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Marsileaceae, a perplexing family of rooted amphibious ferns has received unabated 

attention occupying a central and pivotal position in botanical compendium. There are three 

genera in this family- Marsilea, Regnellidium and Pilularia. Regnellidium is monotypic genus 

known only from three localities in Southern Brazil and adjacent Argentina. Pilularia is a genus 

of six species of wide but disjunctive distribution. In contrast Marsilea is a cosmopolitan genus 

of approximately 50-80 species. Genus Marsilea commonly known as water clove is named after 

the Italian count Luigi Ferdinando Marsigli by Linnaeus in 1754. These small plants are of 

unusual appearance and do not resemble common ferns.. Marsilea can be broadly classified into 

two categories- hydrophytic and xerophytic depending upon whether the life history of the 

species is passed mostly under aquatic or terrestrial environments. The ability to develop 

heterophylly is proposed as one of the adaptive traits enabling the group of amphibious ferns to 

survive in contrasting habitats. This habit of the plants not only seems to determine the shape and 

size of the vegetative and reproductive organs but also their morphological aspect. The range of 

morphological plasticity is so much pronounced that different populations of a species growing 

under diverse habitat conditions appear to be distinct species. 

The present work was undertaken with the specific aim of studying various parameters of 

wild and cultivated populations of some selected Marsilea species of Kota and adjoining areas, 

including the screening of a rare, endangered and threatened endemic species  population of 

Marsilea coromandelina complex and evaluating the main causes of threat and ways for the 

conservation of this species since pronounced morphological 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 species delimitation. An attempt has 

been made in the present work to identify eco-morphological, phenological, anatomical, 
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physiological, phytochemical, and reproductive biology parameters which may help to identify 

distinctive features for being employed towards specific delimitation in this highly plastic genus. 

Besides, analysis of the physiochemical property of soil has also been done, which might be 

helpful in detecting specific climatic conditions and nutritional preferences of Marsilea 

populations of hadauti region for a healthy grow in 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 of Marsilea cf coromandelina found in a small patch enroute Borawas. Besides, spore 

germination experiments have also been taken up in M.minuta and M.cf.coromandelina 

populations of Kota. Though, such studies have been undertaken in the desert taxa of Marsilea 

eg. M.aegyptiaca, M.rajasthanensis, and M.diffusa by Bhardwaja and his associates (1997), such 

studies have now been carried out in M.minuta and M.cf.coromandelina for the first time in the 

hope that this will add to our knowledge of this complex genus and its distribution in the hadauti 

plateau. 

Marsilea exhibits morphological variation within species and as such it becomes difficult 

to distinguish species depending on traditional morphology only. Recently, various molecular 

markers and PCR techniques have been used in several studies. In the present study genomic 

analysis through Random amplified polymorphic DNA (RAPD) method  have been employed 

for the first time to study interpopulational differentiation reflecting various modes of 

reproductive biology.  
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Very few studies have been carried out on the phytochemical properties of pteridophytes 

and with this background an 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 of In vitro morphogenesis through all the stages beginning from inoculation, 

multiplication to rooting and acclimatization. The present study is a part of the current concern 

with the conservation of the highly endemic species of Marsilea cf. coromandelina complex 

population which seems to be declining at an alarming pace. 

Present work has been arranged in seven chapters. 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 of Marsilea, the widest genus of the family, have not 

been seriously pondered since Braunôs contributions on the subject. The family Marsileaceae, 

customarily placed amongst the aquatic ferns in literature, is now recognized as an óunfern likeô 

group of three genera namely Marsilea, Regnellidium and Pilularia. The nature of 

amphibiousness covers the entire spectrum of aquatic to xeric habitat with paludal terrestrial 

zone lying in between. 

Braunôs profound work comprising herbarium material examination supplemented with 

observations of the live Marsilea and Pilularia species from all over the world for nearly thirty 

five years (1839-1873) is the only transworld systematic account of Marsileaceae. The work on 

Marsilea has been extensively reviewed by Reed (1954, 1965). Sustained investigations by 

Braun provided a repository and reference point for ensuing regional systematic surveys initiated 

by Gupta & Bhardwaja on an international scale (1962).  

