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Meristem organizationofshootandrootapicesofAngiosperms



TheShootApex:

Theterminalpartoftheshootwiththeleafprimordiaistheshootapexwhereprimary

organisationoftheshootisinitiated.

Insizeandshapeitvariesenormously,butinageneralwayitcanbesaidthattheshoot

apexismoreorlessconvexinlongitudinalsection.

Theapicalmeristem widensconsiderablybeforetheinitiationoftheleafanditagain

becomesnarrowaftertheappearanceoftheleafprimordium,thusexhibitingarhythmic

phenomenon.

Asalreadyreportedtheshootapexofangiospermshasbeenthesubjectofintensive

investigationforprettylongtime,andanumberoftheories(discussed)havebeen

enunciatedregardingthegrowthanddifferentiationofthesame.

Thegenerallyacceptedconcept,tunica-corpustheory,demandsthatthetunicawithone

orfewlayersofcellsformsanenveloperoundthecentrally-locatedinitialsofthecorpus.

Thenumberoflayersoftunicamayvary(onetonine)inthesamefamily,genusand

eveninthesameplantatdifferentstagesofgrowth.Twotypesofcellshavebeen

recognisedinthetunica.

Oneorfew initialsformingacentralapicalzonehavinglargersize,moreprominent

nucleiandconspicuousvacuoles.Thecellsofthiszonetakelightstrain.

Thesecondzoneconsistingofcomparativelysmalleranddeeplystainingcellsoccuron

thesidesoftheapexbetweentheinitialsandtheleafprimordium.

Accordingtointernalarrangement,thecorpusmaybeoftwotypes—(1)theusual

angiospermictypewiththreemainzones,viz.,(a)azoneofcentralmothercells

representingthecorpusinitials,justbelow theapicalportionofthetunica,(b)rib

meristem,and(c)flankmeristem,thelasttwoappearingascontinuationsofcentral

mothercells;(2)theOpuntiatype,inwhich,acup-shapedcambium-liketransitional

zone between the mothercells and othermeristems have been recognised (Fig.



532A—5&6).

Thiszonewhichisalwaysassociatedwithleafprimordium differsfrom therestinthat

theheightanddiametervaryconsiderablyduringtheplastochron.Itisconsideredby

some(Philipson,1954)asonlyatemporaryfeature,becauseitdisappearstowardsthe

endoftheplastochron.

Anotherconceptaboutapicalmeristem developedonthebasisoftherateofmitotic

activitysuggestingtwozones—(1)acentralapicalzonewithtunicaandcorpusinitials

havinglessfrequentactivity,and(2)aperipheralzonewithpronouncedmitoticcell

division.

The vacuolated distalpartofthe apicalmeristem,according to them is ofno

significanceinvegetativegrowth,theperipheralmeristem withactivelydividingcelland

theribmeristem playthemainrolesinbuildingtheshoot.

TheRootApex:

Incomparisontothestem apextheapicalmeristem oftherootissimpler,becauseof

theabsenceofnodesandinternodesandlateralappendages.Butithasaprotective



cap,whichactsasthebufferbetweentheroot-tipandthesoilparticles.

As cap occupies the terminalposition,the apicalmeristem is subterminalhere.

Curiouslyenough,growthintheroot-tipproceedsintwodirectionsoppositetoeach

other—towardsthetipinthecapandawayfrom thetipintherootproper.

Thoughhistogentheoryhasbeenpracticallydiscardedincaseofstem apex,itis

followedininterpretingthestructureandgrowthofrootapex.Theapicalmeristem here

israthershort.

Considerablevariationsexistintherelationbetweenthecapandthetip.Infact,root

apicesareofafewtypesdependingonthemodeoforiginofcapandrelationsbetween

histogensandprimarytissueregionsoftherootproper.

Inangiospermsthreegroupsofinitialsusuallyoccurattherootapex.Indicotyledons

(Fig.533C),ofthethreegroups,theterminaloneformsthedermatogenandthecap;the

medianoneformstheperiblem;andtheinnermostonegivesrisetotheplerome.

Soherethecapanddermatogenhavecommonorigin.Thuscapmaybeconsidereda

specialiseddevelopmentoftheepidermis.

Inmonocotyledons(Fig.533D),theoutermostgroupofinitialsproducesthecap;the

medium one,thedermatogenandperiblem;andtheinnermostone,theplerome.

Thegroupofinitialsformingdermatogenandperiblem isusuallyone-layered,butitmay

betwoorthreelayersinthickness.Independentoriginofthecapisanotablefeature.

Thehistogenconcernedwiththeformationofthecapisreferredtoascalyptrogen.

Thelateralandadventitiousrootsshowsametypeoforganisation.

Inrecentyearsmanyinvestigators(Jensen,Clowes,andothers)haveclaimedthata

zoneoflowmitoticactivitycomposedofthecellsofthecentralpartofthepromeristem

occur.Ithasbeencalledquiscentcentre.



Atheory—Kőrper-Kappetheory,moreorlesssimilartothetunica-corpusoftheshoot

apex,wasenunciatedonthebasisofplanesofcelldivision.Accordingtothistheory

therearetworegions,outer(Kappe)andinner(Korper),andthecellsdivideinapattern

knownasT-division.

Kappecellsfirstdividehorizontallyandthederivativesdivideatrightanglestotheplane

offirstdivision—theplanesoftwothusformingaT.IntheinnerregionKorperTis

invertedastheseconddivisiontakesplaceintheupperdaughercells.

TheoriesofRoot

Thefollowingpointshighlightthetopthreetheoriesofrootapicalmeristem in

plants.Thetheoriesare:1.ApicalCellTheory2.HistogenTheory3.Korper-Kappe

Theory.

1.ApicalCellTheory:

ThistheorywasproposedbyNageliwhodrew theattentiontotheoccurrenceofa

singleapicalcellorapicalinitialthatcomposestherootmeristem.Asingleapicalcellis

presentonlyinvascularcryptogams,e.g.Equisetum,Adiantum andPolypodium etc.

Theapicalinitialistetrahedralinshapeandgeneratesrootcapfrom oneside.

Theotherthreesidesdonatecellstoform epidermis,cortexandvascularcylinder.In



otherwords alltissues thatcompose a mature rootincluding rootcap are the

derivativesofasingleapicalcell.Apicalcelltheoryisconfinedtovascularcryptogams

onlyastherootapicalmeristem offloweringplantsdoesnothaveasingleapicalcell.

2.HistogenTheory:

Hansteinin1868advocatedthetheory.AccordingtoHansteinrootapicalmeristem

consistsofthreecell-initiatingregionscalledhistogens(Fig.7.22).Thehistogensare

calleddermatogen,periblem andpleromethatrespectfullyform epidermis,cortexand

vascularcylinderthatarepresentinamatureroot.

Thederivativesofdermatogenvary.InZeamays(monocot)dermatogengeneratesroot

caponlyandthishistogenisreferredtoascalyptrogen.InBrassica(dicot)dermatogen

generates both protoderm and root cap and this histogen is referred to as

dermatocalyptrogen.

Histogentheoryexplainsbothrootandshootapicalmeristem.Thistheoryattributes

specificdestiniestothederivativesofthethreehistogens.Thoughhistogentheoryis

abandonedtoexplainshootapex,EamesandMacDanielsillustratedtherootapical

meristem onthebasisofhistogenconcept.

3.Korper-KappeTheory:

Thistheoryofrootmeristem wasproposedin1917bySchiieppwhoregardedthe

occurrence oftwo systemsofcellseriation thatcharacterize the rootapexwith

referencetoplanesofcelldivisioninitsparts.



Korper-kappeconceptisalsoreferredtoasbody-capconcept(Korper=bodyandkappe

=cap)andtheconceptillustratesdistincttypeofcellwallpatternformationduringcell

division.Thebody-capconceptisillustratedbelow onanalyzingthedivisionsinthe

derivativesofapicalcell(Fig.7.23).

The root meristem exhibits multicellular structure.It consists of conspicuous

longitudinalfilesofcells.Duringgrowththerootchangesindiameter.Thishappensdue

tocelldivisionsthatoccurinsuchawaythatasinglelongitudinalfileofcellsbecomes

doublefiles.Theinitialcelldividestransversely.Thetwocellsthusformedonehasthe

capabilityofcelldivision.Thiscelldivideslongitudinallyandboththedaughtercells

inheritthepropertyofcelldivision.

Thedaughtercellsareparallelinarrangement,shareacommonwallanddivideby

transversepartitionfollowedbylongitudinalpartitioninonecell.Thesequencesofwall

formationwhenviewedtogetherappeartoform aconfigurationresemblingtheletter‘T’

or‘Y’.SuchdivisionsaredescribedasT-divisions.ContinuousT-divisionsresultinthe

formationofdouble-rowedregionoverasinglerowedregion.

ItistheT-divisionthatcharacterizeskorperandkappe.Inthekappetheinitialcellfirst



dividestransverselyandformstwocells.Thedaughtercellthatfacestherootapex

inheritstheinitialfunction.Itdivideslongitudinally.Thetwocellsthusformedhavethe

capabilityofcelldivision.

Whentransverseandlongitudinalpartitionareviewedtogetherthecombinedcellwalls

appearas‘T’thatisright-way-up.Whensuchdivisioncontinuesitisobservedthata

single rowed region is leftbehind overthe double-rowed region.This occurs in

downwardlypointedroots.

