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STUDIESONSTOMATALINDEX(S.I)AND
ASSOSIATEDFEATURESAMONGSTTEN

DIFFERENTMedicagoL.Spp.FORASSESSING
THESPECIESINTER-RELATIONSHIPS
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Abstract:ThefoliarepidermalandstomatalfeaturesofallthetenMedicagoLspeciesincludedinthisinvestigation
havepresentedthesamegeneralpatterns.Amphistomaticleaves,frequencyofstomataappreciablyhigheratthe
abaxialsurfacesascomparedtoadaxialonesandtypicalanomocyticstomataltypesinallthetaxatendtoindicatethat
thespeciesselectedforstudieshereform anaturalassemblagewithinthegenusMedicago.

However,thequantitativedatapertainingtoStomatalIndex(S.I)andotherassociatedfeatureshave
thrownquiteusefullightonthespeciesinter-relationships.Thedatarecordedco-ordinatelyintermsofmeanstomatal
lengthandtotalstomatalfrequency/mm2intheform ofpictorialgraphhaveclearlyindicatedattheveryfirstglance,
formationofdifferentclustersamongstthespecies.Morevaluableinformationsintermsofspeciesinter-relationships
appeartohavebeenprovidedbytheStomatalIndex(S.I)data.TheS.IvalueshaveindicatedclosestaffinityamongstM.
interexta(21.90%),M.rugosa(21.85%)andM .polymorpha(21.75%)andalmostacloseraffinityofthisgroupof
specieswithM.scutellata (22.00%).TheS.IvalueshavesuggestedthatM.sativa(19.80%)standsclosesttoM.
orbicularis (19.39%).Theincreaseinploidylevelofsomeoftheselectedtaxa,didnotseem toaffectthestomatal
counts/mm2aswellastheirsize.

Keywords:Frequencyofepidermalcells/mm2,Stomatalfrequencies/mm2,Meanstomatallengths,
StomatalIndex(S.I),pictorialgraphicrepresentation,speciesinter-relationships.

INTRODUCTION:
PopularlyknownasMedick,LucerneaswellasAlfalfathegenusMedicagoL.ofthetribeTrifolieae

happenstobeanagronomicallyaswellaseconomicallyveryimportantFabaceousmember.Capableofgrowingunder
diverseagro-climaticconditions,thespeciesaremainlyherbaceousperennialsaswellasannuals(LesinsandLesins,
1979).TheyaresaidtobenativeofIranandfoothillsandmountainsofmiddleAsia.Ladakhisdesignatedasoneofthe
centresoforiginofMedicagobyDeCandole(1967).MedicsarewidelycultivatedinUSA,ArgentinaandIndia.Theplants
areusedparticularlyaspasturage.However,duringlast2-3decades,theimportanceofthislegumehasbeenwidely
realisedasaproteinrichfodderforallkindsoflivestocks.

TheannualMedicagogroupissaidtoberepresentedinnaturebyabout30species(LesinsandLesins,
loc.Cit.).Intheirreview ofbreedingannualmedicsforAustralianconditions,Crawford,LakeandBoyce(1989)have
emphaticallyreferredtoonly13importantspeciesincludingM.aculeata,M.arabica,M.intertexta,M.littoralis,M.rugosa,
M.scutellata,M.tornata,M.truncatula,M.turbinata.ThoughIndiaisahomeofabouteightspecies(WealthofIndia-
1962),includingM.falcata,M.polymorpha,(Syn.M.denticulata)andM .lupulina,M.sativahappenstobethemost
popular,presentlywidelyadaptedspecies.Mehra(1971)hasopinedthatM.sativahasbeenoneoftheimportantforage
cropsintroducedintoIndia.

Heyn(1963)observed thatamongstmembersofgenusMedicago,onefindsgreatdifficultiesin
identification,classificationandelucidationoftheirphylogeneticrelationshipsduetoextremedegreeofvariationsin
theirvegetativeaswellaspodcharactersandmoreimportantlyduetooccurrenceofintermediateformswithinthe
species.AhmedandTaia(1974)usingnumericaltaxonomicparametershavealsorevealedpartialagreementwith
Heyn’sconcept.