Regional monographic studies have been earnestly taken up for the African species by 

Launert (1968) and Kornas (1985-1986) and the new world species by Johnson (1986). Recent 

advances in the knowledge of Marsilea from 1962 onwards have been reviewed by Bhardwaja 

(1980, 1997) which include various facets of study such as morphology, systematics, 

embryogeny, sporal aberrations, cytology, parthenogenesis, ecology, phytochemistry, 

morphogenesis, experimental and analytical studies. 

Monographic presentations of the Indian and Asian species have been conducted by 

Bhardwaja (1958) and Gupta (1962). Bhardwaja (1977,1997) in the course of his researches 
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extending over almost half a century with the systematics and speciation aspects has concluded 

that speciation in this family reflects geographic divergences. Kornas (1983, 1985&1988) has 

coined out comprehensive and sustained field studies of Marsilea occurring in Northern Nigeria 

and Northern Cameron emphasizing the adaptive strategies of this genus to extreme 

environment. Heterospory, sporal aberrations, spore viability and spore germination, 

gametophytes, gametogenesis and embryogenesis and pteridophytic life-cycle phases manifested 

in Marsileaceae have been critically presented by Raghvan (1989) in an analytical work under 

the title óDevelopmental Biology of Fern Gametophytesô. Members of this family have been 

widely utilized for physiological, morphogenetic and experimental studies.  

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

record (Pryer, 1999) and structure and function of spores (Schneider & Pryer, 2002).  

MORPHOLOGY  

Genus Marsilea is well known for its morphological plasticity. Significant contributions 

in this field may be referred to morphological investigations by Russow (1872), Shattuck (1910), 

Bower (1928) and Tournay (1951) and the developmental studies conducted by Russow (1872), 

Shattauck (1910), Bower (1928), and Tournay (1951). The developmental studies conducted by 

Russow (1872)  included morphological and anatomical aspects of the vegetative and 

reproductive organs of M,drummondii, M.elata, M.quadrofolia, and M,aegyptica. Pandeya 

(1953) published a short note on the shape and size variations in the leaves of M.quadrifolia. 

Water is an important ecological factor resulting 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 monograph on Marsilea based on the doctoral studies of Bhardwaja 

(1959). 

Johnson (1986) has stressed that internodal roots in Marsilea are of taxonomic 

significance. Soni (1988) has described morphological variations of M.aegyptica and M.minuta 

growing in Western Rajasthan. Bhardwaja (1981b, 1987, 1988, and 1989) and Bhardwaja & 

Gena (1989) have provided an exhaustive and up-to-date review on various aspects of biology of 

Marsilea. 

Nagalingum et al (2007) has recently described molecular phylogenetic relationships and 

morphological evolution in the heterosporous fern Marsilea. Phylogenetic assessment of 

morphological evolution has suggested 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 Wen-Yuan Kao, (2011) investigated the adaptative traits of 

M.crenata, M.quadrifolia, and M.schelpiana distributed in various geographical regions 

comparing morphological features, optical properties and photosynthetic performance of these 

species. M.quadrifolia is distributed in temperate region where receiving low precipitation) has 

led to the 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 stellar system have 

been extensively investigated during the present century. Pande (1923) reported the presence of a 

dictyostele in the tubers of M.erosa (M.minuta) and oil as a storage product in its cortex. Puri & 

Garg (1953) published a detailed description of the anatomy of the sporocarp of M.minuta 
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providing a new interpretation to the morphology of sporocarp stating it was equivalent to a 

single leaflet. Bhardwaja & Dôsouza (1987) have studied vascular tissue morphology of land and 

water forms of M.aegyptica, M.diffusa and M.mutica with 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 comparative analysis of 

the ultra structural peculiarities of Marsilea quadrifolia L. mesophyll cells of the leaves 

belonging to the plants grown in invitro system and in natural habitat has been recently described 

by Brezeanu Aurelia & C.Banchiu (2008) 