Inthekorpertheinitialcellfirstdividesbytransversepartitionandformstwocells.The

daughtercellthatfacesthebaseofroot,i.e.awayfrom theapexinheritstheinitial

function.

Itdivideslongitudinallyandthetwodaughtercellsthusformedhavethepotentialityof

celldivision.Thedaughtercellsdividebytransversepartitionsfollowedbylongitudinal

partitions.Whentransverseandlongitudinalpartitionsareviewedtogetherthecellwalls

form aconfigurationresemblinganinverted‘T’.

Korperandkappe-thesetwozonesofrootaredelimitedbyplanesofcelldivision.The

zonesexhibitclearboundarywhentheyoriginatefrom separateinitials,e.g.rootwith

calyptrogen.Thezonesdo notexhibitsharp demarcation linewhen theyare the

derivativesofsameapicalcell.Inrootwithdermatocalyptrogenthecapextendsinto

protoderm.

Thecentralpartofrootcapisthecolumellawherethecellsarearrangedinlongitudinal

files.Thesecellsseldom divide.Whendivisionoccursthepartitionwallsform the

configurationofaninverted‘T’thatisobservedinthekorper.The‘T’hasnormal

configurationintheperipheralregionofrootcap.

Thekorper-kappetheoryofrootapexiscomparablewithtunica-corpustheoryofshoot

apex.Thebody-capconceptandtunica-corpusconceptbotharebasedsolelyonthe

planesofcelldivision.Anticlinaldivisionisthecharacteristicoftunicawhereascorpus

exhibitsbothanticlinalandpericlinaldivision.



Ontheotherhandtheinverted‘T’–andnormal‘T’patternofcellwallformationarethe

characteristicofkorperandkapperespectively.Theboundariesbetweenkorperand

kappe,andbetweentunicaandcorpusarenotalwayssharplydemarcated.

TheoriesofShootapex

Thefollowingpointshighlightthetopthreetheoriesofshootapicalmeristem.

Thetheoriesare:1.ApicalCellTheory2.HistogenTheory3.Tunica-CorpusTheory.

1.ApicalCellTheory:

Nageliin1944advocatedthistheory.Accordingtothistheorytheapicalmeristem

consistsofasingleapicalcell(alsocalledapicalinitial)andthiscellisinterpretedas

the‘structuralandfunctionalunitofapicalmeristem’.Thecellisverylargeandis

shapedlikeaninvertedpyramid.

Theapicalcellistetrahedralinshapeandhasthreeorfourcuttingfacesamongwhich

singlefaceisdirectedupwardandtherestpointsdownward.Thesideofapicalcellthat

isdirectedupwardistriangularorsquareinshapeandformsapartoftheoutersurface

oftheshootapex(Fig.7.7).

Thecuttingfacesofapicalcelldivideinanorderlyfashionthatisinhelicalsuccession.



Thecelldividesbyanasymmetricdivision;asaresultanarrowandflatcellisformed.

Thenextdivisionoftheapicalcellisalsoasymmetric.Thistypeofasymmetricdivision

isrepeatedinthedownwardlypointedfacesoftheapicalcell.

Asaresultallcuttingfaceshavetheirdaughtercells.Thedaughtercellsalsodivideand

form largepacketofcells.Thepacketofcellsdifferentiatesand formsdifferent

segmentsofshoot.Sotheapicalcellisregardedas‘areserveofonegeneticallysound

cell’.

Asingleapicalcellcomposinganapicalmeristem ispresentinvascularcryptogams.

Afterthediscoveryofsolitaryapicalcellinvascularcryptogams,itwassupposedthat

suchapicalmeristem mightexistinhigherplantsaswell.

Laterextensiveinvestigationsrefutedtheuniversaloccurrenceofsolitaryapicalcellina

meristem.Inhigherplantstheapicalcelltheorywasreplacedbytheconceptthatthe

differentpartsofaplantbodyhaveindependentorigin.Sotheapicalcelltheorywas

latersupersededbyhistogentheory.

2.HistogenTheory:

Hansteinin1868putforwardhistogentheory(histogenmeanstissuebuilder).

Accordingtothistheorythetissuesofaplantbodyoriginatefrom amassofmeristem

wherethefollowingthree(histogens)canbedistinguished(Fig.7.8):

(a)Dermatogen:

(InGreekmeaningskin).Itistheoutermostlayerofthemeristem.Itgivesriseto



epidermisesofrootandstem.

(b)Periblem:

(InGreekmeaningclothing).Thisregionoccursinternaltodermatogenbutperipheralto

plerome.Thishistogenisdestinedtoform cortexofrootandshootandinnertissuesof

leaves.Itsurroundsplerome.

(c)Plerome:

(InGreekmeaningthatthisfills).Thisregiongivesrisetovascularcylinderofstem and

rootincludingpith.Itisthecentralcoreofstem androotandthecellscomposingthis

zoneareveryirregular.Thisregionisenvelopedbyavariablenumberofmantle-like

layerswhicharerepresentedbydermatogenandperiblem.

According to Hanstein dermatogen,periblem and pleromearisefrom independent

initialsoftheapicalmeristem.

3.Tunica-CorpusTheory:

Schmidtin1924postulatedtunica-corpustheoryonthebasisofstudiesofshoot

apicesofangiosperm.Thistheoryisconcernedwithplanesofcelldivisionintheapex.

Incontrasttoapicalcelltheoryandhistogentheorytunica-corpustheoryisapplicable

onlytoshootapexandnottoroot.Schmidtdistinguishestwotissuezonesintheshoot

apexandtermedthem astunicaandcorpus.

Majorityofangiosperm shootapexexhibitstunicaconsistingoftwolayersofcellsand

corpus(Fig.7.9A).ResearchersdesignatethelayersasL1,L2 and L3 to denote

respectivelyouterlayeroftunica,innerlayeroftunicaandcorpus.

Plasmodesmata existbetween the cells oftunica and corpus.Itis thoughtthat

plasmodesmacontrolsthegeneexpressionthatleadstotheformationofprotoderm,

groundmeristem andprovasculartissue.



Cambium anditsderivativetissues

SecondaryXylem

The xylem formedasaresultofthesecondarygrowthfrom the vascularcambium

Xylem isthevasculartissueresponsiblefortheconductionofwaterandnutrientsfrom

therootstotheshootsandleaves,especiallyofterrestrialplants.Basedonthestage

andoriginofgrowth,axylem maybeclassifiedas primary or secondary.

Secondaryxylem isthetypeofxylem formedfrom secondarygrowth.Incomparison,

theprimaryxylem formsduringprimarygrowth.Becauseofthis,thesecondaryxylem is

associatedwithlateralgrowthratherthanverticalgrowthasintheprimaryxylem.

Anotherdifferenceliesonthetypeof cambium thatgivesrisetothem.Theprimary

xylem comes from the procambium whereas the secondary xylem grows from

the vascularcambium.

Secondaryxylem isabsentinnon-woodyplantsbutispresentin treesand shrubs.

Its cellwalls are thickened by deposition of lignin,thereby,rendering mechanical

supporttosuchplants.

Secondaryxylem consistsof tracheidsandvesselsthatareshorterandwiderthan



thoseof primaryxylem.Itisalsoricherinxylem fibersthanin primaryxylem.

Secondaryxylem mayshow growthrings(orannualrings).Inlargewoodyplants,the

secondaryxylem isdifferentiatedinto sapwood and heartwood.

SecondaryPhloem

Thetypeof phloem derivedfrom the secondarymeristemsofa vascularplant.

Thephloem isavasculartissuethatisresponsiblefor translocation.Translocation

pertainstotheprocessthattransportsthe materialstodifferentpartsofa vascular

plant.Thephloem maybeprimaryorsecondarydependingonwhichtypeofgrowthit

camefrom oronwhichtypeofcambia it came from.

Thesecondaryphloem isatypeof phloem thatformsfrom thevascularcambium

duringthesecondarygrowth.Thesecondarygrowthisresponsibleforthegrowthin

girthinplants,especiallytrees.Thevascularcambium isthemeristematictissue

involved in this type of growth.Some of the cells produced by the vascular

cambium maydifferentiateintosecondaryphloem (othersas secondaryxylem).

Thesecondaryphloem islocatedinthe stemsand roots.Itformsinnertothe primary

phloem.Aradialsystem ofphloem raysoccursinthesecondaryphloem.Intermsof

cellularcomponents,thesecondaryphloem hasmorephloem fibers(occurinbandsor

patches,andreferredtoasbastfibers), sievetubes, phloem parenchyma,and sclereids

thanthe primaryphloem.Thesievetubesofsecondaryphloem areshorterbutwider.

Thus,thereisaratherrapidflowofphotosynthateacrossthesievetubesofsecondary

phloem thanthoseofprimaryphloem.

Anatomyrelationtoplanttaxonomy

InthisarticlewewilldiscussabouttheAnatomyinRelationtoPlantTaxonomy:-

1. UsesofAnatomy2. TypesofAnatomy3. UltraStructuralSystematics.

UsesofAnatomy:

Anatomicalcharactersofvegetativeandfloralpartsoffloweringplantshavebeen

successfully employed to solve taxonomic problems and forthe elucidation of

phylogeneticrelationships.ItwasBureau,who forthefirsttimeused anatomical



charactersinplantclassificationforthedelimitationoftaxaofvariouslevels,withinthe

familyBignoniaceae.

