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CHAPTER

INTRODUCTION & REVIEW



Marsileaceaea perplexing familyof rooted amphibious ferns has receiveshabated
attention occupying central and pivotal position in botanical compendidinere are three
genera in this familyMarsilea, Regnellidiumand Pilularia. Regnellidiumis mondypic genus
known only from three localities in Southern Brazil and adjacent ArgerRihdaria is a genus
of six species of wide but disjunctive distribution. In contMatsileais acosmopolitan genus
of approximately 580 species. Genuglarsileacommonly known as water clove named after
the Italian count Luigi Ferdinando Marsigli by Linnaeus in 175Hese small plants are of
unusual appearance and do not resemble common felanrsileacan be broadly classified into
two categories hydrophytt and xerophytic depending upon whether the life history of the
species is passed mostly under aquatic or terrestrial environnidr@sability to develop
heterophylly is proposed as one of the adaptive traits enabling the group of amphibious ferns to
sunive in contrasting habitat3his habit of the plants not only seems to determine the shape and
size of the vegetive and reproductive organs kaiso their morphological aspect. The range of
morphological plasticity is so much pronounced that differepufations of a species growing

under diverse habitat conditions appear to be distinct species.

The present work wasndetakenwith the specific aim of studying various parameters of
wild and cultivated populations of sorselectedViarsilea species oKota and adjoining areas
including the screening of mre, endangerednd threatene@éndemicspecies population of
Marsilea coromandelinacomplex and evaluating the main causes of threat and ways for the
conservation of this species since pronounced mdogloal plasticity has led to a very wide
degree of phenotypic variations causing an immense confusion in systematic treatment of this
complex cosmopolitan genus with particular reference to spdelgsitation. An attempt has

been made in the present nkoto identify ecemorphological, phenological, anatomical,

Introduction and Review Pagel



physiological, phytochemical, and reproductive biology parameters which mayohdgntify
distinctive features for being employed towards specific delimitation in this highly plastis.genu
Beddes, analysis of the physiochemical property ofl $@ms also been done, which might be
helpful in detecting specificclimatic conditions and nutritional preferescef Marsilea

populations of hadauti regidar a healthy grown nature.

Ferns present an array of cytological complexities with allopolyploidy playing a pivotal
role in speciation. It was this realization which prompted cytological study of the rare endemic
population ofMarsileacf coromamelina found in a small patch enrouBorawas. Besides, spore
germination experiments have also been taken upgMiminuta and M.cf.coromandelina
populations of Kota. Though, such studies have been undertaken in the desertMaxsile&
eg.M.aegyptiacaM.rajasthanensisandM.diffusaby Bhamdwaja and his associates (1997ics
studies have now been carried ouMrminutaandM.cf.coromandelindor the first time in the
hope that this will add to our knowledge of this complex genus and its distribution in the hadauti

plateau.

Marsileaexhbits morphological variatiowithin species and as such it becordéBcult
to distinguish species depending on traditional morphology &égently,various molecular
markers and PCR techniques hdeen used in severatudies. In the present studyngenic
analysis through &xdom amplified polymorphic DNA (RAPD) methotlave been employed
for the first time to study interpopulational difémtiation reflecting variousmodes of

reproductive biology.
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Very few studies have been carried out on the phgimital properties of pteridophytes
and with this backgroundn attempt has been made to evaluate the phytochemical properties of

the genus

Tissue culture studies in ferns have been utilized as a research instrument to study the
development potentialities ever since early sixties. The present context deals with the study of
the aspects ofn vitro morphogenesis through all the stadesginning from inoculation,
multiplication to rooting and acclimatizatiomhe present study is a part of the current concern
with the conservation of the highly endemic speciedafsilea cf. coromandelinacomplex

population which seems to declining at an alarmg pace.

Presentvork has been arranged in sewdrapters. It is hoped that these studies will result
into a valuable reference for future researchers interested in this important and stimulating field

of pteridology.
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REVIEW

The phytogeographic dimensions Mérsilea, the widest gersiof the family have not
been seriously pondered si nc dheBmiyMardilsaceaep nt r i
customarily placed amongst the aquatic ferns in literature, is now recogngedan ounf er n
group of three genera namelilarsilea, Regnellidiumand Pilularia. The nature of
amphibiousness covers the entire spectrum of aquatic to xeric habitat with paludal terrestrial

zone lying in between.