CYTOLOGY  

Cytology of the genus Marsilea was initiated by Mehra & Loyal (1959) who reported 

n=20 (2n=40) chromosome numbers of diploid M.minuta from North India along with a sterile 

triploid cytotype with 2n=60. Subsequently Mehra & Loyal (1959) recorded the occurrence of 

three different biotypes of M.minuta Patna biotype- which is perfectly normal producing typical 

mega and microsporangia; Jullundhar biotype- in which the megasporangia are normal but 

microsporangia have both typical and atypical microspores; and Saugar biotype- in which 

megasporangia are completely lacking but microsporangia with greater percentage of atypical 

microspores are produced as compared to the second bio-type. The triploid cytotype with 2n=60 

was found to be completely abnormal, producing 16 sterile monads within a sporangium, all of 

which are of the same type alongwith numerous sporelets.  

Cytological studies pertaining to chromosome numbers of Marsileaceae have been 

reviewed and summarized along with counts for additional species of Marsilea by Lesho (1944).  
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PHYTOCHEMISTRY  

Phytochemistry is one of the more advanced and rapidly expanding areas of plant 

taxonomy (chemo-systematics) which utilizes chemical information to improve the classification 

of plants (Irudayaraj & Patrick Raja, 1998). Chemical 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 

non-flowering plants 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 tangles has been taken up extensively with the works of Hegnauer (1962). 

Chatterjee et al. (1963) have studied the chemistry and pharmacology of marsilin, Berti & Botari 

(1968) and Swain & Cooper-Driver (1973). Phytochemical studies of Marsilea were initiated 

with a view of its economical exploitation by extraction of Marsilin from M.minuta and 

M.rajasthanensis by Chatterjee et al. (1963 a, b, 1964). Yadav (1995) 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 species of Marsilea. Higher 

amount of amino acids has been observed during ñsleepingò position.   

However, Chakravarty & Debnath (1975) could not detect marsilin in the leaves of 

M.minuta investigated by them. Instead they reported an asymmetrical Hydroxy-ketone; 3, 

Hydrotriacon-II-one (first report of a C-30 ketone with a hydroxyl group in a plant) in the 

petroleum ether extract of the leaves. A mixture of secondary alcohols (Carbon content C27-C31) 

was also found to be present in the leaf extract. Methylamine, ß-sitosterol, a waxy material 

containing hydrocarbon and high molecular weight 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 of M.diffusa and reported five steroidal compounds (Sitosterol, Cholesterol, 

Stigmasterol and two unknowns) and suggested their role in the pronounced viability possessed 

by the mega- and microspores of Marsilea.  

Sharma (1978) carried out phytochemical studies of some Australian, European, African 

and Indian species of Marsilea with special reference to pigments, reducing sugars, ascorbic 

acid, steroids, amino acids, total soluble salts and circadian changes in the total 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 in Marsileaceae. 

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 (1988) investigated proline contents 

during stress and non stress conditions in 11 species of ferns from Mt.Abu including M.minuta. It 

was confirmed that drought resistant ferns possess more amount of proline than the aquatic or 

moisture loving plants. Sharma & Bhardwaja (1989) recorded circadian changes in the total 

soluble leaf protein in water fern Marsilea L. Harsh et al (1989) detected the presence of steroids 

in the sporocarp and complete vegetative plants of Marsilea species collected from west 

Rajasthan. 

Ecological investigations on some ferns from Rajasthan in relation to their drought 

tolerance and cell membrane permeability (Khan 1993) show that enhanced damage of 

chlorophylls and carotenoids is seen in Christella dentata when compared to Hypodematium 

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 species of Marsilea as per Kumar, 1995 while a 

reverse trend has been observed in the carotenoids content (). Sharma et al. (1995) have studied 

phytochemistry in relation to ecology of pteridophytes of Rajasthan. 

