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Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella



Rhynia Introduction Kidston and Lang (1917) discovered the fossils of Rhynia from the Rhynie locality of Aberdeenshire in Scotland. There are two species of Rhynia viz., R.major and R. gwynne-vaughani are found preserved as whole plants in siliceous rocks of the Lower Devonian age. The remains of these plants are found in petrified condition. They grow near volcanoes in habitats.



Plant Body Rhynia was herbaceous plant. The plant body consisted of a subterranean, prostrate, cylindrical and dichotomously branched rhizome which had dichotomously branched leafless aerial shoots. The aerial shoots of R.major were estimated to be 50 cm long and 6 mm in diameter and those of R. gwynne-vaughani were comparatively smaller. The plant lack roots, but tufts of rhizoids present towards lower portion the rhizome. Many adventitious branches were found on the rhizome and aerial shoots and they were probably means of vegetative propagation. The aerial branches bore pearshaped terminal sporangia.
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Fig.1. morphology of Rhynia Anatomy of rhizome and aerial shoot



Epidermis The outermost layer forms the epidermis of thick walled cells which had a thick layer of cuticle. The aerial shoots had stomata with two guard cells, surrounded by many subsidiary cells. Epidermis Phloem Xylem Inner cortex



Outer cortex



Fig.2 T.S view of shoot of Rhynia. Cortex



Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella Cortex is distinguished into an outer and an inner region. The outer zone consisted of 1-4 layers of compactly arranged angular parenchymatous cells. This region perhaps represents hypodermis. The inner cortex was consisted parenchymatous cells with intercellular spaces which are connected with the outer stomata. In the cortex, some fungal hyphae were present. Vascular system



A protostele was present in the central zone of the shoot and rhizome in which Phloem surrounded xylem. The xylem was made up of tracheids with annular or spiral thickenings. The phloem consisted 4-5 layers of thin walled elongated cells with oblique end walls. There were some minute sieve-like areas on the lateral walls of the phloem cells. Endodermis and pericycle were not distinct.



Reproductive Structure: Sporangia



Sporangia were present singly on the apices of aerial shoots. The sporangia were oval and nearly 12mm long and 4 mm wide. Sporangium had a multilayered jacket, in which the outer wall is made up of thick-walled cells, and then 2-3 layers of thin walled palisade-like cells. The innermost layer had small rounded cells, which seems to be tapetum. There were many spore tetrads were present in the sporangium.



Tapetum



A



Spores Jacket Aerial shoot
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Fig.3; Rhynia A. Sporangium, B. Spore tetrad,C. Spore. The spore size was 65 microns and all spores were similar (homosporous).They had thick cutinized wall. Each spore showed a triradiate mark. The tetrahedral arrangement of spores suggest that they were by meiosis. The gametophyte in pteridophtes is generally very fragile and there is no information of the gametophyte of Rhynia.
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Psilotum Class: Psilotopsida Order: Psilotales Family: Psilotaceae Genus: Psilotum



The Order Psilotales comprise a single family Psilotaceae which consists of two only two genera– Psilotum and Tmesipteris. They appeared in the late Silurian and flourished during lower and middle Davonian period of Paleozoic era. They are primitive and considered to be among oldest known vascular plants in which the roots are absent and the shoot is either leafless or with rudimentary leaves. They are sometime considered to intermediate between the aquatic algae and terrestrial and more complex vascular plants like the lycopods, hrsetails and the ferns. They resemble some algae in dichotomously branched axes and absence of leaves and roots. However, they possess definite cuticle b) stomata c) cutinized spores and well defined xylem and phloem as vascular system are found in living form.



Characteristic features: 1.) The sporophyte plant body is differentiated into a subterranean prostrate branched rhizome and dichotomously branched erect aerial axis. 2.) Sporophyte lacks root, water absorption is performed by large rhizoides borne on rhizome. The rhizomes commonly have mycorrhizal association. (e.g., Psilotum) 3.) The aerial shoots lack true leaves and may bear scale – like or small leaf- like appendages. 4.) Vascular cylinder consist of central solid core of xylem surrounded by phloem consist of thin walled vertically elongated living cells.
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Synangium Scale leaves



Aerial shoot



Psilotum nudum in natural habitat



http://www.nzpcn.org.nz/flora_details.aspx?ID=2229



http://www.levypreserve.org/Plant-Listings/Psilotumnudum



Systematic position Smith, 1995: On the basis of International code of Botanical Nomenclature (1952) gave the following classification of vascular cyptogams.He included them under the 4 divisions: Division – Psilophyta Class – Psilophytinae(included orders:Psilophytales and Psilotales)



Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella Division – Lepidophyta Class –Lycopodinae(included orders Lycopodiales, selaginallales, Lepidodendtales and Isoetales) Division – Calamophyta Class – Equisetinae (included orders Hyeniales, sphenophyllales and Equisetales) Division – Pterophyta Class – Filicinae (included subclasses Primofilices, Eusporangiate and Leptosporangiate) Bierhorst(1971): Included all the vascular plants under the division – Tracheophyta.He dropped the taxon subdivision and classified the division directly into different classes, orders, families, etc as follows Division - Tracheophyta Class – Rhyniopsida (included orders –Rhyniales) Class – zosterophllopsida(included order – Zosterophyllales) Class – Lycopodiopsida (included orders – Asteroxylales, Lycopodiales, Protolepidodendrales,



selaginellales.Lepidodendrales, Isoetales).



