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Systematic position



Division: Bryophyta Class: Bryopsida or Musci Sub-class: Sphagnidae Order: Sphagnales Family: Sphagnaceae Genus: Sphagnum



Habitat



Sphagnum is the ecologically most interesting and economically important genus of moss family. It is commonly known as bog moss, peat moss, turf moss because of its habitat (Fig.1). Approximately 10-17 species from total 336 species have been reported from India. All Sphagnum species are water loving and grow in acidic wet places as semi aquatics and submerged species. Individual moss plants grow in close proximity forming dense masses which form a continuous vegetative green spongy cushion on the surface of water. It is difficult to traverse over the boggy moss as anyone accidentally walking over it can get drowned with a noise. That is how the Sphagnum moss derived its name- the quacking moss.



Distribution Sphagnum has a cosmopolitan distribution except for the arctic region. It thrives very well in tropics and its distribution extends through the temperate zone to sub-arctic and Antarctic regions. Generally, it grows on peat and in oligotrophic waters. It also occurs on the wet dripping rocks; and furrows made by fast flowing streams of Himalayas.



Fig.1 Sphagnum: Habitat Source : http://www.nhdfl.org/events-tours-and-programs/visit-nh-biodiversity/philbrick-cricentibog.aspx and https://www.flickr.com/photos/snh-iyb2010/4496144607/
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Fig.2 A-F Sphagnum- habit A. S. capillifolium source: http://www.andrewspink.nl/mosses/sphagnum.htm B. S. angustifolium source: http://wisplants.uwsp.edu/bryophytes/scripts/detail.asp?SpCode=sphang C. S. quinquetarium source: http://elmusgo.blogspot.com/ D. S. rubellum Source-http://flickrhivemind.net/Tags/bryophytes/Interesting



E. S. wulfianum http://flickrhivemind.net/Tags/sphagnales/Recent F. S. lindbergii (left) and S. pulchrum (right) Source: http://jubryophytes.blogspot.in/2009/09/sphagnum-pulchrum.html



Habit Sphagnum is an erect perennial bryophyte and generally occurs in shades of green to yellow (Fig. 2A-F, PPT-1). Exceptions include deep red color (S. rubellum), rose-pink (S. plumulosum), orange pink to orange brown colors etc. As Sphagnum plants grow older, its basal parts die (Fig. 4F) and accumulate for years as partially decomposed material fills the ponds or lakes. However, its upper portion continues its growth without disintegration. It has been established that during the metabolism of Sphagnum, certain acids are released due to decomposition of certain salts by the cell walls, thus making the pH acidic. These acidic conditions do not favour the growth of bacteria and fungi owing to the absence of free oxygen. This leads to the retardation of decay and accumulation of dead tissue. Thus, there is consistent increase in mass of dead but partially decomposed gametophytic tissue, along with other accumulates of plants growing around. Eventually these partially decomposed deposits harden in to dark colored compressed substances rich in carbon, known as peat. Hence sphagnum is also known as peat moss. Sphagnum includes two alternating phases of generations: the gametophytic phase and sporophytic phase (Fig. 3A-C).



Gametophyte Phase (The plant body) The gametophytic phase starts with spore germination (Fig. 3A) and consists of the juvenile stage (Fig. 3B) and the leafy gametophytic stage (Fig.3C).



Juvenile stage Germination of sphagnum spore (Fig. 3A) results in the formation of protonema, which consist of short filament of few cells in young stage. Cells of protonema divide to form one cell thick, broad, irregularly lobed thallus which is attached to the substratum by multicellular rhizoids with oblique cross walls (Fig. 3B). The thalloid protonema of sphagnum gives insight into its relationship with liverworts.



Erect leafy gametophytes of Sphagnum



arise from margins of lobed protonema (Fig 3C). The stem of young gametophyte bears



delicate, multicellular hair like rhizoids at its base. However, the rhizoids disappear from the adult gametophyte plant.
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Fig.3 A-C Sphagnum- Juvenile stage: A, mature spore (A)and filamentous protonema arising from the germinating spore (C), B, Older thallose protonema (pr) bearing rhizoids (arrow), C Thallose protonema bearing a leafy gametophore (m) and several rhizoids. Source: A,C http://chestofbooks.com/gardening-horticulture/plants-and-their-uses/Part190-The-True-Mosses-Plant-Life-Histories.html#.VCzUXXvrbIU B http://www.animalsanimals.com/results.asp?image=MIC%20323DEE002%2001



Fig.4 A-I Sphagnum: A-C Portion of the gametophores bearing terminal ‘coma’ (arrow), diverging branches (arrowhead) and descending branches (db). D. A part of stem showing leaves, diverging and drooping branches. E. Top view of ‘Coma’ of S. palustre showing opening of apical buds. F. Plants with degenerated bases (arrow). G. T.s. stem depicting cortex (co), prosenchymatous region (pr) and axial cylinder (ac). H. T.s. branch showing retort cells (rc). I. portion of a defoliated branch showing the retort cells (arrows). Source: A. http://www.gret-perg.ulaval.ca/en/about/peatlands/vegetation/sphagnum/ B. Sphagnum palustre http://www.uni-graz.at/~oberma/moose/sphagnum-palustre.html. C. Sphagnum squarrosum http://www.nature-diary.co.uk/2008/03-31.htm http://www.anbg.gov.au/abrs/Mosses_online/images/Sphagnaceae_australe_51.pdf D. Sphagnum palustre http://www.nature-diary.co.uk/2005-02-15.htm E. Sphagnum inundatum http://www.discoverlife.org/mp/20q?search=Sphagnum%20inundatum F. Authors G. http://www.inds.co.uk/slides/slides.php?category=320. H. Authors