Atthisjuncture,itbecomesveryimportanttomentionheretheobservationsmadebyMuniret.al.(2011).
Whilestudyingthe“taxanomicpotentialoffoliarepidermalanatomyamongtenwildculinaryvegetables”,includingonly
twofrom Medicagospecies(M.falcataandM.polymorpha),theyhaveobservedthat“asfarasweknow,noliteratureis
availableonthequantitativeanalysisoffoliarepidermalfeaturesofMedicago species”andtheireffortsonboththe
abovementionedspeciesinthisdirectionisprobablythefirstattempt.EncouragedwithaboveobservationofMunir
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et.al.(loc.cit.),thepresentquantitativestudiesonaltogethertenMedicagospecies havebeentakenuphereinthe
minutestdetailsandsomeextremelyvaluabletaxonomicandphylogeneticdatahavebeentriedtobeobtained.

MATERIALANDMETHODS:
TheseedsofmajorityofthetendifferentMedicago L.speciesnamelyM.intertexta(L)Mill(2n=2x=16),

M.littoralis.Rhode(2n=2x=16),M .lupulinaL(2n=2x=16),M.orbicularis(L)Bartal(2n=2x=16),,M.polymorphaL
(2n=2x=14),M.rugosaDesr.(2n=4x=30),M.sativaL(2n=4x=32),M.scutellata(L.)Mill(2n=4x=30),M.tornata(L.)Mill
(2n=4x=32),M.truncatulaGarten(2n=2x=16),.,wereobtainedthroughthecourtseyofNBPGR,Pusacomplex,NewDelhi
aswellasBirsaAgricultureUniversity,Kanke,Ranchi,butforM .lupulinaandM.polymorpha,whichwerecollectedlocally
from PatnaUniversityCampus.TheseedsweregrownintheexperimentalgardenofDepartmentofBotany;Patna
Universityforthedetailedinvestigation.Itwillnotbeoutofplacetomentionherethatthesomaticchromosomecounts
aswellasdetailedkaryomorphologicalstudiesfortheabovementionedspecieshavealsobeenundertakeninthis
laboratory,whichwillbepublishedinaseparatecommunication.

Foliarepidermalandstomatalstudiesweremadefrom thefreshmaterials.Epidermalpeelswere
preparedfrom boththesurfacesofmiddleportionofanaverage-sizedleaf,approximatelyhalfwayuptheleafyportion
ofthestems.Theseepidermalpeelsweredirectlytransferredtotheseparatespecimentubescontainingabout5c.c.of
freshlypreparedfixativemixtureofacetic-alcoholintheproportionof1:3.Thepeelswerethenstoredforaweektoallow
thesofteningoftissues.Finally,ahomogenouspieceofthepeelwasselectedfrom thestoragefluidandmountedin
glycerolforstudyunderthemicroscope.Thequantitativedatawerecollectedfrom thesetemporarilymountedslides.

Themeasurementsarebasedonanaverageof10readingandhavebeenrecordedinthetabularform.
TerminologyusedhereisthesameassuggestedbyMetcalfe&Chalk(1950).

StomatalIndex(SI):TheSIwascalculatedusingformulagivenbySalisbury(1972)i.e
S

SI=----------------x100
S+E

WhereSdenotesthenumberofstomataperunitareaand
Ethenumberofepidermalcellsinthesameunitarea.

RESULTANDDISCUSSION:
Typicalanomocytictypeofstomatahasbeenuniformlyobservedonboththesurfacesofallthe

species.Thedetaileddatapertainingtothefrequencyofepidermalcells/mm2,stomatalfrequency/mm2aswellas
stomatallengthinµamongstdifferentselectedtaxahavebeensummarizedinTable1.

