epicotyl,embryo,internode,androothadasubstant
ialimpactonplanttissueculture[71,72].Bulbscalesegmentsarethemostcommonlyutilizedexplants
ourceforinvitromultiplicationofgeophytesornamentalplantssuchasFritillariaimperialis,Hyacint
husorientalisandPolianthestuberose. Explantsuppliessuchasovary,flowerstalk, leafstalk,andmat
ureseedsarealsoutilisedforbulbgrowth[73].PetalexplantofP.tuberosewasimplementedtoinitiateg
lobularandheartsomaticembryosthatafter3weeksdevelopedastorpedoandcotyledonaryembryos.
Axillarybranchingusingaxillarybudandstemnode,asinotherplants,isthemajoritycommonexplant
typeutilizedfordirectshootpropagationofDieffenbachia[ 74]. Themajorityofthestrategiesestablis
hedforinvitromultiplicationofPhalaenopsisincludeseedlingpropagationorculturedthedormantbu
dslocatedatthebaseoftheinflorescence. Themostwidelyutilizedexplantforregenerationistheleaf[ 7

5]. Thegreatestrateofregenerationwasseeninchrysanthemumcv.Boramileafexplants[76].
2.1.3.0rientationofexplant

Orientationofmotherplantintheculturemediumalsoaffectstheshootproliferationandregen
erationeffectiveness.Ingeneral,regenerationefficiencyishigherinhorizontalpositionascomparedt
overticalduetolittlecontactofexplanttomediuminverticalposition. Theeffectofexplantlocationint
hemultiplicationofDieffenbachiawasevaluated. Thehighestnumberofshootswasobtainedwithsu

b-apicalsegmentsplacedvertically[77].

2.2.MediumFactors



2.2.1.Media

Thetypeoftissueculturemediumselecteddependsuponthespeciestobecultured. Somespeci
esaresensitivetohighsaltsorhavedifferentrequirementsformacro-
andmicronutrients[78].Eventissuesfromdifferentareasofaplantmayhavedifferinggrowingneeds.
Formicropropagation,manybasalmediasuchasWhite,Nitsch&Nitsch,andB5(Gamborg)havebee
nused,butthemostgenerallyusedculturemediumis(MSmedium),sinceitincludesalloftherequired
nutrientsforinvitrogrowth. Incomparisontomanyotherformulations,itisclassedasahighsaltmediu
m,withhighquantitiesofnitrogen,potassium,andseveralmicronutrients,notablyboronandmangan
ese.However,duetothehighsaltconcentration,thisnutrientsolutionisnotalwaysappropriateforinvi
troplantgrowthanddevelopment.B5mediumprovedtobesuitableordirectshootregenerationoflisia
nthus.Also,theuseofdilutemediaformulationshassometimespromotedbetterformationofshootan
despeciallyroots,sincehighconcentrationofsaltsmayinhibitrootgrowth,eveninpresenceofauxinsi
ntheculturemedium.Phalaenopsisorchidexplants'capacitytocreateshoots. Theyconcludedthat12
MSculturemediumprovidedoptimalaxillaryshootmultiplicationandseedlingdevelopment[79,80

1
2.2.2.Carbonsource

Carbohydrateisafundamentalcomponentofanynutritionalmedium,anditsinclusionisrequ
iredforinvitroculturegrowthanddevelopment[81].Sucroseisbyfarthemostoftenutilizedcarbonso
urceforavarietyofreasons.ltisinexpensive,widelyaccessible,autoclavable,andeasilydigestedbypl
ants.MSmediumsupplementedwith0.1mg/INAA+0.1mg/IBAand60g/Isucrosewasshowntobebe
tterforLiliumledebouriibulbletregeneration.Othercarbohydrates,suchasglucose,maltose,andgal
actose,aswellasthesugar-
alcoholsglycerolandsorbitol(particularlyintheRosaceaefamily),canbeemployed.Primulasp.seed
germinationrateandpercentagearegreaterinMSmediumcontaining10g/Isucrosethaninglucose[8
2].