Braunds prof ound amumrmaterial @xarpimaiion supptememtedr with
observations of the liv®larsileaandPilularia species from all over the world for nearly thirty
five years (1839.873) is the only transworld systematic account of Marsileadésework on
Marsilea has been xensively reviewed by Reed (1954, 196%ustained investigations by
Braun provided a repository and reference point for ensuing regional systematic sutiatgd

by Gupta & Bhardwajaman international scale (1962).

Regonal monographic studidsave been earnestly taken up for the African species by
Launert (1968) and Kornas (198986) and the new world species by Johnson (1986). Recent
advances in the knowledge bfarsileafrom 1962 onwards haveeen reviewed by Bhardwaja
(1980, 1997 which incluce various facets of study such as morphology, systematics,
embryogeny, sporal aberrations, cytology, parthenegie, ecology, phytochemistry,

morphogenesis, experimental and analytical studies.

Monographic presentations of the Indian and Asian species begn conducted by

Bhardwaja (1958) and Gupta (196Bhardwaja (1977,1997in the course of his researches
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extending over almost half a century with the systematics and speciation dssadscluded

that speciation in this famyi reflects geographidivergencesKornas (1983, 1985&1988) has
coined out comprehensive and sustained field studi®addilea occuring in Northern Nigeria

and Norhern Cameron emphasizinthe adaptive strategies of shigenus to extreme
environment. Heterospory, sporal alrations, spore viability and spore germination,
gametophytes, gametogenesis and embryogenesis and pteridophygtyclif@hase manifested

in Marsileaceae havieeen critically presented by Raghvan (1989) in an analytical work under
the titleabD&8vel ogme notf Fern Gametophyteso.

widely utilized for physiological, morphogenetic and experirakstudies.

Recent work in this family relates to phylogeny of the group with reference to the fossil

record (Pryer, 1999) anstructure and function of spores (Schneidd?r§er, 2002).

MORPHOLOGY

GenusMarsileais well known for its morphological plasticity. Significant contributions
in this field may be referred to morphological investigations by Russow (1872), Shattufk (191
Bower (1928) and Tournay (195ahd the developmental studies conductedRbgsow (1872),
Shattauck (1910), Bower (1928), and Tournay (1951). The devetdphstudies conducted by
Russow (1872) included morphological and anatomical aspects of theetaéige and
reproductive organs oM,drummondii M.elata M.quadrofolia and M,aegyptica Pandeya
(1953) published a short note on the shape and size variations in the ledegiadrifolia
Water is an important ecological factoesulting into variations in size and shape of the

vegetative organs and thus differentiating the genus into xerophytic and hydrophytic species.
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Gupta (1961) published his monographMarsileabased on the doctoral studies of Bhardwaja

(1959).

Johnson (1986) has streds¢hat internodal roots irMarsilea are of taxonomic
significance. Soni (1988) hatescribed morphological variations lif.aegypticaand M.minuta
growing in Western Rajasthan. Bhardwaja (1981b, 1987, 1988, and 1989) and Bhardwaja &
Gena (1989) have providenexhaustive and upo-date reviewon various aspects of biology of

Marsilea

Nagalingum etil (2007) has recently described molecular phylogenetic relationships and
morphological evolution in the dbterosporous ferrMarsilea. Phylogenetic assessment of
morphological evolutiorhassuggested that the presence of an inferior sporocarp tooth and the
place of sporocarp maturation are homoplastic characters, and are therefore of unreliable

taxonomic use at an infrageneric level.

Tai-Chung Wu and WeiYuan Kao, (2011 investigatd the adaptativetraits of
M.crenata M.quadrifolia, and M.schelpianadistributed in various geographical regions
comparingmorphological features, optical properties and photostiotiperformance of these
speciesM.quadrifoliais distributed in temperate region wheezeiving low precipitation) has

led tothe highest trichome density on its leaflet surface and the highest water use efficiency.