Class – Cladoxylopsida (included order – Cladoxylales) Class- Equisetopsida (included orders – Hyeniales, Pseudoborniales, Sphenophyllales, and Equisetales) Class-Coenopteridopsida (included order – Coenopteridales) Class-Filicopsida (included orders –Noeggerathiales, Filicales, Marsileales, and Salviniales). Class-Ophioglossopsida(included order – Ophioglossales) Class- Marattiopsida (included order-Marattiales) Gifford and Foster (1989): Instead of considering Tracheophyta as one division of vascular plants,recognized fifteen divisions.The 7 divisions of Pteridophytes are as follows: Division 1. Rhyniophyta(extinct plants- Rhynia,Horneophyton,cooksonia,Taeniocrada) Division 2.Zosterophyllophyta (extinct Plants – zosterophyllum ,sawdonia,gosslingia). Division3. Trimerophytophyta (extinct plants – Psilophyton ,Trimerophyton). Division 4.Psilophyta (two living genera –Psilotum and Tmesipteris Division 5.lycophyta (extinct plants such as Lepidodendron and the living genera – Lycopodium,selaginella,Phyloglossum,Isoetes ,Stylites).



Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella Division6.sphenophyta (extinct plants such as calamites,sphenophyllum,archaeocalamites,etc and one living genus – Equisetum) Division 7.Filicophyta (All living and extinct ferns) The most widely accepted simple and convenient system of classification of vascular cryptogams is outlined below .This classification is based on Smith, 1995; Bold, 1957, 1967; Benson, 1957 and Zimmermann, 1959. Division-Psilophyta Class - Psilophytopsida Order -Psilophytales Class – Psilotopsida Order – Psilotales Division – Lycophyta (Lepidophyta) Class - Eligulopsida Order -Lycopodiales Class- Ligulopsida Order – Selaginellales Order -Isoetales Order-Pleuromelales Order – Lepidodendrales Division – sphenophyta (Arthrophyta) Class – sphenopyllopsida Order -Sphenophyllales Class -Calamopsida Order - Calamitales Order -Hyeniales Order-Equisetales Division-Filicophyta (Pterophyta) Class – Eusporangiate Order -OPhiioglossales Order-Marattiales Class-Leptosporangiopsida Order -Filicales Order -Marsileales Order-Salviniales Class – Primopteropsida



Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella Order -Cladoxylales Order-Coenopteridales According to Smith et al (2008) the single family Psilotaceae is placed under the order Psilotales in the Cass Psilopsida as follow: Division: Pterophyta Class Psilotopsida Order: Ohioglossales Family: Ophoiglossaceae Order: Psilotales Family: Psilotaceae



Did you know: If we bury the growing tip of the aerial shoot again in soil it will develop into rhizome rather than giving rise to the aerial shoot.



The family Psilotaceae consists of living members which have dichotomously branched aerial shoots and that may bear scale like appendages. The sporangia are borne on short lateral branches in their axil of leaf like appendages. Gametophytes are cylindrical, remain under the soil and saprophytic. Antheridia are partially embedded. Antherozoids are multiflagellate. The family includes two genera: Psilotum (2 species) and Tmesipteris (10 species).



Occurrence The genus Psilotum is represented by only two species – P. nudum (P. triquetrum) and P. flaccidum (P. complanatum). Psilotum is commonly found throughout the tropical and subtropical regions of the world including India. It grows as epiphyte as well as terrestrial on rock crevices. In India, P. nudum (L.) Beauv is found in Pachmarhi hills, Kullu, West Bengal, Assam and some places of South India. Epiphytic forms grow pendent on the branches of tree (75-100cm high). P.flaccidum differs from P.nudum in possessing Pendent flattened stem. P. companultaumis found in Fiji as epiphytic. P. flaccidum is long (about 90 cm) pendulous epiphytic.
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The Plant Body (Adult Sporophyte) The Plant of P. nudum is generally 20cm high but under favorable conditions, it may reach up to 100cm.The Plant body has abasal underground rhizome and an erect hanging green aerial shoots. Rhizome:It remains below the soil surface and is dichotomously branched. Roots are absent and large numbers of filamentous, long, thin, one to three celled, brown rhizoides. They arise from epidermal cells of the rhizome. Rhizoides performs the function of anchorage (fixation) and absorption and harbour mycorrhizal association within cortical cells which also helps in absorption of water and minerals. Erect or Pendent green aerial shoots: It arises from rhizomatous branches, which turn upwards. High light condition promotes more aerial branches from rhizome. Aerial shoots are green and dichotomously branched. The basal portion of aerial shoots is multiangular whereas the upper portion is triangular. The aerial shoots bears spirally arranged minute, scale like leaves. The aerial shoot is photosynthetic and leaves lack any vasculature.
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http://www2.puc.edu/Faculty/Gilbert_Muth/botglosp.htm