2.2.3.Complexorganiccompounds

Theseareagroupofundefinedsupplementssuchascaseinhydrolysate,coconutmilk,orangej
uice,tomatojuice,grapejuice,pineapplejuice,bananapuree,etc. Thesecompoundsareoftenusedwh
ennoothercombinationofknowndefinedcomponentsproducesthedesiredgrowthordevelopment.
Someofthemareusedasorganicsourcesofnitrogensuchascaseinhydrolysate,peptone,tryptone,and
maltextract. Thesemixturesareverycomplexandcontainvitaminsaswellasaminoacids. Thehighest

seedgerminationpercentage,PLBdevelopmentandseedlinggrowthofPhalaenopsisobtainedwith



MSor2MSmediacontaining100mg/lcoconutwaterandl-
2g/Ipeptone[83].Polyamines,particularlyspermineandspermidine,aresometimesbeneficialforso

maticembryogenesisanddirectregeneration.
2.3.CultureConditionsandenvironmentfactors
2.3.1.Gasexchangeandrelativehumidity

Theculturevesselistypicallyaclosedsystem,althoughdependingonthekindofvessel,theclo
sure,andhowfirmlytheyaresealedtogether,somegasexchangemayoccur. Thevessels'sealingmusta
llowforenoughventilationtopreventsevereethylenebuildupandCO,depletion. Theuseoftightlyclo
sedcontainersthatimpedegasexchangemayhaveadetrimentalimpactonproperplantgrowthanddev
elopmentduringinvitroculture.Severalstudieshavedemonstratedthebenefitsofutilizingclosuresw
ithfiltersorventedcontainers,whichenablegasexchangeandhenceincreasephotosyntheticcapabili

ty,multiplicationrate,andplantsurvivalfollowingtransfertoexvitrosettings[84].

Therelativehumiditywithintheculturevesselsistypicallyquitehigh,resultinginapoorlyesta
blishedepicuticularwaxlayeranddysfunctionalplantletstomata. Asaresult,variousmethodsforred
ucingrelativeairhumidityinsidethevesselhavebeentested,suchasopeningculturecontainersforafe
wdayspriortoacclimatization,usingspecialclosuresthatfacilitatewaterloss,orcoolingcontainerbo
ttoms,whichincreasescondensationofwatervaporsonthegelsurface.Furthermore,relativehumidit
ymanagementduringinvitroacclimationisanimportantroleinimprovingthemorphologicalcharact

eristicsofplantletswhentransplanted_in_vivo_[85].
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2.3.2.Light

Thethreefeaturesoflight,whichinfluenceinvitrogrowthcharacteristicssuchasstemelongat
ion,leafsizeandplantanatomy,arewavelength,fluxdensityandphotoperiod. Tapingkaeinvestigate
dtheeffectsoflightqualityandquantityongrowthanddevelopmentofAnigozanthosbicolorandZieri
afraseriagrowninvitro. Threewhitelightintensitiesof40,80and200pmolm™2s
L lightoffivespectralquantities:white(390-760nm),blue(450-492nm),green(492-
550nm),yellow(550-588nm)andred(647-770nm);andfivelight-
darkcycles:4L2D,6L6D,12L.12D,16L.8Dand24Lwereapplied. Totalrhizomenumberanddryweig
htofA.bicolorplantletsafter6weeksofgrowthwaspositivelyaffectedbyhighlightintensitiesof80to
200pmolm s andshortlight-
darkcycleof4L2D. ThelightspectrumwasnotcriticalforrhizomeproductioninA.bicolor.Shootdry

weightofZ.fraseriawashighestinplantletsgrownunder200umolm2s’



Yirradiance.Shootlengthwaspositivelyaffectedbybluelight. Lightcyclehadnoeffectontheproducti
vitybutshorterphotoperiodsreducedshootlength. TheRed(R)andBlue(B)LEDIightontheinvitrom
ultiplicationofRosasp.wereusedandresponsescomparedwithexplantgrownunder16/8h(light/dar
k)fluorescentlight.ShootsunderRBLED(16:4)showedthegreatestgrowthandelongation[86].