Marsilea has been reported to possess sedative and anticonvulsant activities and has been 

found to be a non-toxic drug in the treatment of epilepsy, anxiety, depression and mental health 

problems in general and severe neurological disorders in particular which are widely prevalent in 

modern fast paced life with a multitude of stressful conditions. Regarding this view, recently 

Bhattamisra et al (2007) concluded that ethanolic extract of M.minuta possesses anxiolytic 

activity in rats. Other reported activities include ant fertility activity, hypocholestermic activity 

and as a cure of lactation difficulties and menorrhagia. The leaves of M.minuta are used as a 

vegetable in the different regions of India and some tribal areas. Recently Utkarsh Alok (2013) 

described various pharmacological properties and successfully demonstrated various 

pharmacological actions of Marsilea minuta. Recently A.John De Britto et al (2013) also 

detected the presence of phytochemicals in petroleum ether, benzene, chloroform, methanol, and 

aqueous extracts of Marsilea minuta. 

Muraleedhara Nair et al. (2011) have after extensive investigation have conducted the 

phytochemical studies on Azolla pinnata R., Marsilea minuta L. and Salvinia molesta Mitch. and 

concluded that plant extracts of these three plants show the presence of many bioactive 

compounds. 

John De Brito A, Gracelin and Kumar (2013) have recently described qualitative and 

quantitative analysis of phytochemical analysis of phytochemicals in M.minuta Linn. and 

reported the presence of photochemical 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.  

Recently much emphasis has been laid on the various pharmacological properties  

Utkarsh Alok et al. (2013) have studied the phytochemistry and pharmacological activities of 

Marsilea minuta Linn. 

REPRODUCTIVE BIOLOGY  

The phenomenon of parthenogenesis and apogamy in Marsilea is of wide occurrence and was 

first recorded as early as 1897 by Shaw in M.drummondii. Temperature certainly has some effect 

on the frequency of parthenogenesis. The sporocarp of Marsilea is a unique, unparalleled 

structure among pteridophytes. It is tougher than the sporocarps of  Regnellidium and Pilularia. 

Allsopp (1952a). Bhardwaja & Sen (1961) observed that sporocarps of M.rajasthanensis could 

withstand sustained heating at 65° C for at least 54 hours. Malone & Proctor (1965) observed 

dispersal of sporocarps of M.mucronata by water birds and suggested that tough sporocarp wall 

provides ample protection to spores against avian digestive processes allowing sporocarps of this 

species to remain in the intestinal tracts of the water birds resulting into dispersal of spores by 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 in M.polycarpa. Bhardwaja & Mohammad (1967) observed that extrusion of sorophore 

from scarified sporocarps of M.quadrifolia occurred only in complete darkness, while in 

M.aegyptica, M.brownii, M.minuta and M.rajasthanensis sorophore extrusion occurred even in 
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direct sunlight. Loyal & Kumar ((1977) have reported destruction of inner contents of M.minuta 

sporocarps by larvae of the weevil Echinocnemus Schonherr. These larvae could 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 biology of Marsilea. Allsop 

(1952) reported successful germination of spores and embryo formation from 68 year old 

sporocarp of M.minuta and 61 year old sporocarp of M.fourneri. Later, Bloom (1955) reported 

embryo formation from 80 year old sporocarps of M.quadrifolia. Machlis and Rawitsher kumel 

(1967) studied the hydrated megaspore of M.vestita and found that the gelatinous structure 

associated with hydrated megaspore is far more elaborate consisting of papillar and basal 

envelopes and a highly defined bell and basal layer. According to Bloom (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 detailed study of  the 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 years M.burchellii sporocarp, this being 

the longest recorded time period of spore viability. Aspects of heterospory, especially 

microsporal aberrations have been studied in detail by Bhardwaja & Wadhwani (1984) and 

Bhardwaja (1986). 