However,anatomicaldatahavebeenusedextensivelyasataxonomictoolonlyafterthe

nineteenthcentury.Anatomicaldatahasnotonlybeenusefulatthehigherlevelsbutin

certaininstances,havebeensuccessfullyemployedevenatthespecificlevel.Auguste

Mathiewisoneofthepioneertaxonomists,whousedfeaturesofwoodanatomyinthe

descriptionofforestplantsinFloraeforestiere.

Later,anothertaxonomistSolereder,discussedthesystematicvalueofanatomical

structures in dicotyledons in his classic book Systematische Anatomic der

Dicotyledonen,theEnglishtranslationofwhichwaslaterpublishedinamodifiedform in

thetwo-volumebookAnatomyoftheDicotyledonsbyMetcalfeandChalk.

TypesofAnatomy:

1.VegetativeAnatomy:

(a)LeafAnatomy:

Leafanatomyprovidesvariouscharactersoftaxonomicimportanceashasbeenrightly

stated byCarlquist,that “the leafis perhaps anatomicallymostvaried organ of

angiospermsanditsanatomicalvariationsoftenconcurcloselywithgenericand

specificandoccasionallyfamiliallines”.

Leafanatomyhasbeenusedwidelyinseveraltaxonomicallydifferentgroupssuchas

Euphorbiaceae,Cyperaceae and Gramineae of Angiosperms and Coniferae of

Gymnosperms.

Ithasbeenoneofthemostreliablecharactersingrasssystematics.Forexample,the

leafanatomy ofseveralspecies ofCyperaceae,was studied by Koyama and

GovindrajaluandtheyformulatedkeystoidentifyvariousspeciesofCyperus,Fuirena,

etc.Brownsurveyed,72generaofgrassesandonthebasisoftheirtissuearrangement,

sixmaintypeswererecognized.

However,theycouldnot,besegregatedintothetwotraditionalsubfamilies,Pooideae

andPanicoideae.Similarly,Vidakoviehaveusedseveralcharactersofleafanatomyin



differentiatingspeciesinPinus.Taxonomicimplicationofleafanatomyofseveral

generaofMusaceae,Zingiberaceae,XanthorrhoeaceaeandEricaceaehavealsobeen

establishedbyseveralworkers.

(b)Stem Anatomy:

Stem anatomyhasalsobeenlongreliedonasataxonomictool(Fig.8.3).Thetwo-

volume work by Metcalfe & Chalk is an excellent example of an illustrated

encyclopaedia ofthis and ofotheraspects ofplantanatomy,which reveals the

taxonomicalsignificanceofanatomicalcharactersinplantclassificationandcanbe

usedatvariouslevelsfrom Dicotyledon-

Monocotyledondistinction,totheseparationofvariousspeciesofthesamegenus.

Stem anatomyhasparticularlyprovedtobeofdiagnosticvalueintheherbaceous

members.Forexample,anatomyofstemshasbeensuccessfullyemployedinthe

delimitation ofspeciesofDioscoreawhich otherwisearenoteasilyseparableon

exomorphicgrounds.

Carlquisthas used anatomicalfeatures ofthe genus Fitchia (Asteraceae)in the

classificationofvariousspecies.Further,itisalsopossibletoidentifyparentsofseveral



hybridsonanatomicalgrounds.

(c)PetioleAnatomy:

MetcalfeandChalkandHowardhavesuggestedthatthepetioleanatomymightalsobe

oftaxonomicsignificance(Fig.8.4).AccordingtoHowardfamilies,generaandeven

speciesinsomecasesmayheidentifiedbypetiolecharacters.

(d)NodalAnatomy:

Nodalanatomyhasalso gained much importancein taxonomyand phylogenyof

angiospermsinrecentyears.Correlationsofnodalanatomywithsomeotherfeatures

mighthelpsignificantlyintracingthephylogenyofangiosperms.Acomparativestudy

ofnodalanatomymayshowimportantrelationshipsordistinctnessofgeneraoreven

species(Fig.8.4).

   

(e)WoodAnatomy:

Wood anatomyhas been used atalmostalltaxonomic levels.Because oftheir

conservativenature,anatomicalfeaturesofthesecondarywoodhavebeenveryuseful

intaxonomyandphylogeny.

Along withotherlinesofevidence,ithasbeensuccessfullyused indeciding the

systematic position of primitive vesselless families such as Amborellaceae,

Tetracentraceae, Trochodendraceae and Winteraceae, all included under the

Magnolialesofangiosperms.



Similarly,due to the presence ofspecialized wood,ithas been agreed by all

phylogeniststhattheEngleriangroupofprimitiveangiosperms,namely,Amentiferae

(including families like the Salicaceae,Betulaceae,Fagaceae,Juglandaceae,etc.)

cannotbeconsideredprimitive.

(f)Sclereids:

Sclereids,i.e.cellswithverythicklignifiedwalls,whicharewidelydistributedintheplant

body,have been used as diagnostic tools in severaltaxa like Connaraceae,

Nymphaeaceae,Oleaceae,Theaceae,Umoniaceae,and a few genera ofAraceae,

Acanthaceae,EricaceaeandMelastomaceae(Fig.8.6).

Indicots,theyaremorecommoninwoodyformsthaninherbaceousones,buttheyare

extremelyrareinmonocots,exceptincertaingeneraofAraceae,Agavaceae,Arecaceae

andafew otherfamilies.Astheyexhibitvariousshapes,sizesandcharacteristicsof

theirwalls,theyhavebeenofsometaxonomicsignificance.

Twomaintypesofsclereidshavebeenrecognized,viz.isomorphicandpolymorphic

types.Thesclereidformsmaybecharacteristicofaparticularspeciesandthusof

taxonomicvalue.



(g)CellularContents:

Manytypesofmicroscopiccharactersofcellcontentsi.e.,chemicaldeposits,canserve

asimportantdiagnostictools,andattimesproveextremelyhelpfulindelineating

species,generaandfamilies.

Crystalsandcrystalliferouscellshavebeenfoundtobeofsystematicimportancein

severalfamiliesofangiospermssuchasEuphorbiaceae,Leguminosae,Verbenaceae,

etc.

2.FloralAnatomy:

Asthereproductiveorgansshowahighdegreeofconservation,theyhavebeenwidely

usedintheclassifications(Fig.8.11A).Atthesametime,itisalsoquitelikelythatthe

vascularsupplytothesefloralorgansisalsoconservativeandthusmorereliablein

taxonomicandphylogeneticinterpretations(Fig.8.11B).

Thedistributionandcourseofvascularbundleswithinthereceptacleandfloralparts

haveprovedtobeofsystematicsignificance,particularlyinrankingtaxaofhigherorder

suchasgeneraandfamilies.Evenspecificcharactersmaybequiteclearinsomecases.

Thesignificantroleplayedbythefloralanatomyinthesolutionofmorphological

problemshasbeengreatlyemphasizedbyPuri.Unlikeotherbranchesofanatomy,the

applicationoffloralanatomytotaxonomyislimitedduetotechnicalandinterpretative

difficulties.



Howeverwiththedevelopmentofrapidclearingtechniques,thisbranchofinvestigation

receivedagreatimpetus.Thefloralanatomicalcharactersoffamiliesandgeneraare

generallywellmarkedandhavebeenusefulinsolvingsomefundamentalquestions,like

thenatureofflower,carpel,inferiorovaryandalso severalproblemsrelatedwith

homologies,phylogenyandtaxonomy.
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AnatomicalfeaturesofRoot,Stem andLeafofDicotandMonocot

DicotyledonousandMonocotyledonousRoots

DicotRoot

 Dicotplantshavethetaprootsystem.

 Theoutermostlayeriscalledtheepidermis.Theepidermalcellssometimes

projectoutwhichappearastheroothairs.

 Theepidermisisfollowed bythemulti-layered cortex,looselymadeofthe

parenchymacellswithintercellularspaces.

 Theinnerlayerofthecortexiscalledendodermis,whichistightlypackedbythe

barrelshaped-cells.

 Endodermisisfollowedbypericycle,whichareafew layersofthick-walled

parenchymacells.

 Indicots,thecentralpithisnotdistinct.

 Therearetwotofourxylem andphloem.

 Thexylem andphloem areremarkedbyalayerofparenchymatouscellsknown

asconjunctive tissue.

Duringsecondarygrowth,thecambium separatesthexylem andphloem.Pericycle,

vascularbundlesandpithfusetoform steleindicots.

MonocotRoot

Monocotrootsdonotshowmuchdifferenceintheanatomyfrom thatofthedicotroots.



 Monocotplantspossessanadventitiousrootsystem.

 Asinthedicots,theepidermisformstheoutermostlayer,followedbycortex,

pericycle,endodermis,vascularbundles(xylem andphloem)andpith(random

order).

 Pithisconspicuousandlarge.

 Thenumberofxylem inamonocotissixormore.

 Secondarygrowthisnotseeninthemonocotplants.

DicotyledonousandMonocotyledonousStem

DicotStem

Thedicotyledonousstem isusuallysolid.Thetransversesectionofatypicalyoung

dicotyledonousstem consistsofthefollowingparts:

 Theepidermisistheoutermostprotectivelayer,whichiscoveredwithathinlayer

ofcuticle.



 Epidermispossessestrichomesandafewstomata.

 Cortexismulti-layeredcellssandwichedbetweenepidermisandpericycle.