Internal Structures:



Anatomy of rhizome (Fig : ): Rhizome is circular in outline in T.S view. The rhizome consists of outermost epidermis with cuticle followed by broad zone of cortex, encircled by endodermis. A few cells elongate to produce one to three celled rhizoides. In the mature cortex of the rhizome is divided into three zones the outer cortex consists of thin – walled parenchymatous cells with hyphae of endophytic mycorrhizal fungus. Cells of the middle cortex possess abundant starch grains, the innermost cortex is 2 – 4 layered, consist of thin – walled cells have deposition of Phlobaphene (a substance formed by oxidation and condensation of tannins). Endodermis surrounds the central stele. The cells of endodermis show distinct casperian strips. A single layered parenchymatous Pericycle is also absent. The central solid core of xylem is surrounded by phloem and pith is absent. In old and thick rhizomes, the centre is occupied by tracheids with scalariform pitted thickenings. The xylem is surrounded by phloem, which is composed of angular cells sometimes lignified at corners.



Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella Inner cortex Epidermis
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Outer cortex Middle Cortex



Cross section of rhizome http://www.users.miamioh.edu/smithhn/mattpage.htm



Anatomy of aerial stem: The aerial stem is usually triangular in outline. A thick cuticle is present on the epidermis. The epidermis is made up of rectangular cells with thickened outer tangential walls. Many sunken stomata are present in the longitudinal furrows. The cortex is divided into –outer, middle and inner



cortex.
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cortex
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parenchymatous cells which are connected with the stomatal pores. Intercellular spaces are also present. The middle cortex is 4 – 5 layered walled sclerenchymatous cells .The Inner cortex consists of compactly arranged thin walled parenchymatous cells with starch grains. The endodermal cells show deposition of casperian thickenings on their radial walls. Single layered Pericycle is also present, which encloses the vascular tissues. The stele shows variation from base to the apex of aerial branches. It is Protostelic at the base and some parenchyma is present in the centre in the middle and upper part .At the extreme apex the xylem splits into two distinct patches. Usually, in most of the parts, the xylem is 5 to 7 lobed but it is 3 lobed in the apical part. The protoxylem lies at the tip of each lobe (i.e. exarch).The star shaped xylem encloses sclerenchymatouspith. The xylem is completely surrounded by phloem.
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http://palaeos.com/plants/glossary/glossaryA.html



http://www.users.miamioh.edu/smithhn/mattpage.htm



Anatomy of leaf: The leaf has single layered cuticularized epidermis enclosing chlorenchymatous mesophyll. The vascular tissue and stomata are absent.



Vegetative reproduction of sporophytes Holloway (1939) and Bierhorst (1954) reported the presence of minute, ovoid and multicellular outgrowths arising on the rhizome and also on prothallus of Psilotum nudum. These outgrowths are called as gemmae and brood bodies. They are one cell layer thick and generally arise near the tip of rhizome and the axils of branches. Cells of gemmae contain starch grains. When produced on rhizome, they produce sporophytic plants whereas those produced on prothallus give rise to new prothalli.



Sexual reproduction The spores are produced inside specialized trilobed structures called as synangia (or sporangia).The synangia are borne in the axils of bilobed foliar leaves on the upper portions of aerial branches and are spirally arranged. The synangia are borne in the axils of bilobed foliar leaves on the upper portion of aerial branches and are spirally arranged. Each synangium considered as the fusion product of three sporangia (Bierhorst, 1965).Each mature sporangium is trilobed and consist of three structure fused locules. The wall of synangium is 3- 4 layered. The epidermis has thick walled cells. The inner layer extends to form septa, which separates the three locules. Each locule has a large number of bean shaped spores. All



Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella the spores are of one type. They are formed in tetrahedral or isobilateral tetrads .Each spore shows a median slit surrounded by a narrow ridge.