ANATOMY

Anatomical studies of ferns and fern allies with special reference to stedtenshave
been extensively investigated during the present century. Pande (1923) reported the presence of a
dictyostele in the tubersf M.erosa(M.minutg and oil as a storage product in its cortex. Puri &

Garg (1953) published a detailelkscriptionof the anatomy of the sporocarp Bf.minuta
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providing anew interpretation to the morphology of sporocarp stating it was equivalent to a
single | eaflet. Bhardwaja & Db6bsouza (1987) ha
water formsof M.aegypta, M.diffusaand M.muticawith a view to understand the effect of

habitat variations on vascular tissue morphology of this plastic genus which is well known for its
adaptive capabilities of growing on land as well as in aquatic habitats. A comparaliyssaof

the ultra structural peculiarities d¥larsilea quadrifolia L. mesophyll cells of the leaves
belonging to the plants grown in invitro system and in natural habitat hasdoesly described

by BrezeanuAurelia & C.Banchiu (2008)

CYTOLOGY

Cytology of the genusMarsilea was initiated by Mehra & Loyal (1959) who reported
n=20 (2n=40) chromosome numbers of diplMdninutafrom North India along with a sterile
triploid cytotype with 2n=60. Subsequently Mehra & Loyal (1959) recorded the occurrence of
three differenbiotypes ofM.minutaPatna biotypewhich is perfectly normal producing typical
mega and microsporangia; Jullundhar biotype which the megasporangia are normal but
microsporangia have both typical and atypical microspores; and Saudgpebim which
megasporangia are completely lacking but microsporangia with greater percentage of atypical
microspores are produced as compared to the secoitgpeioThe triploid cytotype with 2n=60
was found to be completely abnormal, producing 16lstetbnads within a sporangium, all of

which are of the same type alongwith numerous sporelets.

Cytological studiespertaining tochromosome numbers of Marsileaceae have been

reviewed and summarized along with counts for additional specMarsfleaby Lesho (1944).
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PHYTOCHEMISTRY

Phytochemistry is one of the more advanced and rapidly expanding areas of plant
taxonomy (chemaystematics) which utilizes chemical information to improve the classification
of plants (Irudayaraj & Patrick Raja, 1998).&bhical taxonomy has grown rapidly and today it
is applied to distinguish not only species but also individuals within a population. Like other
areas of plant sciences, phytochemistry has been carried out comparatively on lesser number of
nonflowering plars in contrast to flowering plants which have a wide range of chemicals in the
form of pigments and aromatic compounds. Phytochemical analysis of pteridophytes with a view
to solve taxonomical tangldegs been taken up extensiveltiwihe works of Hegnau€1962).
Chatterjee et al. (1963) have studied the chemistry and pharmacology of mRestii& Botari
(1968) and Swain & Coopdriver (1973). Phytochemical studies Wfarsilea were initiated
with a view of its economical exploitation by extraction @flarsilin from M.minuta and
M.rajasthanensisoy Chatterjee et al(1963 a, b, 1964)Yadav (19%) has investigated the
possible role and behavior of phytochemical compounds such as sugars, proteins, and amino
acids during the biorhythmic movements of leaflets in the three specigarsiflea Higher

amount of amino acidsebpbBnbeeposbseormed durin

However, Chakravarty & Debnath (19¥®ould not detect marsilin in the leaves of
M.minuta investigated by them. Instead they reported an asymmetrical Hydetage; 3,
Hydrotriaconll-one (first report of a &G0 ketone with a hydroxyyroup in a plant) in the
petroleum ether extract of the leaves. A mixture of secondary alcohols (Carbon comésn) C
was also found to be present in the leaf extract. Methylamusgpferol, a waxy material
containing hydrocarbon and high molecwagight esters were also obtained by these authors