 The outer layer,hypodermis (collenchymatous cells),the corticallayers

(parenchymatouscells)andtheinnerlayer,endodermistogethermakeupthe

threesubzonesofthecortex.

 Nexttoendodermisisthepericycle,whichisconstitutedofsemi-lunarpatches

ofsclerenchyma.

 ‘Circled’/‘ring’arrangementofvascularbundlesispresentonlyindicotstem.

 TheVascularbundleisconjoint,openandwithendarchprotoxylem.

 Pithisevidentandismadeofparenchymatouscells.

MonocotStem

Monocotstem isusuallyhollow withnosecondarygrowth.Theanatomyofmonocot

anddicotstem aresimilar,however,somenotabledifferencesareasfollows:

 Thehypodermisofthecortexinmonocotsismadeofsclerenchymatouscells.

 Vascularbundlesarenumerous,butscattered,conjointandclosed,surrounded

bythegroundtissue.

 Phloem parenchymaisabsent.

DicotyledonousandMonocotyledonousLeaves

DicotLeaf

Dicotyledonousleafshowsreticulatevenation.

 Laminaconsistsofepidermis,mesophyllandvascularsystem.



 The epidermisiscovered bycuticleand stomata;abaxialepidermis(lower

surface)possesses more stomata than adaxialepidermis (uppersurface).

Sometimesadaxialepidermislackstomata.

 Mesophyll,(parenchymatous cells)composed ofthe palisade and spongy

parenchymaispresentinbetweentheadaxialepidermisandabaxialepidermis.

 The chloroplasts presentinmesophyllperform photosynthesisinleaves.

 Vascularbundlesaresurroundedbybundlesheathcellsandform theveinsand

midrib.

MonocotLeaf

Monocotyledonousleavesarecharacterizedbyparallelvenation.Theanatomyofa

monocotleafincludes:

 Bothadaxialepidermisandabaxialepidermisbearstomata.

 Thereisnodifferentiatedpalisadeandspongyparenchymaofthemesophyll.

 Bulliform cellsarepresent,whichisdevelopedfrom adaxialepidermalcellsand

theveins.

 Bulliform cellsarelarge,voidcellswhichareresponsibleforthecurlingofleaves



forminimallossofwater.

NormalandAnomaloussecondarygrowthinDicotstem-Aristolochia,Nyctanthes

SecondaryGrowthinAristolochiaStem (WithDiagram)

Ithasbeenstatedthatthisstem whichisaliane,differsfrom thenormalonesinthe

processofsecondarygrowth.

Themoststriking pointsofdifferencearetheformation ofonlyparenchymatous

medullary rays by the interfascicularcambium,and consequentoccurrence of

secondarytissuesinstrands(Fig.641).

IntheprimaryconditiontheAristolochiastem hasthefollowingstructure.Epidermisis

uniseriatewithcuticularisedouterwalls.Cortexisdifferentiatedintocollenchymatous

hypodermis,parenchymatousportionandthestarchsheath.

Chloroplastsarepresentinbothcollenchymaandparenchymacells.Acontinuousband

ofsclerenchymawithstronglythickenedwallsoccur.Theymaybecalledperivascular

fibres,ormaybesaidtoform pericycletogetherwiththeadjoiningparenchymacells.

Broad medullaryrayscomposed ofparenchymacellsoccurbetweenthevascular

bundles.Thecentralportionofthestem isoccupiedbyalargeparenchymatouspith.

Thevascularbundlesremainarrangedinaring.Thebundlesaredistinctlycollateraland

openones,withxylemandphloem ontheinnerandoutersidesandhavingastripof

cambium inbetweenthetwo.



Withcommencementofsecondarygrowthinthicknessafewparenchymatouscellsof

thebroadmedullaryraysbecomemeristematicinalinewiththefascicularcambium of

thevascularbundles.Thenewly-formedmeristem,asecondarymeristem,isknownas

interfascicularcambium.

Itjoinsupwiththefascicularcambium andthusacontinuouscambium ring(Fig.641A)

is formed.The fascicularcambium,in fact,the cambialzone goes on dividing

tangentiallyandproducessecondaryxylem andsecondaryphloem ontheinnerand

outersidesrespectively.

Thustheprimaryxylem andprimaryphloem arepushedapartfrom eachother.The

secondaryxylem hastheusualelementsarrangedinverticalandhorizontalsystems.

Metaxylem elementsarefairlylargeinsize.Annualringswithearlywoodandlatewood

areformedasaresultofseasonalactivitiesofthecambium.

Thesecondaryphloem pushestheprimaryoneontheouterside,andthelatterusually

getscrushedduetothepressure.Bandsofsievetubesandassociatedcellsalternate

withbandsofparenchymainthesecondaryphloem;fibresareabsent.Onthewholethe

vascularbundlesincreaseenormouslyinsizeduetocontinuedactivityofthefascicular

cambium.

Theinterfascicularcambium simplyproducesparenchymacellsontheouterandinner

sides.Thusthemedullaryraysbecomeincreasinglymorebroadandlong.Thecells

remainarrangedinmoreorlessradialrows.

The formation ofthe secondarytissues brings aboutprofound changes in other

portionsofthestem.Thecentralpithgetsmoreandmorereducedinextent.Distinct

disruptioninthecontinuouscylinderofsclerenchymaiscausedbytheincrease,sothat

thebandisrupturedhereandthere,commonlyinfrontofthemedullaryrays.

Theadjoiningparenchymacellsfillupthegapsthusformed.Thesecellsgradually

undergosclerosisandareultimatelytransformedintosclereids.They,infact,repair,so

tosay,thegapscausedbytheonrushoftheinternaltissues.



Thebandofhypodermalcollenchymaalsosuffersfrom pressureandbreaksdown

frequently.Theparenchymacellsofthecortexmaketheirwayintothebreaksandthus

occurasstripsamongsthypodermalcollenchyma.

Theepidermisgetsstretchedandruptures.Periderm developsinthesubepidermal

layers.Phellogenisformedinpatches.Theydivideandproduceathicklayerofcork

cellsontheoutersideandconsiderablephelloderm ontheinner.Lenticelsareformed.

SecondaryGrowthinNyctanthesStem

Epidermis

Single-layeredepidermisconsistsofrectangularcells.

Athickuninterruptedcuticleispresentontheepidermis.

Manymulticellularhairsarepresent.

Cortex

Itisdifferentiatedintocollenchymaandparenchyma.

Collenchymaisseveralcellsdeepbelow thefourprotrudedcomerswhileonlyfew
layersdeepattheotherplacesjustbeneaththeepidermis.

Parenchymaispresentbelowthecollenchyma.Manyintercellularspacesarepresent.
Theregionextendsuptothevasculartissue.

Corticalbundles

Fourvascularbundlesarepresentinthecortex,situatedoneeachineachprotruded
bulge.

Eachconicalbundlefacesitspointedxylem endtowardsouterside,i.e.,epidermis,
andisconjoint,collateral,openandexarch.

Thesebundlesmayshowsecondarygrowthatmaturity.

Endodermis

Notwell-developed.Pericycle

Itisintheform ofsclerenchymatouspatches.

VascularSystem

Itconsistsofprimaryphloem,secondaryphloem,cambium,secondaryxylem and



primaryxylem.

Primaryphloem iscrushedandirregularlypresentinpatchesbelowpericycle.

Secondaryphloem ispresentintheform ofacontinuousringandconsistsofsieve
tubes,companioncellsandphloem parenchyma.

Cambium isonetothreecellsthickcontinuouslayerpresentinbetweenphloem and
xylem.

Secondaryxylem ispresentjustinnertothecambialringandconsistsmainlyofthick
walledwoodparenchymaandfibres.Tracheidsandvesselsarealsopresent.

Primaryxylem issituatedjustnearthepithfacingitsprotoxylem towardsthecentre.

Pith

Itisthinwalledandparenchymatous.

Abnormality

AbnormalsecondarygrowthinNyctanthesisduetoabnormalityinprimarystructure
duetopresenceofmedullaryorcorticalbundles.

Thesecorticalbundlesareactuallyleaftracebundles.Secondarygrowthinmedullary
vascularbundlesofNyctanthesisofnormaltypewhichtakesplacethroughatypical
cambialringformationwhilecorticalbundlespresentinfourcornersofthestem.

 Moreofsecondaryxylem isformedontheoutersideandlessofthesecondary
phloem towardsinnerside.

Duetomoretissuedifferentiationtowardsoutsidedistinctridgeswouldbeformedat
thefoursidesofNyctanthesstem.

SecondaryGrowthinDracena-MonocotStem:

Thevascularbundlesofthemonocotyledonousstemsareusuallyclosedones.Thus

duetoabsenceofthecambium,theylacksecondarygrowthinthicknessandthe

vascularsystem iswhollycomposedofprimarytissues.

Thebundlesremainirregularlyscatteredinthegroundtissues,forminganatactostele,

wherethelimitsofcortexandothergroundtissuescanbehardlydiscerned.

SomemonocotyledonsbelongingtothefamilyLiliaceae,suchasDracaena,Yucca,

Agave,Aloeandothersexhibitapeculiartypeofsecondarygrowthinthickness,that



maybecalledanomalousbecauseofunusualphenomenon.

Dracaena is a typicalexample ofanomalous secondary thickening (growth)in

monocots.

DracaenaStem :-

Theyoungstem ofDracaenaistypicalmonocotstem .Thecross-sectionofDracaena

stem showsthefollowingstructure.