Synangium



http://imgarcade.com/1/psilotum-stem/ http://www.bio.miami.edu/dana/226/226F09_19.htm



Development of Synangium: The synangium (fused sporangia) develops from a group of initials (eusporangiate type). According to Bower (1935), the sporangium arises as an outgrowth on the adaxial side of the bilobed appendage. However Bierhost (1956) stated that the sporangium arises earlier than the bilobed appendage. Each lateral outgrowths, grows by means of an apical cell to form a short multicellular fertile axis (stalk of sporangium). Three separate surface initials make their appearance at the stalks. These initials form 3 to 4 layered wall and sporogeneous cells of the sporangium. Sporogenous cells after mitotic divisions develop into spore mother cells and later undergo meiosis to produce spores. The synangium splits along three longitudinal lines of dehiscence passing through the median line of each sporangium lobe and results spore dispersal.
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Outer wall layer Inner wall layer Septum



http://www.users.miamioh.edu/smithhn/woowebpage.htm



Gametophyte generation The haploid spore is the first cell of gametophyte generation. The spores of are uninucleate and bilaterally symmetrical. A linear scar in each spore, monolete represents the line of contact with other spores of a tetrad. Each spore has a two layered wall. The outer exine is lightly reticulate. The inner intine is thin. Germination of spore: The process of spore germination is very slow and takes about 3 – 4 months .The spore absorb water and swells. The exine rupture along the linear scar and intine comes out to form a tube. It divides by a transverse wall forming upper and lower cells. The upper cell divides by oblique walls and an apical cell is formed. Apical cell divide and redivide to form and a thin,multicellular,colourless prothallus. It develops a few rhizoids and establishes mycorrhizal association. The mature prothallus: The mature prothallus is cylindrical and dichotomously branched structure about 20 mm long and upto 2 mm in diameter. It remains subterranean in the crevices of the rocks or on the tree trunks. Rhizoids arise from the surface of the prothallus short, filamentous and 2-3 celled. The prothallus is associated with endophytic fungus (mycorrhizal) and leads saprophytic mode of nutrition.
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http://siera104.com/bio/lab23.html



The subterranean gametophytes of Psilotum possess central conducting strands demarcated by endodermis. The conducting strand consists of one to three tracheids with annular or scalariform thickenings surrounded by elongated elements. Vascular tissue arises from the apical meristem. Gametangia: Psilotum is monoecious and homothallic. Antheridia and archegonia are borne scattered over the entire surface of prothallus. Theantheridia develop prior to archegonia.



Mature antheridium: The mature antheridium is globular, sessile and projects above the surface of prothallus. It consists of single layered sterile jacket enclosing upto 250 antherozoids. The spirally coiled; multiflagellate antherozoids are liberated through a pore. They swim in the film of water and reach archegonia by chemotactic attraction.



Mature archegonium: The archegonium is embedded in the gametophytic tissue. Nearly mature archegonium consists of a protruding neck, of 4-6 tiers of four cells. The neck encloses 1-2 neck canal cells and the basal broad portion contains, single ventral canal cells and an egg.
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Development of antheridia and archegonia from mature prothallus.http://faculty.clintoncc.suny.edu/faculty/michael.gregory/ files/bio%20102/bio%20102%20lectures/seedless%20plants/seedless%20plants.htm Fertilization: On maturity archegonium secretes some chemical substances, to attract antherozoids. The spirally coiled, multiflagellate antherozoids swim in the film of water and chemo tactically attracted towards the archegonial neck. One of the antherozoids fuses with the egg resulting in the formation of diploid zygote. Base of archegonium surrounds the zygote.



http://nickrentlab.siu.edu/PLB304/Lecture06Pterid/Ferns.html



Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella The Embryo: Diploid zygote is the first cell of sporophytic generation. It remains inside the archegonium and develops into an embryo. The zygote divides by transverse division forming an outer epibasal cell and an inner hypobasal cell. The hypobasal by repeated divisions form a multicellular, lobed foot. The epibasal cell divides and forms a rhizome like structures and later produces the aerial shoots. The kind of embryo development in Psilotum is regarded as exoscopic, where the shoot forming apical cell is directed towards the archegonial neck. The embryo of Psilotum is remarkably different from most of the other pteridophytes in lacking initials of suspensor, leaf and root. Apogamy has been reported in P. nudum (Bierhorst, 1971)
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Selaginella Division: Lycophyta Class: Ligulopsida Order: Selaginellales Family: Selaginellaceae Genus: Selaginella



Introduction This order Selaginellales represented by only single living genus Selaginella. An extinct genus Selaginellates was discovered from carboniferous period. Some species of Selaginella are capable of flexing their branches and roll to assume the shape of balls under prolonged dry conditions. On return of moisture they resume their normal form and metabolism; such plants are called „resurrection plant‟



The main features of the family are:



1. Sporophyte is herbaceous and the shoot is prostrate, erect. Leaves are arranged in distichous manner. 2. The leaves are small (microphyllous) and a ligule is present at the base of each leaf and sporophyll. 3. In many species the root system is produced from leafless branches a rhizophores. 4. The sporophytes are Heterosporous, and the sporophylls are usually aggregated into strobili. 5. The gametophytes are extremely reduced in size, and show segregation of sex, i.e. dioecious. 6. The male or micro gametophytes, and the female or megagametophyte are different in size.