Sharma (1978) studied the effect of physiologically active substances on the development 

of sporelings in M.diffusa and M.rajasthanensis. He further showed that GA3 induced sporelings 

formation in isolated megaspores of M.minuta which otherwise would 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 of Marsilea, belonging to widely separated geographical regions and established a 

definite relationship between occurrence of microsporal aberrations and leaf morphology of 32 

taxa cultivated under identical conditions. He concluded that xeric habitat and ecological 

conditions play a vital role in sporogenesis leading to aberrant microspores and once this 

phenomenon is initiated in a population. It 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 genera (Marsilea, Pilularia, and Regnellidium) particularly with regard to the 

perine (outer spore wall) and acrolamella. According to Pryer, the gelatinous nature of the perine 

layer is possibly the 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, at the center of which is the gelatinous acrolamella that encloses a ñsperm 

lakeò. This meniscus creates a vortex-like effect that serves as a trap for free swimming sperm 

cells propelling them into the sperm lake. 

TISSUE CULTURE 

Marsilea has been extensively employed for experimental studies. Allsop (1952) studied 

the effect of various physiologically active substances on the development of Marsilea in sterile 
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culture, effect of various sugars on the development and morphology, comparison of effect on 

the development of sporelings under varied cultural conditions and morphogenesis with special 

reference to origin of land and water forms. Rathore et al. (1989) have studied the effects of 

growth regulators and antibiotics (Cephalaxine and Cepharidine ) on the germination, 

gametogenesis and sporophyte development in Marsilea aegyptica. Srivastava et al. (2008) 

conducted in vitro studies on development of gametophyte, sex ontogeny and reproductive 

biology of the threatened fern Microsorium punctatum. Aurelia Bwzeanu & C. Banciu (2009) 

presented a comparative analysis of the ultra structural peculiarities of Marsilea quadrifolia L. 

mesophyll cells of the leaves belonging to the plants grown in vitro system and in natural habitat 

and provided  a protocol that could be used as a successful experimental system for ex situ 

conservation of this threatened species. Rolli E. et al. (2013) with a view to conserve the aquatic 

fern Marsilea quadrifolia L. in a long-term  in vitro procedure, the effects of different cytokinins, 

varying their concentration and period of supplementation was 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 remarkably prominent when compared with angiosperms. (Koall and Kenrick, 

2004). Das et al, (2012) have recently described molecular marker based phylogenetic studies 

(RAPD) in complementing and supplementing taxonomy of Selginella species. DNA sequencing 

of several plastid regions to ñfingerprintò Marsilea specimens from 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 sequences of Lygodium japonicum, a member of 

schizoid ferns and Marsilea crenata (Marsileaceae) have been determined by Lei Wang.et al. 

(2013). Comparative genomic analysis of all sequenced fern plastomes revealed that the gene 

order of L.japonicum plastome occupies an intermediate position between that of basal ferns and 

core leptosporangiates. Recently E.Rolli et al. (2013) assessed the genetic stability of 

M.quadrifolia by Random amplified polymorphic DNA (RAPD) by comparing eight randomly 

selected micro propagated plants derived from repeated subcultures with donor plant.  
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TOPOGRAPHY AND PHYSIOGRAPHY  

Rajasthan, lying between 23Á3ôand 30Á12ôNorth latitude and 69Á30ôand 78Á17ô East 

longitudes is the second largest state of India and covers about 11% of the total area of the 

country. It is surrounded by Pakistan in the West while Punjab, Haryana, Uttar Pradesh and 

Gujarat lie in the North, East and South respectively. The presence of the Great Indian Thar 

Desert in its western province makes Rajasthan a unique state of India. One of the world's oldest 

mountain ranges, the Aravalli Range, cradles the only hill station of Rajasthan (Figure 1,a) 

Pteridophytic flora of Rajasthan is mostly confined to 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 rainfall, Mt. Abu possesses the 

richest vegetation of pteridophytes (approx 36 species, 15 genera) in entire 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 frequently observed in Hadauti plateau where 

thick and dense forests, wet and shady habitats, streams, springs and other water reservoirs exist 

and are known as favorite shelter places for pteridophytic species. The North and North-East 

portions of the state are poor in pteridophytic vegetation as these areas are full of sand dunes. 