from chloroform extract of the leaves. Alcoholic extract of the leaves yielded a saponin (m.p.
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304-305 °C). Flavanoid compounds and some triterpenoid hydrocarbons have also been reported
in M.diffusa M.polycarpa and M.quadrifolia by these authors. Bhardwaja et al. (1977) have
analysed sporocarps bf.diffusaand reported five steroidal compounds (Sitosterol, Cholesterol,
Stigmasterol and two unknowns) and suggested their roleeiprtimounced viabilitpossessed

by the megaand microspores dflarsilea

Sharma (1978) carried ouhytochemical studies of some Australian, European, African
and Indian species d¥larsilea with special reference to pigments, reducing sugars, ascorbic
acid, steroids, amino ats, total soluble salts and circadian changehérotal soluble proteins
in the leaf. Bhardwaja et al (1983) have drawn attention to the relevance of phytochemical
investigations towards phylogeny and interspecific and intergeneric relationship ifelagae.
Wallace et al. (1984) investigated polyphenolics of the family Marsileaceae and their possible
phylogenetic utility.Vyas & Sharma(1988) studied phytochemistry of 14 taxa of pteridophytes
including M.minuta and M.aegyptica Rathore& Sharma(1983) investigated proline contents
during stress and non stress conditions in 11 species of ferns from Mt.Abu indVudinguta It
was confirmed that drought resistant ferns possess more amount of proline than the aquatic or
moisture loving plants. Sharm&a Bhardwaja (1989) recorded circadian changes in the total
soluble leaf protein in water feMarsileaL. Harsh et al (1989) detected the presence of steroids
in the sporocarp and complete vegetative plantdMafsilea species collected from west

Rajasthan

Ecological investigations on some ferns from Rajasthan in relation to their drought
tolerance and celimembrane permeability (Khan 1993how that enhanced damage of
chlorophylls and carotenoids is seenGhristella dentatawhen compared télypodematium

crenatum An overall higher content of various metabolites (soluble sugars, phenols, soluble
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protein, amino acids, starch, proline and lipids) has been recorded in wild populations in
comparison to the cultivated populations of three specibaddileaas perKumar, 1995vhile a
reverse trend has been observed in the carotenoids content (). Sharma et al. (1995) have studied

phytochenstry in relation to ecology ofteridophytes of Rajasthan.

Marsileahas been reported to possess sedative and anticonvulsant activities and has been
found to be a notoxic drug in the treatment of epilepsy, anxiety, depression and mental health
problems in general and severe neurological disorders in partiduiein arewidely prevalent in
modern fast paced life with a multitude of stressful conditions. Regarding this view, recently
Bhattamisra et al (2007) concluded that ethanolic extrad¥l.ofiinuta possesses anxiolytic
activity in rats. Other reported activities incudnt fertility activity, hypocholestermic activity
and as a cure of lactation difficulties and menorrhagia. The leavigsnohutaare used as a
vegetable in the different regions of India and some tribal areas. Recently Utkarsh Alok (2013)
described vadus pharmacological properties and successfully demonstrated various
pharmacological actions dflarsilea minuta Recently A.John De Britto et al (2013) also
detected the presence of phytochemicals in petroleum ether, benzene, chloroform, methanol, and
agueus extracts ofMarsilea minuta

Muraleedhara Naiet al. (2011) haveafter extensive investigationave conducted the
phytochemical studies ofizolla pinnataR., Marsilea minutal. andSalvinia molestaitch. and
concluded that plant extracts of theseeéhrplants show the presence of many bioactive

compounds.

John De BritoA, Gracelin and Kumar (2013) have recently described qualitative and
guantitative analysis of phytochemical analysis of phytochemical®.minuta Linn. and

reported the presence of pbohemical compounds such as steroids, reducing sugars,
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triterpinoids, sugars, alkaloids, phenolic compounds, flaonoids, saponins, tannins,
anthroquinones and amino acids in five solvent extracts of petroleum ether, benzene, chloroform

and methanol.

Recettly much emphasis has been laid on the various pharmacological properties
Utkarsh Alok et al. (2013) have studied the phytochemistry and pharmacological activities of

Marsilea minutalLinn.