Epidermis-Outermostsinglelayerconsistofparenchymatouscellsremainscovered

withthickcuticle.Thelenticelsarealsovisibleontheepidermis.

Hypodermis-Situatedjustbelowtheepidermiscomposedofsclerenchymatouscells.

GroundTissue-Groundtissuesisundifferentiatedparenchymatous.Itisnotdivisible

intocortexandpithduetoabsenceofendodermisandpericycle.

VascularBundles-Severalamphivasalclosedvascularbundlesliescatteredonthe

ground.

AnomalousSecondaryThickeningInDracaena–

InDracaenasecondarygrowthisdueto–

a)Extrastelarcambialringinamonocotsstem atthecortex.

b)Abnormalactivityofcambium.

DuringSecondaryThickening–

Dracaena shows anomalous secondary growth.The cambium appears in the

parenchymaoutsidetheoutermostvascularbundles.Intheregionswhichhaveceased

toelongatesomecellsoccurringoutsidethevascularbundlesbecomemeristematic

andform thecambium.Thesecondarymeristem originatesinthecortex,infact,deep

layersofcortexorpericycle.Herethemeristem willbenamedassecondarythickening

meristem (STM).e.Theactivityofthecambium isabnormal.Insteadofformingphloem

andxylem ontheouterandinnersides,asinnormalcondition,thecambialring



producinglargenumberofsecondarytissuestotheinnersidefirst,andlatersmall

amountofnewtissuesarecutoffontheoutersideaswell.

Thetissuescutoffbythecambialcellsontheoutersidearescantyinamountandare

parenchymatous in nature.The tissues those produced on the innerside ofthe

cambium arepartiallyparenchymatousandpartiallyvascularinnature.

Theparenchymatouscellsproducedinternallytothecambium developedintolignified

conjunctivetissue.Theradialarrangementoftheparenchymacellsofconjunctive

tissueisduetotheiroriginbytangentialdivisionsofthecambialcells.Sotheymaybe

easilydistinguishedfrom theirregularlyarrangedparenchymaoftheprimaryground

tissues.

Usually,thesecondaryvascularbundlesarisefrom asinglecellcalledvascularbundle

initial.Thevascularbundleinitialcelldividebytwoanticlinaldivisiontoform arowof

twoorthreecells.Allthesecellsthenundergoapericlinaldivisiontoform peripheral

cells.Laterdivisionsareirregularandform amassofcells.Inthismassofcells,the

centrally placed cell metamorphoses into phloem cells. The peripheral cells

differentiatedintoxylem.Thus,thenewlyformedsecondaryvascularbundlesconsists

ofacentrallyplacedphloem whichissurroundedbythexylem (amphivasaltype).

Thesecondaryvascularbundlesareamphivasal.Secondaryvascularbundlesarediffer

from theprimaryonesinpresenceofsmallamountofphloem andinabsenceof

annularandspiralprotoxylem elements.Thesmallamountofphloem consistsofshort

sievetubesandcompanioncellsandparenchyma.TheXylem ismadeofonlytracheids,

usuallywithscalariform thickeningandsmallamountofxylem parenchymawhichhave

lignifiedwalls.

Thecambium thencutparenchymacellsinternally.Thenewlyformedparenchymacells

pushthevascularbundlestowardsthecentralregion.

Aftersometimethecambium againbehaveabnormallytoproduceanotherringof

vascularbundles.Thisprocesscontinuesandmanyringsofconcentricallyarranged

vascularbundlesareformed.Thelastringofvascularbundlesisembeddedinamass



oflignifiedconjunctivetissue.

Intheextrastelarregiontheperiderm isformedbecauseoftherepeatedpericlinal

divisionsofthecorticalcells.Herethecorkcells,formedwithouttheappearanceof

corkcambium,arecalledstoried-cork.

Nodalanatomy-Typesofnodesandoriginofbudtraces

Indicotyledonthevascularbundlesareusuallymoreorlessinaringandshowdifferent

arrangements atthe nodes and internodes.The vascularcylinders are generally

continuousattheinternodeandtheircontinuityisinterruptedatthenodalregiondueto

theemergenceofbundlesthatterminateeitherattheleafbases,axillarybudsor

stipulesetc.

Atthenodethreetypesofbundlesarerecognized:

(i)Leaftracebundle:

Thesinglevascularbundlethatconnectstheleafbasewiththemainvascularcylinder

ofstem isdesignatedasleaftracebundle.Inaleaftheremaybeseveralleaftrace

bundlesthatcollectivelyaretermedasleaftraces.

(ii)Caulinebundle:

Thevascularbundlesthatentirelyform thevascularsystem ofstemsareknownas

caulinebundles.Sometimesthesebundlesanastomosewitheachotherandextend

from stem toleafasleaftraces.

(iii)Commonbundle:

Thevascularbundles,whichrununbranchedthroughafew successivenodesand

internodesandultimatelyterminateasleaftracesarecalledcommonbundles.

Thearrangementofvasculartissuesatthenodesismorecomplexthantheinternodes

duetoemergenceofvasculartracestotheleaves,buds,stipulesetc.,presentatthe

node.

i.Leaftraceandleafgap(Fig.17.1A,B&C):



Aleaftraceisdefinedasthecaulinepartofvasculartissuethatdepartsfrom thestele

ofstem towardsleafbase.Leaftracemaybeaportionofcaulinebundleasitoccurs

withinthecaulis,thatis,stem.Caulinebundlesentirelyform thevascularsystem of

stems.

Sometimescaulinebundledepartsfrom thesteletowardsleafbasethusformingleaf

trace.Leaftraceisseeninthenodalregionofstem.Leaftraceisanindependent

bundlethatmayoccurthroughoneormorenodesandinternodesbeforebendingaway

from thestem towardtheleaf.

Aleaftraceoriginatesfrom theapicalmeristem ofleafprimordium.Aftercomplete

differentiationitjoinswiththevasculartissueofstem.Apartfrom leaftraceother

vascularstrandsentirelyoccurinthestem.Theyconstitutethecauline(=stem)bundle.

Theyoriginatefrom apicalmeristem ofshootapex.Somecaulinebundlesmaybend

towardsleafthusformingleaftraceandthesebundlesarereferredtoascommon

bundles.

Inthenodalregion,aleaftracebendsawayfrom thevascularcylinderofstem toward

thepetioleofleaf.From thebaseofpetioleleaftraceextendsintoleafbladewherethe

traceformsvascularbundleofleaf.Inthestem phloem occursontheperipheralsideof

vascularcylinder.



Astheleaftraceisbentawayfrom thevascularcylindertowardpetiolephloem inthe

vascularbundleofleafoccursontheabaxialsideofleaf(Fig.17.2A).Asaresultthe

vascularbundleofleafhasaninvertedorientationofxylem andphloem inrelationto

vascularbundleofstem.

Across-sectionthroughnoderevealsthat,thereisabreakinthevascularcylinderof

stem,thatis,thevascularcylinderisnotintheform ofacontinuousring.Inthisregion

thevasculartissueisinterruptedandparenchymacellsfillthegap.Pithandcortexare

continuousthroughthisgap(Fig.17.6).

Suchregionisreferredtoasleafgapandoccursoppositetoleaftrace.Aleafgapis

definedasthewideinterfascicularregionthatislocatedoppositetheupperpartofleaf

traceandisfilledupwithparenchymacellsthroughwhichpithandcortexbecome

continuous.

Thereexistmanyvariationsinthenumberofleafgapsandthenumberofleaftracesin

differentplants.Thevariationmaybedifferentinthesameplantatdifferentlevels,e.g.

Hypecoum procumbens—thelowernodeofwhichhasthreetracesperleafwhereasthe

uppernodeshavesingletraceperleaf.Thevariationsaresubjectsofcomparative

studiesandthereforehavetaxonomicandphylogeneticsignificance.

Atactosteleisthecharacteristicofmonocotstem andthearrangementofvascular

strandsatthenodeishighlycomplex.Comparativelytheanatomyatthenodeof

dicotyledonousstem islesscomplex.Todescribethenodalanatomyofstem different



termsareused.

Intheterminologytheterm lacunareplacestheterm gap.Dicotyledonousnodesare

verysuitabletostudythenodalanatomyandthedifferentterminologyusedtodescribe

theanatomyofnodesischieflybasedondicotyledons.

Thefollowingtypesofanatomyatnodesindicotsarerecognized:

(a)Unilacunarsingle-tracenode:

Thistypeofnodeexhibitsoneleaftracetoaleafandtheleaftraceisassociatedwith

onelacuna.Ex.Spiraea.Unilacunarnodesareexstipulate(Figs.17.3&17.4A).

(b)Unilacunartwo-tracenode:

Thistypeofnodehastwoleaftracestoasingleleafandonelacuna.Thetwoleaf

tracesareassociatedwiththesinglelacuna.Ex.Clerodendron(Fig.17.3).

(c)Trilacunarnode:

Thistypeofnodehasthreeleaftracestoaleafandthreelacunae.Eachtraceis

associatedwithsinglelacuna(Fig.17.4B).Ex.Salix.Amongthethreetraces,thetrace

thatoccursinthemedianpositionwithreferencetoleafisreferredtoasmediantrace.

Theothersarecalledlateraltraces.Thistypeofnodehasstipules.

(d)Multilacunarnode:

Thistypeofnodehasmorethanthreetracestoaleafandmorethanthreelacunas.