However, along the banks of ponds, a few species of Marsilea e.g. M.aegyptica at Jodhpur, 

M,minuta and M.rajasthanensis at Kolyat (Bikaner) grow during rainy season. Therefore, 

pteridophytes of Hadauti plateau hold a significant position with respect to their occurrence and 

distribution. During rainy season a number of pteridophytes grow and survive in the valleys and 

ravines of River Chambal. 

Present study mainly concerns with the survey of Marsilea populations of South Eastern 

Rajasthan constituting the Hadauti plateau.  
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Hadauti plateau  

It is situated at the edge of Malwa Plateau at 23Á45ô to 25Á53ôN latitude and 75Á9ô to 77Á26ô E 

longitude in south eastern corner of the state. The total area of the plateau is 24,156.6 sq. km. and 

from administrative point of view, it covers Kota division of Rajasthan including Kota, Bundi, 

Jhalawar and Baran districts respectively [Figure1]. The plateau is quite unique due to its 

perennial and seasonal rivers and other water reservoirs, thick and dense forest supporting the 

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

an agricultural region with an agrarian economy. The Hadauti plateau comprises many kinds of 

habitats viz. crevices of rocks and ravines, shady and moistureful valleys, waterfalls, marshy 

land and ditches, aquatic and semi ï aquatic as also xerophytic and lithophytic substrata where 

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

Topography, geographical features and description of various Marsilea localities 

observed in Kota and sub-urban areas during the survey period are being described. 

KOTA [FIGURE 1(b)] 

Kota, formerly known as Kotah, is the third biggest city in the Northern Indian state of Rajasthan 

after Jaipur and Jodhpur. Kota region is situated on the banks of Chambal river and has been 

identified as a counter-magnet city for the National Capital Region to 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, coriander and oilseeds are grown; Industries include cotton and 

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

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



 
 

 
 

 

 

 

 

 

 

 

Figure- 1 

 

(a) Location map of study area 

 

(b) Hadauti Plateau highlighting surveyed localities. 
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The city of Kota is situated at the center of the southeastern region of Rajasthan, and is 

widely known as Hadauti the land of the Hadas. Kota lies along the banks of the Chambal river 

and is the third largest city in Rajasthan. The cartographic coordinates are 25.18°N75.83°E It 

covers an area of 12,436 km
2
 (3.63 per cent of the Rajasthan State).

 
It has an average elevation of 

271 metres (889 ft). The district is bound on the north and north west by Sawai Madhopur, Tonk 

 and Bundi districts. The Chambal River separates these districts from 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 part of the Malwa Plateau. The 

Mukandarra hills run from southeast to northwest axis of the town. It is 36 km from 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 the several 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 hubs in northern India, with 

chemical, engineering and power plants based there 

Kota has a semi arid climate (Köppen climate classification BSh) 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 season follows 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. Temperatures however between 26.7°C (max) to 12°C (min) 

The average annual rainfall in the Kota district is 660.6 mm. Most of the rainfall can be 

attributed to the southwest monsoon which has its beginning around the last week of June and 

http://tools.wmflabs.org/geohack/geohack.php?pagename=Kota,_Rajasthan&params=25.18_N_75.83_E_
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may last till mid-September. Pre-monsoon 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 the Western Disturbance passing over the region. 

BORAWAS  

This locality is situated approximately 25kms. from government college, Kota  along 

Kota Rawatbhata route. It is one of the important locality of an endemic rare pteridophyte, 

Marsilea cf. coromandelina which is confined to a small patch in a deep depression. It has been 

observed that during rainy season the patch gets submerged with water and this species appears 

in mid July-August and completes its life cycle within a short span around mid October. This 

particular locality needs to be protected and is in danger 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 and garden is also located at 

the eastern bank of Abhera pond having an approximate area of 100 hectares. Marsilea minuta 

was found growing contiguously with Isoetes in this locality. 