Severalstudiesfoundthatlightpromotedrootdevelopmentandshootgrowth,whiledarkness
promotedrootformation. Lisianthuscalligrowninthelight(1200lux)hadahigherfreshweightandwe
regreen,butcallicultivatedintheshadewereyellow. Thebreakdownofendogenousl AAcausesthedi
minishedrootinginthepresenceoflight.Shootsfromproliferatingculturesweresometimesmovedto
rootinductionmediawithauxinfor4-
7daysinthedarkbeforebeingswitchedtothesamemediumwithoutauxinandincubatedunderlightfor

rootelongation.
2.3.3. Temperature

Temperatureinfluencesseveralphysiologicalactivities,includingrespirationandphotosynt
hesis. Themostfrequenttemperaturerangeforcultivationhasbeen20°Cto27°C,howeveridealtemp
eraturesvarygreatlydependingongenotype.Priortoinvivotransplanting,airtemperatureisstatedas
asignificantelementindetermininginvitrogrowthanddevelopmentofPhalaenopsisplantlets.Plantl
etsofPhalaenopsisacclimatizedtovariedairtemperatures(152,252,and352°C)weretransplantedi
mmediatelytoinvivohabitatsforl4days.Plantletsacclimatizedtolowairtemperatureretainedhighe
rlevelsofchlorophylla,chlorophylib,totalchlorophyll,andtotalcarotenoidcontentthanthoseacclim

atizedtohightemperature.
2.4.Plantgrowthregulators(PGRs)

PGRsregulateandgovernthebeginningandgrowthofshootsandrootsonexplantsandembry
os,aswellascelldivisionandexpansion.Plantgrowthregulatorsareclassifiedintovariousgroups,inc
ludingcytokinin,auxins,gibberellins,ethylene,andabscisicacid. Theproductionofadventitioussho
otsandrootsfrequentlyneedabalanceofauxinandcytokinin.Highamountsofauxinrelativetocytoki
ninincreasedrootdevelopment,whereashighlevelsofcytokinincomparedtoauxinstimulatedshootf
ormation.Inlisianthusandgladioli,forexample,maximalcallusinductionwasobservedonMSmedi
umsupplementedwith2and10mg/INAA respectively[87],whereasthehighestshootregeneration
wasachievedwithMSmediumcontaining5mg/IBA+0.1mg/INAAand4mg/IKin+0.5mg/INAA(L
9,39).Similarresultshavebeenobtainedforcallusinductionoffritillaryandbulbletregenerationofhy

acinth.Thebalanceofgrowthregulatorsdependsontheobjectiveofthecultivationinvitro(ase.g.,sho



ot,root,callusorsuspensionculture)andonthemicropropagationphaseconsidered(initiation,multi
plicationorrooting)[88]

3.Futureaspects

Tissueculturetechniqueshavebeenadjustedinrecentdecadestopromoteplantgrowth,biolo
gicalactivity,transformationandsecondarymetabolitesynthesisduetodevelopmentandadesiretogr
owonalargescale. Aconsiderableadvancementinstrategieshasbeensoughttodealwiththeproblemo
flowconcentrationsofsecondarymetabolitesinentireplants. Thesterileplantletswillsolvetheconta
minationproblemandshortenthesterilizingprocedure.Secondarymetabolitesandmedicinallyrele

vantchemicalshavefoundinvitropropagationtobequiteeffectiveforselectivemetaboliteformation.

Inrecentyears,researchershavebeguntoexamineornamentalsatthemolecularlevel,includi
nggeneticmodification,utilizinginvitrotechnologies[89]. Agrobacteriumtumefaciens-
mediatedtransformationhasbeenusedtocreatetransgenicornamentalspeciesinaround40genera[9
0],butonlyafewornamentals,suchasPhalaenopsisandpetunia,haveacceptableandeffectivetransfo
rmationstrategies.Manygenesandtranscriptionsareinvolvedintheinvitroorganogeniccallus,shoot
,root,somaticembryos,andPLBs,andtheirtranscriptionsarealsocontrolledbytheexogenousadmin

istrationofvariousgrowthregulators[91].
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