Systematic position Selaginellaceae is an ancient group of lycopods along with Lycopodiaceae and Isoetaceae under the phylum Lycophyta. Selaginellaceae are heterosporous group comprising the single genus Selaginella. Genus: Selaginella Subgenus: Euselaginella



Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella Group: selaginoides Group: pygmaea Group: uliginosa (Ericetorum) Group: rupestris (Tetragonostachys or Bryodesma) Subgenus: Stachygynandrum Series: Decumbentes Series: Ascendentes Series: Sarmentosae Series: Caulescentes Series: Circinatae Series: Articulatae Subgenus: Homostachys Subgenus: Heterostachys Occurrence: Selaginella comprises nearly 700 species found under diverse climate conditions. In India, 71 species of Selaginella are reported that are found in the Himalaya and South India. They are distributed mainly in tropical and sub–tropical regions of the world in moist places. A few species grow in extreme xerophytic conditions in desert regions (S. lepidophylla, S. pilifera, S. wightii, S. repanda). Majority of species are herbaceous perennials that are dorsiventral and grow prostrate. However, some are scandent (S. wildenovii, S. adunca) and suberect and also caulescent with erect stems arising from creeping rhizomes (S. umbrosa). Some species grow on tree trunks and branches are epiphytes (S. oregana). Some species are used as ornamentals (S. kraussiana, S. picta, S. adunca)



The Plant Body (Sporophyte) Plants has prostrate and dorsiventral plant body while others may be radial and erect, sub– erect or rarely scandent. Some occur as climber and climbs with the help of pads developed at the ends of rhizophores. On the basis of type of leaves, the species of Selaginella are divided into two sections – Homoeophyllum (all leaves of a plant are similar) and Heterophyllum (heterophyllous i.e. two kinds of leaves) (Hieronymus, 1990)
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Stem :The stem may be erect , suberect, prostrate or pendent commonly much branched , branches and sub branches often grow in the same plane .The branching is generally dichotomous. The equal growth of the main axis and the branch give the appearance of a dichotomy. Leaves: The leaves are small (microphyllous) thin, simple, sessile and lanceolate or obvate with distinct mid-rib. Lamina margins may be entire or serrate and apex is acute. The species of Heterophyllum section have anisophyllous (heterophyllous) i.e. consist of two kinds of leaves. There are two rows of smaller dorsal leaves and two rows of larger ventral leaves so forming four vertical rows attached laterally on the dorsiventral stem. The smaller and larger leaves alternate each other. The arrangement of the leaves on the stem is always spiral having dorsiventral symmetry .Leaves of all the species possesstongue like ligule at the base of each leaf on its upper surface of which is a characteristic feature of Ligulopsida).



http://www.plantscience4u.com/2014/05/notes-on-selaginellasystematic.html#.U9iMzvmaVCQ
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http://www.uq.edu.au/_School_Science_Lessons/UNBiology1.ht



Spiral arrangement of leaves



http://www.discoverlife.org/mp/20p?see=I_RCR1977



Selaginalla selaginoides, isophyllous leaves arranged spirally)
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http://www.aphotoflora.com/clubmoss_mossy_selaginella_kraussiana.html



Figure showing leaf arrangement in S.kraussiana; a. dorsal view; b. ventral view



Ligule: The ligule develops early during the development of the leaf and arises from the base of leaf on the upper side. The ligule may be tongue shaped (S. chrysocaulos), wedge shaped (S. martensii) , lobed (S. caulescens), lanceolate or may even have segitated margins (S. cuspidata).It withers away in mature leaves .Each ligule distinguished into glossopodium and the body of ligule. The glossopodium is basal hemispherical portion embedded in a cup shaped glossopodial sheath. It secretes mucilage and keeps sporangium and the young leaf moist. Rhizophore: In dorsiventral species, some specialized long, leafless root like structure appear which is rhizophore. It develops from group of the meristematic cells present at the dichotomy of the branches and grows downward. It develops adventitious roots at its terminal end. Rhizophore lack the root cap. Roots: Adventitious roots originate from the swollen base of hypocotyls and directly from the stem and also from the tip of rhizophores. They arise endogenously and branch dichotomously. The roots have root caps and root hairs. Endophytic fungus has been reported in the cortical cells of the root.



Internal structures: Anatomy of stem:



Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella Internally the stem is differentiated mainly into epidermis, cortex and stele. Epidermis: It consists of thick–walled, prosenchymatous cells. Stomata are absent. A thick cuticle is present on the epidermis. Cortex: The outer 2-4 layers of cortex consist of thick walled, sclerenchymatous hypodermis whereas the rest of cortex consists of thin walled, green polygonal parenchymatous cells.



http://delta-intkey.com/britly/www/skrasuss.htm



Endodermis: In the young stem endodermis is single layered which surrounds the steles but in mature stem, cells of endodermis elongate in radial direction and separate from with each other, thus forming broad air spaces. It shows a zone of air spaces and radially traversed trabeculae (modified endodermal cells). The trabeculae possess casperian thickenings. The trabeculae are unicellular but may become multicellular filamentous due to formation of tangential walls. Vascular system: The stem may be monostelic, distelic or polystelic.



Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella a. Single flattened or ribbon-like stele (monostele) – occurs in dorsiventral stems of S. chrysocaulos b. Single cylindrical stele (monostele) with polyarch condition – occurs in erect stems of S. selaginoides. c. Single cylindrical stele (monostele) with endarch condition of xylem – occurs in trailing stems of S. selaginoides. d.



Two steles (distelic condition) running parallel and joining at the points of dichotomy – occur in S. kaussiana.



e. Many flattened or ribbon like steles (polystelic condition) – occurs in S. willdenovii. Each stele has a central solid core of xylem surrounded by phloem and Pericycle. Phloem consists of parenchyma and sieve cells. The companion cells are absent. Xylem is diarch and exarch .The metaxylem occupies central position whereas protoxylem lies towards periphery .The metaxylem is composed of scalariform tracheids whereas protoxylem has annular and spiral tracheids. A few species of Selaginella remarkable in having true xylem vessels in their xylem (S. rupestris, S. oregana).Secondary growth absent in Selaginella but secondary xylem elements are reported in the basal portion of the stem of S. selaginoides. Leaf: The leaf is small, simple and dorsiventral. It consists of prominent upper and lower epidermis. Stomata are mostly present in lower epidermis. Mesophyll consists of thin walled spongy parenchyma with large intracellular spaces. Cells of epidermis and mesophyll contain variable number of chloroplast. In a few species each cell contains single cup shaped chloroplast, which is associated with numerous spindle shaped pyrenoid like those of Anthoceros.



Upper epidermis Xylem Chloroplast Mesophyll Phloem



Lower epidermis Bundle sheath T.S. of Leaf http://plantphys.info/plant_biology/labaids/selaginellalab/
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Ligule: It is a small appendage consists of two parts, basalglossopodium and upper the body. The glossopodium is circular portion embedded in a cup shaped sheath. The cells of sheath are tubular. The glossopodium has vertically elongated cells. The body of ligule consists of polygonal parenchymatous cells filled with dense protoplasm.



Body of Ligule



Glossopodium



Basal sheath Selaginella sp. A ligule http://www.biologie.uni-hamburg.de/bonline/library/webb/BOT201/Selaginella/selaginella4.htm Rhizophore: In the transverse section it shows circular outline, It has a thick walled epidermis and the cortex with outer two layers of sclerenchymatous and 2-3 inner layers of parenchymatous cells. The endodermis is followed by a single layer of parenchymatous pericycle. The xylem is surrounded by phloem which consists of sieve cells and parenchyma. Root: Epidermis consists of large thin walled cells. Few cells of epidermis elongate to form root hairs. Cortex mainly consists of thin walled parenchymatous cells. Sclerenchymatous hypodermis is also present. The endodermis is followed by 1-3 layered pericycle. Stele is protostele (central solid core of xylem is surrounded by phloem).The xylem is monarch (only one group of protoxylem) and exarch.
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protoxylem



Epidermis



Metaxylem



Pericycle Hypodermis Endodermis



Phloem



Cortex



T.S of Root http://plantphys.info/plant_biology/labaids/selaginellalab/



REPRODUCTION Vegetative reproduction



(i)



Fragmentation: Under humid conditions the plants develop roots and adventitious buds on prostrate branches which break their connections from parent plant and grow as separate plants.



(ii)



Tubers: These are swollen structures that may develop at the apices of aerial vegetative and underground branches. Tubers store food and survive under adverse conditions and grow into new plants under favorable conditions.



(iii)



Resting buds: Some species develop very compact resting buds at apices of aerial vegetative branches. On the onset of winters they give off rhizophore that bear roots. These resting buds survive under adverse environmental conditions. They grow into new plants on the onset of favorable conditions.



Reproductions by spores: Sporangia on plant body produce haploid spores. Selaginella is heterosporous i.e. produces two different types of spores (i) microspores (ii) megaspores. Microspores



Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella germinate to produce male gametophyte and megaspore germinate to produce female gametophyte. Strobilus The microsporangia bearing leaf is called microsporophyll and megasporangium bearing leaf is called megasporophyll which appear on the terminal ends of main axis or lateral branches.



Sporangia



are



borne



singly



in



the



axils



of



microsporophylls



and



megasporophylls between the ligule and axis in the same axis. These sporophylls are present in a compact apical portion of shoot called strobilus. The microspores are produced in large numbers inside microsporangia and the megaspores are produced in small numbers inside megasporangia. Sporophylls differ in shape and size from the vegetative leaves.



http://www.askiitians.com/biology/plant-kingdom/pteridophytes.html
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Microsporangium



Megasporangium



http://plantphys.info/plant_biology/labaids/selaginellalab/



L.S. of strobilus showing a. Microsporangium bearing microspores and b. mega sporangium sowing megaspores