REPRODUCTIVE BIOLOGY

The phenomenon of parthenogenesis and apogariaigileais of wide occurrence and was

first recorded as early as 1897 by Shawlidrummondii Temperature certainly has some effect

on the frequency of parthenogenesifie sporocarp oMarsilea is a uniqe, unparalledd
structure among pteridophytes. It is tougher than the sposoocarRegnellidiumandPilularia.

Allsopp (1952a). Bhardwaja & Sen (196dhserved that sporocarps Mfrajasthanensisould
withstandsustained heating at 65° fGr at least 5ours. Malone & Proctor (196®bserved
dispersal of sporocarps d.mucronataby wate birds and suggested that tough sporocarp wall
provides ample protection to spores against avian digestive processes allowing sporocarps of this
species to remain in ¢hintestinal tracts of the water birdssulting into dispersal of sporby a

flying bird.

The dehiscence mechanism of sporocarp wall was first described by Braun (1839).
Subsequently, Cunningham and Reed (1933) studied dehiscence of sporocarp and germination of
spores inM.polycarpa Bhardwaja & Mohammad (1967) observed that extrusion of soreph
from scarified sporocarps dfl.quadrifolia occurred only in complete darkness, while in

M.aegyptica M.brownii, M.minutaand M.rajasthanensisorophore extrusion occurred even in
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direct sunlight. Loyal & Kumar ((1977) have reported destruction of inoetents oM.minuta
sporocarps by larvae of the weekithinocnemus&chonherr. These larg@ould bore holes and

puncture the sporocarp wall eating up food laden megaspores in this species.

Spore viability happens to be an important aspect of the biadbdyarsilea Allsop

(1952) reported successful germination of spores and embryo formation from 68 year old
sporocarp oM.minutaand 61 year old sporocarp bf.fourneri. Later, Bloom (1955) reported
embryo formation from 80 year old sporocarpsvbfjuadrifolia. Machlis and Rawitsher kumel
(1967) studied the hydrated megasporeMbbestitaand found that the gelatinous structure
associated with hydrated megaspore is far more elaborate consisting of papillar and basal
envelopes and a highly defined bell drabal layer. According to Blowo (1953 sporocarps of all

ages show some loss of spore viability due to some retarded development and maturation.

Moreover, microspores are comparatively more prone to ageing than megaspores.

Bilderback (1978) made a detallstudy ofthe development of the sporocarp of
Marsilea vestita She investigated the ultra structure of developing sorophore and reported three

phases of polysaccharide accumulation during the differentiation of sorophore cells.

Bhardwaja(1980)obtaining sporelings from 130 yeadvkburchellii sporocarp, tts being
the longest recorded time period of spore viabiliBspects of heterospory, especially
microsporal aberrains have been studied in detby Bhardwaja & Wadhwani (1984) and

Bhardwaja(1986).

Sharma (19783tudied the effeadf physiologically active substances e development
of sporelingsm M.diffusaandM.rajasthanensisHe further showed that GA3 induced sporelings

formation in isolated megaspores dfl.minuta which otherwise wold not produce
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parthenogenetic sporelings. Bhardwaja (1981) suggested that the development of sporelings from
sporelings from isolated megaspores is from a diploid egg and is expressed as apogamous

parthenogenesis.

Gupta (1957) studied epidermal and soral characters of some American species of
Marsilea Bhardwaja (1966) extensively investigated the phenomenon of microsporal aberrations
in many taxa oMarsilea belonging to widely segvated geographical regions aggdablished a
definite relationship between occurrence of microsporal aberrations and leaf morpbioBRyy
taxa cultivated under identical conditionde concludedthat xeric habitat and ecological
conditions play a vital role in sporogenesis leading terraimt microspores and once this
phenomean is initiated in a populatiort seems to acquire a genetic basis and such taxa even
under humid conditions of cultivation in the garden continue to exhibit microsporal aberrations.
Schneider &Pryer (2002) studied the structure and function of spores of the three living
Marsileaceous fern genernsldrsilea Pilularia, andRegnellidium)particularly with regard to the
perine (outer spore wall) and acrolamella. According to Pryer, the gelatiaiome of the perine
layer is possiblythe result of acidic polysaccharide components in the spore wall that have
hydrogel (swelling and shrinking) properties. Megaspores floating at the water/air interface form
a concave meniscus, the center of whiciist he gel ati nous acrol amel |l a
| akeo. Thi s me n ilikecefiiest that segvastas & triga fre@ swimimiegsperm

cellspropelling them into the sperm lake.