Thevaluesofmeanstomatalfrequenciesvs.meanstomatallengthsofallthespeciesunder
referencehavebeentriedtobedepictedthroughpictorialgraph(Fig1)andquiteusefulinformationshavebeenretrieved
regardinginteraffiliationofthespecies.TheStomatalIndex(S.I)valuesofthedifferentspecieshavebeenpresented
hereinTable1.TheS.Ivalueshaveshownarangeofvariationsfrom aminimum of17.00inM.tornatatotheminimum
of7.84inM.truncatula.
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Abbreviations:-trun=M.truncatula,poly=M.polymorpha,inter=M.intertexta,litt=M.littoralis,
scul=M.scutellata,rugo=M.rugosa,torn=M.tornata,sativ=M.sativa,
lupu=M.lupulina,orbi=M.orbicularis.
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Thepictorialgraphpreparedfrom thequantitativedatainTable1attheveryfirstglanceindicatesthatsix
oftheselectedspeciesnamelyM.intertexta,M.scutellata,M.rugosa,M.polymorpha,M.truncatulaandM.littoralis
form aclusterattheuppersideofthegraph,whiletheotherthreespecies,namelyM.sativa,M.lupulinaandM.
orbicularisform anotherlinearclusteronthelowerside.InthisrespectM.tornatastandsapartinisolation.Itistobe
mentionedherethatM.scutellata,M.rugosaandM.sativaaretetraploidsandrestallotherspeciesarediploids.

IntheupperassociationofthespeciesM.intertextaappearstooccupyacentralposition,whileother
speciesseem toencircleitperipherally.Iftheperipheralspeciesofthisassociationareagainlookedback,thetetraploid
M.scutellataappearstostandnotonlyclosesttothetetraploidM.rugosabutit(M.scutellata)alsoshowsgreatest
affinitytothediploidM.intertextaandrelativelygreateraffinityto M.polymorphasituatedonthesamesideofthe
pictorialgraph(Fig.1)

Anotherimportantaspectofthepresentfoliarstudieshasbeenthecompletesynthesisoftherelated
data in the form ofStomatalIndex (S.I).Valuable informations in terms ofspecies diversity vis-à-vis their
interrelationshipsappeartohavebeenobtained.AlthoughtheSIpercentagevalueshavepresentedarangeofvariations
from aminimum 17.00inM.tornatatoamaximum of27.84inM.truncatula(Table1),theyhaveclearlyindicatedthe
closestaffinityamongstM.intertexta(21.90),M.rugosa(21.85)andM.polymorpha(21.75)andalmostacloseraffinity
ofthis group ofspecies with M.scutellata (22.00).This is totally in conformity with the picture ofspecies
interrelationshipsindicatedearlierinthepictorialgraph(Fig.1).TheS.IvaluesofM.sativa(19.80)andM.orbicularis
(19.39)alsobringthem closertoeachotherascomparedtorestofthespeciesstudiedhere.However,theabove
findingsonspeciesinter-relationshipsobservedhere,needacloserscrutiny,speciallyatthedetailedkaryomorphological
andmeioticlevels.Thesyntheticdatathusobtainedmayprovidesomevaluablehelpsforthefuturealfalfabreeding
programmes.

Althoughanincreaseinploidylevelisusuallythoughttoresultinincreasedstomatalcountsaswellastheirsize
(Sax,1938),themeanvaluesofstomatalsizeintetraploidspeciesnamelyM.rugosa(28.07µ),M.scutellata(28.07µ)
andM.sativa(27.59µ)showamaximum similaritywiththediploidM.lupulina(28.41µ)andM.intertexta(27.52µ)and
alsoanalmostnearsimilaritywithrestofthediploidcounterparts.Similarobservationshavealsobeenmadeintermsof
stomatalcounts(Table1).Thustheincreaseinploidyleveldoesnotseem toaffectthisveryfoliarcharacterinthe
MedicagoSpeciesstudiedhere.
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