Microsporangium: The microsporangium is comparatively small structure with a short stalk and with spherical body. It has two layered wall, outer layer consists of chlorophyllose thick walled cell layer. Innermost layer is tapetum which serves nutritive function. Cavity of microsporangium is filled with a large number (600 – 2,000) of small microspores. Megasporangium: It is comparatively large, has short stalk and a large spherical four lobed body which has two layered wall and tapetum. Megaspores are large in size but their number remains small as compared to microspore. Dehiscence of sporangium: Both sporangia dehisce by vertical splitting of sporangial jacket into two valves. Spores start germinating in sporangia and liberated in semi germinated stage. The spores are



Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella liberated and scattered by wind. Microspores are thrown in small masses near mother plant. Megaspores are thrown to a greater distance. Gametophytic phase: The gametophytic generation begins with the production of haploid spores. Microspore and megaspores germinate to form male gametophyte and female gametophyte respectively. Male gametophyte: Microspore: They are tetrahedral and smaller in size (0.015 to 0.05mm). It starts germinating within microsporangia but the growth of gametophyte occurs after they shed.



The



spore



divides



and



develops



directly



into



antheridium.



Biflagellated



antherozoids are produced in antheridia which swim in film of water and reach to archegonium of female gametophyte. Female gametophyte: Megaspore: They are tetrahedral with a triradiate ridge and comparatively larger (1 to 5mm). They germinate within megasporangium and liberated in semi germinated stage. It develops into a pad of tissue still partly enclosed in the spore wall. Archegonia develop on the exposed part of the pad. Each archegonium has a short neck of two tiers of 4 cells each and basal broad venter. The upper tier of 4 cells function as cover cells. The axial row consists of single neck canal cell and venter has a ventral canal cell and egg. The complete archegonium except cover cells is embedded in cellular cushion of female gametophyte. Fertilization: Biflagellate antherozoids swim in the film of water and attracted towards some chemical substance secreted by the archegonia of nearby female gametophyte. They swim down the canal of open archegonium but only one fuse with egg forming diploid zygote. Embryo: The diploid zygote is the first cell of sporophytic generation .It secretes a protective wall and grows into an embryo. The development of embryo is endoscopic i.e., the apex



Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella of embryo being directed inwards (away from the mouth of archegonium). Zygote then grows by various cell divisions and develops into a young sporophytic plant body.



http://www.plantscience4u.com/2014/05/notes-on-selaginella-systematic.html Heterospory in Selaginella and its biological significance:



The production of two kinds of spores – the smaller microspores producing male gametophytes and the larger megaspore producing female gametophytes, is called Heterospory. The structural and functional Heterospory has been reported in 9 genera of pteridophytes (Selaginella, Isoetes, Stylites, Marselia, Pilularia, Regnellidium, Salvinia, Azolla and Platyzoma). Heterospory indicates the determination of sex by sporophytic plant during sporogenesis. Homosporous taxa indicate the determination of sex that is carried out by the gametophyte at the time of differentiation of antheridia and archegonia. Thus heterspory has shifted the sex determining capacity from the gametophyte to the sporophyte. The male gametophyte develops into antheridium with male gametes (antherozoids) whereas the female gametophyte produces archegonia and also provides nourishment to the developing embryo. The megaspores are larger in size and store more reserve food. The spores are reducednourished by sporophyte. It indicates the development of gametophytic tissue is reduced and sporophyte is elaborated, which well adapted to survive under varied environmental conditions .The phenomenon of heterospory lead to the reduction of gametophyte, in situ germination of spores, retention of megagametophyte in the megasporangia and finally to a kind of keeping the seed development. The germination of megaspore within walls of megaspore results in formation of captive female gametophyte. Transport of sperm nuclei to female gametophyte and development of an efficient means of sperm delivery to egg, are concerned with internal syngamy. So, there a strategy for protection of embryo by a seed coat. In Selaginella, the megasporangium can be compared with nucellus of an ovule where integuments not found. The megagametophyte is not permanently retained within megasporangium and the embryo does not have any period of dormancy. Selaginella can be treated as base for setting some primary requirements



towards seed habit.
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Economic importance 1. The plants of Selaginella are valued mostly for ornamental purposes. They are grown in pots for their attractive colored moss like foliage. 2. A few species are sold in market as curiosities under the name sanjivani “(resurrection plants”) (S.lepidophylla and S.pilifera), which remain green for longer period. 3. S. botryoides yield a drug, which is used in liver diseases. 4. Selaginella also contains variety of secondary metabolite, mainly biflavanoid which acts as antioxidants, anti– inflammatory, anticancer etc. 5. S. bryopteris used in the treatment of gonorrhea and other venereal diseases (Spermatorrhoea and leucorrhoea). S. repanda used against disease amenorrhea.