MANDANA   

It is a village of Ladpura Tehsil in Kota District of Rajasthan State. It is located 34 kms 

towards South from district head quarter Kota, 101 kms from Ladpura, 258 kms from State 

capital Jaipur. 
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It is situated about 33 kms away from Government College, Kota. A Marsilea minuta 

rich locality was found along the roadside of Mandana bus stand. Besides this Actinopteris 

radiata was also found growing as epiphyte on old buildings of this village.  

TALWANDI  

It is in the heart of Kota city. Marsilea populations are found growing abundantly along 

the road side throughout the year. 

SURVEY AND COLLECTION  

Following species of Marsilea populations growing at selected localities in Kota and 

adjoining areas were taken up for the present study. 

1. M.minuta Linn. 

2. M.minuta (hybrid) 

3. M.cf. coromandelina complex. 

The populations of these Marsilea species collected from the selected localities are 

represented in Table-1. Figure 2 to 6 represent the Marsilea populations of the selected localities 

growing in nature and under cultivated conditions. 
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Table 1 

 

Surveyed localities of Marsilea population of Kota District  

 

 

 

 

S.No. POPULATION  LOCALITY  SITE 

A M.minuta 

 

Talwandi 

(Kota city) 

A massive patch along the road side situated in 

the centre of Kota, which remains flooded with 

water   throughout the year. 

B M.minuta 

 

Anantpura 

(Kota city) 

A small patch on the City Mall road representing 

both hydrophytic and xerophytic condition. 

C M.minuta (hybrid) 

 

Mandana 

(sub urban) 

A small patch near Mandana bus stand 

D M.cf.coromandelina 

 

Borawas 

(sub urban) 

A small patch located ahead of Borawas, 27 Km 

away from Kota city.  

E M.minuta 

 

Borawas pond 

(sub urban) 

Dense patch along the edges of the Borawas 

pond. Flooded with water only during rainy 

season. 

 

 

 

 



 
 

 
 

 

 

 

 

 

Figure ï 2(a-e) 

Marsilea minuta population at Talwandi locality 

 

(a) Road side view : Marsilea minuta population 

(b) Under pot cultivation 

(c) Herbarium specimen 

(d) Horse grazing : All plants except Marsilea 

(e) M.minuta population growing exclusively with the most problematic 

weed water hyacinth Eichhornia crassipes at Talwandi site. 

 

 

 

 

 

 



 
 

 
 

 

                                                    

 

 

 

 

 

 

 

 

 

                                   

 

 (a) 

Figure-2 

 (b) 

 (c) 

 (d)  (e) 



 
 

 
 

 

 

 

 

 

 

 

 

Figure ï 3(a-d) 

Marsilea minuta (hybrid) population at Anantpura locality  

 

(a) Site view 

(b)  In nature 

(c) Under pot cultivation 

(d)  Herbarium specimen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

 

 

 

 

 

  

                                                                               

 

        

 

 

 

 

                                                                   

 

 

 

                                                                          

                                                                             

                                                                          

                                                                                     

 

 

 

 

                                                                  

                                                                

 

 

 

Figure-3 

 (a) 

 (b) 

 (c) 

 (d) 



 
 

 
 

 

 

 

 

 

 

 

Figure ï 4(a-e) 

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-4 

 (a)  (b) 

 (c) 

 (d)  (e) 



 
 

 
 

 

 

 

 

 

 

 

 

Figure ï 5(a-e) 

M.cf.coromandelina population at Borawas locality 

 

 

(a) A key mark (empty well like) for the easy location of endemic       

M.cf.coromandelina locality at Borawas 

(b) Site view- Isolated patch of M.cf.coromandelina filled with water in 

rainy season 

(c) In nature (vegetative phase) 

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

plants.  

 

  

  

 

 

 

 

 

 

 



 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure- 05(a-h) 

(e) 

(e) 

 (a) 

 (b) 

 (c) 

 (d) 