Eachtraceisconfrontedwithsinglelacuna.Ex.Rumex.Multilacunarnodeisexhibited

intheplantsthathavesheathingleafbases.

Itistonotethatthetermsunilacunar-,trilacunar-andmultilacunarnodeareappliedwith

referencetoasingleleaf.Inthissenseinunilacunarnodeeachleafisassociatedwith

onelacuna.Anodemayconsistmorethanoneleaf.Across-sectionofsuchnode

revealsthepresenceofmorethanonelacunaandmorethanoneleaftrace.

Suchnodeistobereferredinrelationtothenumberoflacuna(s)associatedtoasingle

leaf,thatis,in trilacunarnode one leafis associated with three lacunas and in



multilacunarnodeoneleafisassociatedwithseverallacunas.Inotherwords,whatever

maybethenumberofleavespresent,anodeischaracterizedwithreferencetothe

numberoflacuna(s)presentinasingleleaf.

Inunilacunarnodealeafhasonetrace,intrilacunarnodethreetracesdiversetoa

singleleafandinmultilacunarnodeseveraltracesarepresentinasingleleaf.Usually

onegapisassociatedwithonetracebutintwo-traceunilacunarconditiontwoleaf

tracesconfronttoasinglegapandinthree-traceunilacunarconditionthreeleaftraces

areassociatedtoasinglegap(Figs.17.3&17.4C).

Itismentionedpreviouslythataleafgapisidentifiableatthenode.Ininternodealso

leafgapsmaybeidentifiedwhenaleaftracehasobliquecoursethroughapartofthe

internode.Studiesonthecross-sectionofinternode,iffollowedlevelbylevel,willreveal

position(s)ofleafgap(s)andthecontinuitybetweengroundtissueandpith.



A definitenodaltypegenerallycharacterizesataxon.Unilacunarnodeisfoundin

CentrospermaeandincertainmembersofMyrtaceae(Eucalyptus),Lauraceae(Laurus)

etc.Trilacunarnode occurs in Compositae (Chrysanthemum),Salicaceae (Salix),

Brassicaceae(Brassica)etc.MultilacunarnodeisobservedinPolygonaceae(Rumex)

etc.

Theanatomyofthenodeisregardedanimportantaspectinthestudyofphylogenyin

dicotyledons,sinceadefinitenodaltypecharacterizesataxon.AccordingtoSinnott

(1914)trilacunarnodeisprimitiveamongdicotyledons.Duringevolutionitgaveriseto

unilacunartypebyreductioninthenumberofgapsandtraces.

Reduction occurred eitherbythedisappearance ofthetwo lateralgapswith the

associatedtwolateraltracesorthetwolateraltracesbecameconfluentwiththe

mediantrace.Inthelattercaseasinglebundleisformedconsistingofthreetraces.

Thisbundleisassociatedwithasinglegaptoform unilacunarnode.

Trilacunarconditionalsogaverisetomultilacunartypebytheformationofmorenew

gapsandtraces.Thoughunilacunarconditionisconsideredasadvanced,laterstudies

onnodalanatomybyBailey(1956),FahnandBailey(1957)andothersrevealthat

unilacunarconditionisprimitiveasthistypeisfoundinsomeprimitivegroupslike

pteridophyta,fossilgymnosperms like Bennettitales and Cordaitales,Ginkgo and

Ephedra.



Unilacunartwo-tracenodealsoseemstobeprimitiveasitisrepresentedbyextinct

CordaitalesandBennettitales,andextantferns,conifers,Ephedraandtheprimitive

dicotyledonousgenusAustrobaileyaetc.

Trilacunarnode is widespread and is exhibited in the families like Winteraceae,

Meliaceae,RosaceaeandAsteraceaeetc.DegeneriaceaeandChenopodiaceaeetc.

exhibitmultilacunarcondition.Lepidium latifolium hasunilacunarnodewithseveralleaf

traces.Itisregardedasmoreprimitivethantheunilacunarone-tracenode.

Previouslythenodalstructuresweredescribedonthebasisofnumberofleaftraces

thatareassociatedwitheachleaf,e.g.one-trace,two-trace,three-traceandmulti-trace.

Laterthenodalanatomyisinterpretedonthebasisofleafgapsthatareassociatedwith

eachleaf,e.g.unilacunar,trilacunarandmultilacunar.Stilllaterleafgapandleaftrace

—thesetwoaspectswerecombinedtodescribeanode,e.g.unilacunar-onetrace,

unilacunar-twotraceetc.

Beforethediscoveryofunilacunartwo-tracenode,trilacunarnodewasregardedas

centraltypefrom whichunilacunarandmultilacunarnodearose.Itisinterpretedthat

unilacunarnodeismoreadvancedthantrilacunarnode.

Laterinthelightofabovefactsitisnow interpretedthattheevolutionofnodal

structureproceededinthefollowingtwosequences:

(i)Two trace unilacunargave rise to trilacunar,which terminated in multilacunar

condition;

(ii)Two-traceunilacunar,bythelossofonetrace,gaverisetoonetraceunilacunarthat

formedtrilacunarnodebytheadditionoftwonewgapsassociatedwithtwotraces.

Themultilacunarconditionisderivedfrom thetrilacunartypebytheadditionofmore

newtracesandgaps(Fig.17.5).Thisevolutionarysequencemaybeobservedinasingle

familynamelyChenopodiaceae.Thetrilacunartypemayalsogiverisetoonetrace

unilacunarcondition.



ii.Branchtraceandbranchgap:

Branchtracecanbedefinedasthevasculartracethatoriginatesfrom thevascular

cylinderofstem andenterstoabranch.Thepositionoftheoriginofabranchisfrom

the axilofa leaf(Fig.17.4A).In this position the vascularcylinderofstem is

discontinuous.Parenchymaoccupiesthisregionasobservedinacross-sectionofstem

atnode.

Thisinterruptedregionofvascularcylinderduetothepresenceofbranchtraceis

designatedasbranchgap.Twobranchtracesareassociatedtoasingleleafgap.

Branchtracedirectlydivergestoabranchfrom themainvascularcylinderofstem

withoutrunningobliquelythroughtheinternode.

Thebranchtracesdepartfrom themainvascularcylinderofstem towardrightandleft

ofthemedian leaftrace.Afterashortdistancethetracescoalesceand form a

completestelesimilartomainvascularcylinder.Sothevascularbundleofbranchhas

thesameorientationofxylem andphloem inrelationtothevascularbundleofstem.

Itispreviouslymentionedthatbranchdevelopsfrom axillarybudthatoriginatesonthe

stem attheaxilofleaves.From thetimeofinitiationthebudsareconnectedbyvascular

tracestothevascularstrandsonthemainaxis.Thesevasculartracesarereferredtoas

budtraceorbranchtraceorramulartrace.



Axillarybudsform axillaryshootswhosefirstfoliarstructuresaretheprophylls.In

dicotyledons,usuallytwobranchtracesemergeoutfrom thevascularcylinderofstem.

Inexceptionalcasesthebranchtracemaybeone(e.g.Peperomia,Cayratiaetc.)or

morethantwo.Sometimesmedullarybundlesmayenterintothebud(Ex.Dahlia).

Incaseofsinglebranchsupplythevascularcylinderappearsascrescentorhorseshoe

shapedincrosssectionalviewwiththeopeningdownward.Afterashortdistancethe

openingclosesandthecylindricalsteleofthebranchisformed.Whenthebranch

tracesaremorethanonetheycoalesceafterashortdistance,formingacompletestele

similartothatofthemainaxis.

Indicotyledonsthereoccurstwoprophylls,whichareorientedinsuchawaythattheir

planeofbisectionisparallelwiththeplaneoftheaxillantleaf.Initiallytwobranchtraces

supplytheprophylls.Thebranchtracesarecomposedofoneormorebundlesthatlater

increaseinsizeduetotheformationofvasculartracestotheotherleavesofthebranch,

situatedabove.Thusthebranchtraces,areactuallytheleaftracesoftheaxillaryshoot.

Thecontinuityofthevascularcylinderofstem isinterruptedatthenodalregiondueto

theemergenceofbranchtraces.Atthisregionandabovethepointofdeparture

parenchymadifferentiatesinsteadofvasculartissues.Theparenchymatousareainthe

vascularcylinderofstem atthenodeimmediatelyabovethebranchtraceisthebranch

gapthroughwhichpithandcortexbecomecontinuous.

Branchgapoccursinthosevascularplants,whichhavepith.Inpteridophytes,wherethe

vascularcylinderisprotosteleanddevoidofpith,branchgapisabsent.Sothebranch

gapinassociationwithleafgapresultsintheformationdissectedsiphonostele.

Thereexistsadefinitecorrelationbetweenleaf—andbranchtrace.Asseenincross-

sectionofastem atnodealeaftraceoccursontheperipheralside.Itisfollowedby

branchtracetowardstheinnerside(Fig.17.3).Anodethatbearsasingleleafexhibits

thefollowingsequencesfrom peripherytowardscentre—leaftrace,branchtraceand

leafgaponthesidewheretheleafisinserted.



Whentherearetwoleavesineachnodetheabovementionedsequencesofleaf—and

branchtraceandleafgapareobservedontheoppositesidesinacross-sectionofstem

atnode.Inlongitudinalsectionthepositionsofbranchgapandleafgap(Fig.17.2B),

andtheirrelationcanbeobservedindividually.
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MicrosporogenesisandMegasporogenesis

Sexualreproductiontakesplacewithslightvariationsindifferentgroupsofplants.