TISSUE CULTURE

Marsileahas been extensively employed for expenitaestudies. Allsop (1952) studied

the effect of various physiologidglactive substances on the developmertafsileain sterile
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culture, effect of various sugars on the development and morphology, comparison of effect on
the development of sporelingmder variedcultural conditions and morphogenesis wigiesal
reference to origin of lad and water forms. Rathore et al. (1989) have studieceffiects of
growth regulatorsand antibiotics (Cephalaxine and Cepharidine ) on the germination,
gametogenes and sporophyte development Marsilea aegyptica Srivastava etal. (2008)
conducted in Mro studies on development of gametophyte, sex ontogeny and reproductive
biology of the threatened femdicrosorium punctatumAurelia Bwzeanu & C. Bana (2009)
presented a comparative analysis of the ultra structural peculiaritMarsilea quadrifolial.
mesophyll cells of the leaves belonging to the plants giawitro system and in natural habitat
and provided a protocol that could be used asicaessful experimental system for ex situ
conservation of this threatened speciglli E. et al. (2013)with a view to conserve the aquatic
fern Marsilea quadrifoliaL. in a longterm in vitro procedure, the effects of differecytokinins,

varying ther concentration and period of supplementati@s investigated by

GENOMIC ANALYSIS

The water clovers bear few dependable morphological characters on which to base
traditional identification. Morphological plasticity and molecular evolution among species of
pteridophytes are remarkahpyominentwhen compareevith angiosperm. (KoallandKenrick,

2004). Das et al, (2012) havecently described molecular marker based phylogenetic studies
(RAPD) in complementing and supplementing taxonom$edginellaspecies. DNA sequencing
of several plastid regions o A f i nNaesitep speciméns bm the southeastern U.S. to

provide more accurate identifications was recently done by W. Mark Whitten et al. (2013)
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The complete chloroplast genome sequencesygbdium japonicuma member of
schizad ferns andMarsilea crenata(Marsileacea) have beenalermined by Lei \Eng.et al.
(2013). Comparative genomic analysis of all sequenced fern plastomes revealed that the gene
order ofL.japonicumplastome occupies an intermediate position between that of basal ferns and
core leptosporangiates. Recently E.Radt al. (2013) assessed the genetic stability of
M.quadrifolia by Random amplified polymorphic DNA (RAPD) by comparing eight randomly

selected micro propagated plantsided from repeated subculturegth donor plant.
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CHAPTER I

AREA OF INVESTIGATION



TOPOGRAPHY AND PHYSIOGRAPHY

Rajasthanl yi ng bet ween 23A306andA308Ad26NGBWANKTH
longitudesis the second largest state of India and covers about 11% odtdiearea of the
country. It is surrounded by Pake in the West whild®unjab, Haryana, Uttar Pradesh and
Gujaratlie in the North, East and Soutlspectively The presence of the Grelaidian Thar
Desert in its westerprovincemakes Rajasthan a unique state of In@iae of the world's oldest
mountain ranges, the Aravalli Range, cradles the only hill stafi®ajasthar{Figure 1,8

Pteridophytic flora of Rajasthan is mostly confined Mt. Abu and Hadauti plateau
which face interesting diversified status due to their variable climatic conditions. Extremity of
climate is a characteristic feature of Rajasthan. Due to heavy rainfalAltpossesses the
richest vegetationf pteridophytes (approx 36 species, 15 geniarantire Rajasthan. It is only
during the rainy months that the ferns mainly flourish and are plentiful in number. In addition to
Aravalli ranges, these vascular cryptogams are frequebsgrved in Hadautplateauwhere
thick and dense forests, wet and shady habitats, streams, sprihgthar water reservoiexist
and are known as favorite shelter places for pteridophytic spedibs. North and NortfEast
portions of the state are poor in pteridophytgetation as these areas are full of sand dunes.
However, along the banks of ponds, a few specieBlafilea e.g. M.aegypticaat Jodhpur,
M,minuta and M.rajasthanensisat Kolyat (Bikaner) grow during rainy seasonherdore,
pteridophytes of Hadautilggeau hold a significant position with respect to their occurrence and
distribution. During rainy season a number of pteridophytes grow and survive in thes \zadte
ravines of River Chambal.