Summary Psilotum: It is popularly called as “whisk fern”, placed under the order Psilotales .Plant body is sporophytic and consist of subterranean rhizome and dichotomously branched aerial shoots. Rhizome is a cylindrical, prostrate, dichotomously branched structures and possess rhizoids, mycorrhizal hyphae also. Aerial shoots are photosynthetic and bears minute scale like leaves. Internally rhizome has solid core of xylem is surrounded by phloem protostelic while aerial stem shows variation from base to the apex of aerial branches, Protostele at the base and siphonostele in the middle and upper part. Gemmae or brood bodies help in vegetative reproduction and sexual reproduction occurs through spore producing organ i.e., synangia trilobed structures consist of three chambers .After maturity it dehisces and releases the haploid spores. Spores germinate and produce the mature prothallus that is small, cylindrical and dichotomously branched structure. Psilotum is monoecious and homothallic. Antheridia and archegonia are borne over the surface of same thallus Antheridia develop priorily later it releases antherozoids that swim in film of water and reach upto the archegonia, chemical substances releases from archegonia attract the antherozoids, which fuses with egg resulting in formation of diploid zygote. Diploid zygote is first cell of sporophytic generation that develops into embryo which grows into the adult plant body. Selaginella: Family Selaginellaceae only are comprises of two genera one is living selaginella other



is



extinct



selaginellites.



The



plants



also



commonly



known



as



“resurrection



Plants.Most species are perennial herb, few are annuals also. Plant body may found as prostrate and dorsiventral, some are erect and radial, suberect and climbers also. Stems shows



much



branching



that



is



dichotomous



but



later



become



monopodial



.Leaves



Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella arrangement divided the species into two categories homeophyllum where all leaves are of one type and are arranged spirally on stem. Secondly heterophyllum where leaves are of two kinds anisophyllous i.e. there are two rows of larger ventral leaves and two rows of smaller dorsal leaves forming four rows attached laterally on dorsiventral stem. A small tongue like structure ligule is also attached on adaxial side of each leaf.A long cylindrical leafless structure grows downwards into soil and cells of rhizophores originate from the dichotomy of branches. Internally the stem may be monostelic or polystelic. Endodermal cells elongates in radial directions forming trabeculae and separate with each other so broad air spaces develops between them. Rhizophore and roots areProtostele i.e.central solid core of xylem surrounded by phloem.The metaxylem occupies central position and protoxylem occurs in the form of a group towards periphery (i.e. is exarch). Leaf bears chloroplast associated with spindle shaped bodies pyrenoid. Reproduction occurs vegetatively through fragmentation , tubers , resting buds beside this plants reproduces by spores .Plant possess two types of spores i.e. microspores



small in size produce male gametophyte after germination ,while



megaspore comparatively larger after germinating forms female gametophyte both borne on the



microsporophylls



and



megasporophylls



respectively.



Male



gametophyte



after



developments produces antherozoids that swims and reaches upto the archegonia of female gametophyte and fertilization takes place. After fertilization diploid zygote forms that is first cell of sporophytic phase zygote further develops into embryo then into a complete adult plant body. Questions: 1. Define synangia .Give examples 2. Write note on following: a. Elaters b.Prothallus c.Rhizophore d.Development of synangium in Psilotum e. Prothallus of Psilotum 3. Where Psilotum is found in India? Mention the salient features of psilotales and discuss its systematic position.



Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella 4. Describe the external and internal structure of the stem of Psilotum.



5. Give a comparative account of spore producing organs of Psilotum, selaginella. 6. Is the so called rhizome of Psilotum a gametophyte or sporophyte? Explain. 7. Describe the chief characteristics of Psilotum and discuss the phylogeny of Psilotales in the light of researches. 8.Discuss about Heterospory and its biological significance. 9. Write short note on: I. II. III. IV.



Rhizophore Vegetative reproduction in selaginella Ligule Female gametophyte of selaginella



10. Briefly describe the life cycle of selaginella and mention its special features. Objective types: Select the correct answers: 1. If all the spores are of same size and shape, the plant is said to be a. Aposporous b. Homosporous c. Heterosporous d. None of the above 2. Spores of Pteridophyte are : a. Haploid b. Diploid c. Triploid d. Tetraploid
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3. Sporophytic generation is dominant in a. Algae b. Fungi c. Bryophytes d. Pteridophyte 4.



In Psilotum actinostele present



in the



a. Rhizome b. Basal portion of the stem c. Middle portion of the stele d. Apical region of aerial shoot. 5. Psilotum belongs to the order a. Psilophytales b. Psilotales c. Lycopodiales d. Equisetales 6.



Apical growth in Psilotum takes place by a. Apical cell b. Middle cell c. Basal cell d. Lateral cell



7. Pteridophytes or selaginella differ from moss in having a. An independent gametophyte b. Well developed vascular system c. Swimming antherozoids d. Archegonia 8. The rhizophore of selaginella are a.Root b. Stem c. Leaf d. Organ sui generis 9. The stem of selaginella are characterized by the presence of



Morphology, Anatomy and Reproduction of Rhynia, Psilotum and Selaginella a. Siphonostele b. Amphiphloic siphonostele c. Protostele d. Ectophloic siphonostele 10. The species of the following plants, are sometimes described as „resurrection plants‟ a. Pleopletis b. Lycopodium c. Equisetum d.Selaginella
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