Plantshavetwo distinctstagesin theirlifecycle:thegametophytestageand the

sporophytestage.Thehaploid gametophyte producesthemaleandfemalegametesby

mitosisindistinctmulticellularstructures.Fusionofthemaleandfemalesgametes

formsthediploidzygote,whichdevelopsintothe sporophyte.Afterreachingmaturity,



thediploidsporophyteproducessporesbymeiosis,whichinturndividebymitosisto

producethehaploidgametophyte.Thenew gametophyteproducesgametes,andthe

cycle continues. This is the alternation of generations, and is typical of

plantreproduction.

The life cycle ofhigherplants is dominated by the sporophyte stage,with the

gametophyteborneonthesporophyte.Inferns,thegametophyteisfree-livingandvery

distinctinstructurefrom thediploidsporophyte.Inbryophytes,suchasmosses,the

haploidgametophyteismoredevelopedthanthesporophyte.

Duringthevegetativephaseofgrowth,plantsincreaseinsizeandproduceashoot

system andarootsystem.Astheyenterthereproductivephase,someofthebranches

startto bearflowers.Manyflowersarebornesingly,whereassomearebornein

clusters.Theflowerisborneonastalkknownasareceptacle.Flowershape,color,and

sizeareuniquetoeachspecies,andareoftenusedbytaxonomiststoclassifyplants.

SexualReproductioninAngiosperms

Thelifecycleofangiospermsfollowsthealternationofgenerationsexplainedpreviously.

Thehaploidgametophytealternateswiththediploidsporophyteduringthesexual

reproduction process of angiosperms.Flowers contain the plant’s reproductive

structures.

FlowerStructure

A typicalflowerhas fourmain parts—orwhorls—known as the calyx,corolla,

androecium,andgynoecium (Figure 2).Theoutermostwhorloftheflowerhasgreen,

leafystructuresknownassepals.Thesepals,collectivelycalledthecalyx,helpto

protecttheunopenedbud.Thesecondwhorliscomprisedofpetals—usually,brightly

colored—collectively called the corolla.The numberofsepals and petals varies

dependingonwhethertheplantisamonocotordicot.Inmonocots,petalsusually

numberthreeormultiplesofthree;indicots,thenumberofpetalsisfourorfive,or

multiplesoffourandfive.Together,thecalyxandcorollaareknownasthe perianth.



The third whorlcontains the male reproductive structures and is known as the

androecium. The androecium has stamens with anthers that contain the

microsporangia.Theinnermostgroupofstructuresinthefloweristhe gynoecium,or

the female reproductive component(s).The carpelis the individualunitofthe

gynoecium andhasastigma,style,andovary.A flowermayhaveoneormultiple

carpels.

Iftheantherismissing,whattypeofreproductivestructurewilltheflowerbeunableto

produce?Whatterm isusedtodescribeanincompleteflowerlackingtheandroecium?

Whatterm describesanincompleteflowerlackingagynoecium? Pollen(orsperm);

carpellate;staminate.

Ifallfourwhorls(thecalyx,corolla,androecium,andgynoecium)arepresent,theflower

isdescribedascomplete.Ifanyofthefourpartsismissing,theflowerisknownas

incomplete.Flowersthatcontainbothanandroecium andagynoecium arecalled

perfect,androgynousorhermaphrodites.Therearetwotypesofincompleteflowers:

staminateflowerscontainonlyanandroecium,andcarpellateflowershaveonlya

gynoecium (Figure3).

Figure3. Thecornplanthasbothstaminate(male)andcarpellate(female)flowers.



Staminateflowers,whichareclusteredinthetasselatthetipofthestem,produce

pollengrains.Carpellateflowerareclusteredintheimmatureears.Eachstrandofsilkis

astigma.Thecornkernelsareseedsthatdevelopontheearafterfertilization.Also

shownisthelowerstem androot.

Ifbothmaleandfemaleflowersareborneonthesameplant,thespeciesiscalled

monoecious(meaning“onehome”):examplesarecornandpea.Specieswithmaleand

female flowers borne on separate plants are termed dioecious,or“two homes,”

examplesofwhichare C.papaya and Cannabis.Theovary,whichmaycontainoneor

multipleovules,maybeplacedaboveotherflowerparts,whichisreferredtoassuperior;

or,itmaybeplacedbelowtheotherflowerparts,referredtoasinferior(Figure4).

Figure4. The(a)lilyisasuperiorflower,whichhastheovaryabovetheotherflower

parts.(b)Fuchsiaisaninferiorflower,whichhastheovarybeneathotherflowerparts.

(creditaphoto:modificationofworkbyBenjaminZwittnig;creditbphoto:modification

ofworkby“KoshyKoshy”/Flickr)

MaleGametophyte(ThePollenGrain)

Themalegametophytedevelopsandreachesmaturityinanimmatureanther.Ina

plant’smalereproductiveorgans,developmentofpollentakesplaceinastructure

knownasthe microsporangium (Figure5).Themicrosporangia,whichareusuallybi-

lobed,arepollensacsinwhichthemicrosporesdevelopintopollengrains.Theseare

foundintheanther,whichisattheendofthestamen—thelongfilamentthatsupports



theanther.

Figure5. Shownis(a)acrosssectionofanantherattwodevelopmentalstages.The

immature anther (top) contains four microsporangia, or pollen sacs. Each

microsporangium containshundredsofmicrosporemothercellsthatwilleachgiverise

tofourpollengrains.Thetapetum supportsthedevelopmentandmaturationofthe

pollengrains.Uponmaturationofthepollen(bottom),thepollensacwallssplitopen

andthepollengrains(malegametophytes)arereleased.(b)Inthesescanningelectron

micrographs,pollen sacs are ready to burst,releasing their grains.(creditb:

modificationofworkbyRobertR.Wise;scale-bardatafrom MattRussell)

Withinthemicrosporangium,themicrosporemothercelldividesbymeiosistogiverise

tofourmicrospores,eachofwhichwillultimatelyform apollengrain(Figure6).An

innerlayerofcells,known as the tapetum,provides nutrition to the developing

microsporesandcontributeskeycomponentstothepollenwall.Maturepollengrains

contain two cells:agenerativecelland apollen tubecell.Thegenerativecellis

containedwithinthelargerpollentubecell.Upongermination,thetubecellformsthe

pollentubethroughwhichthegenerativecellmigratestoentertheovary.Duringits

transitinsidethepollentube,thegenerativecelldividestoform twomalegametes

(sperm cells).Uponmaturity,themicrosporangiaburst,releasingthepollengrainsfrom

theanther.



Figure6. Pollendevelopsfrom themicrosporemothercells.Thematurepollengrainis

composedoftwocells:thepollentubecellandthegenerativecell,whichisinsidethe

tubecell.Thepollengrainhastwocoverings:aninnerlayer(intine)andanouterlayer

(exine).TheinsetscanningelectronmicrographshowsArabidopsislyratapollengrains.

(credit“pollenmicrograph”:modificationofworkbyRobertR.Wise;scale-bardatafrom

MattRussell)

Each pollen grain has two coverings: the exine (thicker, outer layer) and

the intine (Figure 6).The exine contains sporopollenin,a complex waterproofing

substancesuppliedbythetapetalcells.Sporopolleninallowsthepollentosurviveunder

unfavorableconditionsandtobecarriedbywind,water,orbiologicalagentswithout

undergoingdamage.

FemaleGametophyte(TheEmbryoSac)

Whilethedetailsmayvarybetweenspecies,theoveralldevelopmentofthefemale

gametophytehastwodistinctphases.First,intheprocessof megasporogenesis,a

singlecellinthediploid megasporangium—anareaoftissueintheovules—undergoes

meiosistoproducefourmegaspores,onlyoneofwhichsurvives.Duringthesecond

phase, megagametogenesis,thesurvivinghaploidmegasporeundergoesmitosisto



produce an eight-nucleate,seven-cellfemale gametophyte,also known as the

megagametophyteorembryosac.Twoofthenuclei—the polarnuclei—movetothe

equatorandfuse,formingasingle,diploidcentralcell.Thiscentralcelllaterfuseswith

asperm toform thetriploidendosperm.Threenucleipositionthemselvesontheendof

theembryosacoppositethemicropyleanddevelopintothe antipodal cells,whichlater

degenerate.Thenucleusclosesttothemicropylebecomesthefemalegamete,oregg

cell,andthetwoadjacentnucleidevelopinto synergid cells(Figure7).Thesynergids

helpguidethepollentubeforsuccessfulfertilization,afterwhichtheydisintegrate.

Oncefertilizationiscomplete,theresultingdiploidzygotedevelopsintotheembryo,and

thefertilizedovuleformstheothertissuesoftheseed.

Adouble-layeredintegumentprotectsthemegasporangium and,later,theembryosac.

Theintegumentwilldevelopintotheseedcoatafterfertilizationandprotecttheentire

seed.Theovulewallwillbecomepartofthefruit.Theinteguments,whileprotectingthe

megasporangium,do not enclose it completely,but leave an opening called

the micropyle.Themicropyleallowsthepollentubetoenterthefemalegametophyte

forfertilization.

Figure7.Asshowninthisdiagram oftheembryosacinangiosperms,theovuleis

coveredbyintegumentsandhasanopeningcalledamicropyle.Insidetheembryosac

arethreeantipodalcells,twosynergids,acentralcell,andtheeggcell.