Present study mainly concemwith the survey ofMarsilea populations of South Eastern

Rajasthan constituting the Hadauti plateau
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Hadauti plateau

It is situated at the edge of Malwa Plateau 8235 6 t ol 25B5IAGBd&N and 75A96
longitude in south eastern corner of the state. The total area of the plateau is 24,156.@&sd.

from administrative point of view, it covers Kota division of Rajasthan including Kota, Bundi,
Jhalawar and Baran districts respectivffiygurel]. The pateau is quite unique due to its
perennial and seasonaVers and other water reservoirs, thick and dense forest supptbrting

growth and development of different species of various plant groups. Hadauti is predominantly

an agricultural region with argearian economy. The Hadauti plateau comprises many kinds of
habitats viz. crevices of rockand ravines, shady and moisturefidlleys, waterfalls, marshy

land and ditches, aquatic and sénaquatic as also xerophytic and lithophytic substrata where

seveal genera of pteridophytes are found growing in rainy season and round the year.

Topography, geographical features and description of varidassilea localities

observedn Kota and sufurban areaduring the surveperiod are being described.
KOTA [FIGURE 1(B]

Kota, formerly known a¥otah is thethird biggest city in thé&lorthern Indian statef Rajasthan

after Jaipur and Jodhpukota region issituated on the banks of Chambal river and has been
identified as aountermagnetcity for theNational Capital Regionto attract migrants and
develop as an alternative centre of growth to Delhi. The city is the trade centre for an area in
which millet, wheat rice, pulses corianderandoilseedsare grown; hdustries include cottoand

oilseed milling, texte weaving, distilling, dairying, manufacture of metal handcrafts, fertilizers,

chemicals and engineering equipment. It is one of the principal cities of Rajasthan state.
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Figure- 1

(a)Location map of study area

(b)Hadauti Plateau highlighting surveyed localities.



Figure-1

[B]




The city of Kota is situated at the center of the southeastern region of Rajasthan, and
widely known adHadautithe land of the Hadas. Kota lies along the banks of the Chambal river
and is the third largest city in Rajasthaihe cartographic coordinates a&®18°N75.83°Ht
covers an area of 12,486n? (3.63 per cent of the Rajasthan Stdtd)as an average elevation of
271metres (889t). The district is bound on the north and north wesSawai MadhopuyrTonk
and Bundidistricts. The Chambal River separates these disfrimts Kota district, forming a
natural boundary.

The historical places and temples are getting surrounded with signs of modern
development. Kota is on a high sloping tableland forming a gfathe Malwa Plateau. The
Mukandarra hills run from southeast to northwest axis of the town. It ksn3Bom Bundi. The
town of Kota was once the part of the erstwhile Rajput kingdom of Bundi. It became a separate
princely state in the 17th century. Apart from tleyeyal monuments that reflect the erstwhile
glory of the town, Kota is also known for its palaces and gardens. It has fertile land and greenery
with irrigation facilities through canals. Kota is one of the industrial hubsithern Indiawith
chemical.engineering and power plants based there

Kota has a semi arid climatE@ppen climate classificatioBSH with high temperatures
throughout the year. Summers are long, hot and dry, starting in late March and lasting till the end
of June. The monsoon seastollows with comparatively lower temperatures, but higher
humidity and frequent, torrential downpours. The monsoons subside in October and temperatures
rise again. The brief, mild winter starts in late November and lasts until the last week of
February. EBmperatures heever between 26.7°C (max) to 12°C (min)

The average annual rainfall in tdeta districtis 660.6mm.Most of the rainfall can be

attributed to the southwestonsoonwhich has its beginning around the last week of June and
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may last till midSeptember. Prenonsoon showers begin towards the middle of June with post
monsoon rains occasionally occurring in October. The winter is largely dry, although some

rainfall does occur as a result of iestern Disturbangeassing over the region.