Anembryosacismissingthesynergids.Whatspecificimpactwouldyouexpectthisto

haveonfertilization?



1.Thepollentubewillbeunabletoform.

2.Thepollentubewillform butwillnotbeguidedtowardtheegg.

3.Fertilizationwillnotoccurbecausethesynergidistheegg.

4.Fertilizationwilloccurbuttheembryowillnotbeabletogrow.

DevelopmentofDicotandMonocotEmbryo

Readthisarticletolearnaboutthestructure,typesanddevelopmentoftheembryoin

floweringplants

Embryogenyisthesum totalofchangesthatoccurduringthedevelopmentofa

matureembryofrom azygoteoroospore.

(a)EmbryogenyinDicots:

Inatypicaldicot(Fig.2.30)thezygoteelongatesandthendividesbyatransversewall

intotwounequalcells(SchulzandJensen,1969).



Thelargerbasalcelliscalledsuspensorcell.Theothertowardstheantipodalendis

termedasterminalcellorembryocell.Thesuspensorcelldividestransverselyafew

timesto produceafilamentoussuspensorof6-10 cells.Thesuspensorhelpsin

pushingtheembryointheendosperm.

Thefirstcellofthesuspensortowardsthemicropylarendbecomesswollenand

functionsasahaustorium.Thehaustorium haswallingrowthssimilartotransfercells

(SchulzandJensen,1969).Thelastcellofthesuspensorattheendadjacenttothe

embryoisknownashypophysis.Hypophysislatergivesrisetotheradicleandrootcap.

Theembryocellundergoestwoverticaldivisions(quadrantstage)andonetransverse

divisiontoform eightcellsarrangedintwotiers(octantstage)epibasal(terminal)and

hypobasal(nearthesuspensor).Theepibasalcellseventuallyform thetwocotyledons

andtheplumule.Thehypobasalcellsproducethehypocotylexceptitstip.

Theeightembryoniccellsoroctantsdividepericlinallytoproduceanouterlayerof

protoderm ordermatogen.Theinnercellsdifferentiatefurtherintoprocambium (=

plerome)andgroundmeristem (=periblem).Protoderm formsepidermis,procambium

givesrisetostealorvascularstrandandgroundmeristem producescortexandpith.

Initiallytheembryoisglobularandundifferentiated.Earlyembryowithradialsymmetry

iscalledproembryo.Itistransformedintoembryowiththedevelopmentofradicle,

plumuleandcotyledons.

Twocotyledonsdifferentiatefrom thesideswithafaintplumuleinthecentre.Atthis

timetheembryobecomesheart-shaped.Therateofgrowthofthecotyledonsisvery

highsothattheyelongatetremendouslywhiletheplumuleremainsasasmallmoundof

undifferentiatedtissue.

StructureofDicotEmbryo:

Atypicaldicotyledonousembryo(Fig.2.30H)consistsofanembryonalaxisandtwo

cotyledons.Thepartofembryonalaxisabovethelevelofcotyledonsiscalledepicotyl.

Itterminateswiththestem tip,calledplumule(futureshoot).Thepartbelowthelevelof



cotyledonsiscalledhypocotylwhichterminatesintheroottipcalledradicle(future

root).Theroottipiscoveredwitharootcap(calyptra).

InCapsellabursa-pastoris,theelongatingcotyledonscurveduetothecurvingofthe

ovuleitself.Withthegrowthofembryo,theovuleenlarges.Itsintegumentsultimately

becomehardtoform protectivecoverings.

Now theembryoundergoesrestandtheovulegetstransformedintoseed.Insome

plantstheembryoremainsintheglobularorsphericalform evenatthetimeofseed

shedding withoutshowing anydistinctionofplumule,radicleand cotyledons,e.g.,

Orobanche,Orchids,Utricularia.

(b)EmbryogenyinMonocots:

Thezygoteoroosporeelongatesandthendividestransverselytoform basaland

terminalcells.Thebasalcell(towardsmicropylarend)producesa largeswollen,

vesicularsuspensorcell.Itmayfunctionashaustorium.Theterminalcelldividesby

anothertransversewalltoform twocells.

Thetopcellafteraseriesofdivisionsformsplumuleandasinglecotyledon.Cotyledon

calledscutellum,growsrapidlyandpushestheterminalplumuletooneside.The

plumulecomestolieinadepression.



Themiddlecell,aftermanydivisionsformshypocotylandradicle.Italsoaddsafew

cellstothesuspensor.Insomecerealsbothplumuleandradiclegetcoveredby

sheathsdevelopedfrom scutellum calledcoleoptileandcoleorhizarespectively.

StructureofMonocotEmbryo:

Theembryosofmonocotyledons(Fig.2.31H)haveonlyonecotyledon.Ingrassfamily

(Gramineae),thiscotyledoniscalledscutellum.Itissituatedtowardslateralsideof

embryonalaxis.Thisaxisatitslowerendhasradicleandrootcapenclosedinasheath

calledcoleorhiza.

Thepartofaxisabovethelevelofattachmentofscutellum iscalledepicotyl.Ithasas

shootapexandfewleafprimordiaenclosedinahollowfoliarstructurecalledcoleoptile.

Epiblastrepresentsrudimentsofsecondcotyledon.

Ovule-types,developmentoffemalegametophyteandfertilization

OvuleDefinition

Theovuleispartofthemakeupofthefemalereproductive organ inseedplants.It’sthe

placewherefemalereproductivecellsaremadeandcontained,anditiswhateventually



developsintoaseedafter fertilization,onlyfortheseedtothenripenandproducea

completeadult plant.Ovulesarecontainedinovariesatthebottom ofavase-like

structure,thecarpel,whichhasaneckcalledastyleandanopeningatthetop,calleda

stigma.

Afterfertilization the ovule starts to swelland its wallstarts to toughen up in

preparationtobecomeaseed,whilethe ovary startstogrowarounditandbecomesthe

fruit.Keepinmindthatsomeplants,liketheavocado,haveasingleovuleintheirovary,

whileothers,likethekiwifruit,havemany,whichdevelopintomanyseedsinthefruit.

Anotherwaythatplantsdifferwithregardstotheirovulesistheplacewheretheovules

arefound.Specifically,in gymnosperms,suchasconifers,theovulesarefoundonthe

scalesoffemalecones,whilein angiosperms,whicharefloweringplants,theovulesare

foundinsideoftheovarywithinthecarpel.

ComponentsofOvules

Theovuleismadeupofthenucellus,theintegumentsthatform theoutermostlayer,

and the female gametophyte (called an embryo sac in flowering plants),which are

foundattheverycenter.

TheNucellus

Thenucellusisthelargestpartoftheovule.Ithousestheembryosacaswellas

nutritive tissue andactuallyremainspresentinsomefloweringplantsafterfertilization

asasourceofnutrientsfortheembyo.

TheInteguments

Theintegumentisthetoughouterprotectivelayeroftheovule.Inthediagramsbelow

wecanseethatgymnosperms,suchaspinetreesandsprucetrees,usuallyhaveone

integumentinanovule,sowecallthem unitegmic.Ontheotherhand,angiosperms,like

maplesanddaisies,typicallyhavetwointeguments,andwecallthem bitegmic.The



integumentenclosesthenucellusexceptforasmallgap,whichiscalledthe micropyle.

Plantovules

TheFemaleGametophyte

Thisisthepartoftheovulesthatcontainsthe gamete-producingsexorgans,whichare

criticalfor sexualreproduction.The female gametophyte containsa single setof

unpairedchromosomes,meaningthatit’s haploid.Notethatitiscommonlycalledthe

embryosacor megagametophyte.

TypesofOvules

Ovuleshavebeenseparatedintosixcategoriesbasedontheirshapes:

Orthotropous(Atropous)

Thisiswherethebodyoftheseovulesisstraightsothatthechalaza,wherethe

nucellusandintegumentsmerge,the funicle,whichattachestheovuletothe placenta,

andthe micropyle areallaligned.

Anatropous

Inthiscase,theovulesbecomecompletelyinvertedduringdevelopmentsothatthe

micropyleliesclosetothehilum.Thehilum isascarthatmarksthepointwherethe

seedwasattachedtothefruitwallbythefunicle.



Hemi-anatropous

Thebodyoftheseovulesbecomesatarightangleinrelationtothefunicle,soitlooks

liketheovuleislyingonitsside.

Campylotropous

Thebodyofthistypeisbentandthealignmentbetweenthechalazaandmicropyleis

lost.Theembryosacisonlyslightlycurved.

Amphitropous

Thebodyoftheovuleisverymuchcurvedthattheembryosacandtheovuleitselftake

theshapeofahorseshoe.

Circinotropous

Thefunicleinthiscaseisespeciallylongthatitcreatesanearlyfullcirclearoundthe

ovulewhosemicropyleisultimatelypointingupwards.

FunctionsofOvules

Theovuleplaysavitalroleinsexualreproduction.Oncea pollen grainlandsonthe

stigmaofaflowerofitssame species,itsendsoutapollentubedownthroughthestyle.

Thistubethenenterstheovaryandreachestheovuleoftheplant.Oncethatoccurs,

fertilizationcanariseasthenucleusofthepollengrainissentdownthetubetomerge

withthenucleusintheembryosac.Notethatthemalealternativetotheovuleispollen,

whichcontainsthemalegametophytes.