BORAWAS

This locality is situatechpproximately 25kms. frongovernment collegeKota along
Kota Rawatbhata routelt is one of theimportant locality of an endemic rare pteridophyte
Marsilea cf. coromandelinavhich isconfined to a smalbatch in a deep depréss. It hasbeen
observed thatuting rainy season the patch gets submewmgéid water and this species appears
in mid JulyAugustand completes its life cycle within a short span around mid October. This
particular locality needs to be protected and idanger of extinction due to anthropogenic and

construction activities of the villagers.

ABHERA

This historical place is located about 7Km. from village Nanta and situated northwest
from Kota city. In ancient times, Abhera was a dense forest having great importance. Prince Dhir
Dev constructed a large pond in the year 1346. A beautiful palace atehdaralso located at
the eastern bank of Abhera pond having an approximate area of 100 hédtasiiea minuta

was found growing contiguouslyith Isoetesn this locality.

MANDANA

It is a vllage of Ladpura Tehsil in Kota District of Rajastih&tate It is located 34 kms
towards South fromigtrict headquarter Kota, 101 kmfom Ladpura, 258 km$rom State

capital Jaipur
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It is situated about 33 kms away fro@overnment CollegeKota A Marsilea minuta
rich locality was found along the roadside of Mandana dtasd. Besides thigctinopteris

radiatawas also found growing asippyte on old buildings of thigillage.

TALWANDI

It is in the heart oKota city. Marsilea populations are found growirepundantlyalong

the road side throughout the year.
SURVEY AND COLLECTION

Following speciesof Marsilea populations growing at selectddcalities in Kota and

adjoining areasvere taken up for the present study.

1. M.minutaLinn.
2. M.minuta(hybrid)

3. M.cf. coromandelin@omplex.

The populations of thesklarsilea speciescollected from the selecteldcalities are
representa in Tablel. Figure 2 to 6 represent tMarsileapopulations of the selected localities

growingin nature andindercultivated coditions.
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Table 1

Surveyed localities ofMarsilea population of Kota District

S.No. POPULATION LOCALITY SITE

A M.minuta Talwandi A massive patch along the road side situated
(Kota city) the centre of Kota, which remains flooded witH

water throughout the year.

B M.minuta Anantpura A small patch on the City Mall road representi
(Kota city) both hydrophytic and xerophytic condition.

C M.minuta(hybrid) Mandana A small patch near Mandana bus stand
(sub urban)

D M.cf.coromandelina | Borawas A small patcHocated ahead of Borawas, 27 K|
(sub urban) away from Kota city.

E M.minuta Borawas pond | Dense patch along the edges of the Borawas

(sub urban)

pond. Flooded with water only during rainy

season.
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Figure i 2(a-e)

Marsilea minutapopulation at Talwandi locality

(a)Road side view :Marsilea minutapopulation

(b)Under pot cultivation

(c)Herbarium specimen

(d)Horse grazing : All plants exceptMarsilea

(e)M.minuta population growing exclusively with the most problematic
weed water hyacinthEichhornia crassipesat Talwandi site.






Figure 1 3(a-d)

Marsilea minuta(hybrid) population at Anantpura locality

(a) Site view
(b) In nature
(c) Under pot cultivation
(d) Herbarium specimen
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Figure 1 4(a-€)

Marsilea minuta(hybrid) population at Mandana locality

(a) Site view

(b) In nature

(c) Dried patch showing withered leaves
(d)Under pot cultivation

(e) Herbarium specimen






Figure i 5(a-e)

M.cf.coromandelinapopulation at Borawas locality

(@) A key mark (empty well like) for the easy location of endemic
M.cf.coromandelinalocality at Borawas

(b) Site view Isolated patch of M.cf.coromandelinafilled with water in
rainy season

(c) In nature (vegetative phase)

(d) M.cf.coromandelina in association with grasses and angiospermic
plants.



Figure- 05(ah)
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