Adult leafy gametophyte External features The plant body consists of upright stem, leaves and lateral leafy branches (Fig. 4A-C). It lacks rhizoids. The stem which is few inches long, is quite weak but remains erect on the surface of water after gaining strength from close aggregations of surrounding plants. The stem shows two kinds of branches. Near the apex of stem, branches of limited growth are clustered together to form a compact distinct head or COMA or COMAL TUFT (Fig. 4A-C, E). This terminal tuft protects the apical bud. Comal tuft is formed due to reduced growth of internodes between the branch-tufts but as the stem continues to grow in length these short branches elongate. Lower down the stem, long branches arise in tufts of 3-8 in the axil of every fourth leaf. At times, one of the branches in a tuft becomes stout, grows upwards and repeats the pattern of main stem. Submerged forms have similar kind of branches but semiaquatic forms have two kinds of branches (Fig. 4A-D):



a) Pendant branches (Fig. 4A-D): They are long, slender, loosely arranged and turn downwards. After bending, the branches usually run parallel to the main axis and act as water conductors (Exoconduction). They are also termed as flagelliform, drooping or decurrent branches.



b) Divergent Branches (Fig. 4A-D): They are directed upwards, and are short and stout as compared to pendant branches. They grow out laterally from the main axis. They are also known as excurrent or ascending branches. Internal features a) Stem: It is internally differentiated into three distinct regions (Fig. 4G, H). Outer region is



cortex or hyalodermis. It is more than one cell thick and consists of thin walled, compactly arranged, hyaline cells. These cells become spongy or porous in older stems and are capable of water storage. They absorb water by capillary action. In some species, cortical cells elongate into distinct bottle like or flask-shaped structures with a curved neck (Fig. 4H, I). These are known as RETORT CELLS. Neck of each retort cell bears an apical pore. These special absorptive cells develop at points of insertion of leaves in certain species of sphagnum (eg S. molluscum and S tenellum). The cortex is followed by a few layers of prosenchymatous cells that are elongated and thick walled. This prosenchymatous region is known as hadrome and functions as a supporting tissue. Core of the stem is known as medulla or axial cylinder. It is composed of colorless collenchymatous, thin walled cells, which are somewhat elongated. The axial cylinder functions as a storage region (Fig. 4G). b) Leaves: They are characteristic and distinctive. Leaves are present on main stem as well as



on the branches (Fig. 4A-D, 5A). However, the leaves present on the branches are closely set and overlapping, whereas those on the main stem are little apart.



Leaves are



unistratose and lack midrib (Fig. 5B). The leaf of sphagnum is unique as it consists of two types of cells that are regularly arranged and alternate with each other forming a network (Fig. 5C, D, E): (i) Narrow and elongated chlorophyllous cells filled with numerous discoid chloroplasts (Fig. 5E, F). These cells are living, photosynthetic in function; and are also known as assimilatory cells. They are all joined together to form a network, each rhomboidal mesh being occupied by a dead hyaline cell (ii) Polygonal, large hyaline cells with thickenings and pores on their walls (Fig. 5E- H). They lack protoplasmic contents and thus are dead and empty. These colorless, wide cells are rhomboidal in shape and are filled with water. The upper or lower walls of hyaline cells bear circular or oval pores. The inner surfaces of the walls of hyaline cells are strengthened by spiral or ring shaped thickenings of the wall material (Fig. 5E-H). The pores of hyaline cells help the leaf to absorb water twenty times the weight of the plant and therefore hyaline cells are also known as capillary cells. Cross section of the leaf shows bead like appearance because of occurrence of alternating photosynthetic and hyaline cells (Fig. 5F). Leaves on the main stem of semiaquatic species



are short, thin and scale like and often lack pores and thickenings on their hyaline cells but that of submerged species show these structures. c) Development of leaf: A young leaf grows with the help of a two-sided apical cell (Fig. 7AF). The apical cell cuts off segments on the right and left side parallel to the two flat faces alternately (Fig. 7C, D). This leads to the formation of single layer of diamond shaped, chlorophyllous cells. At this stage, the apical growth of the leaf ceases and the further growth takes place basally. Each chlorophyllous cell divides asymmetrically twice. It cuts off two narrow cells on the upper side as well as on the lateral side (fig. 7E, F). The smaller cells remain green, alive and function as photosynthetic areas whereas the larger cells lose protoplasmic contents and become hyaline and empty (Fig. 7F). These empty cells later develop pores and spiral thickenings on their inner surface of the walls (Fig. 5 D, E, G, H).



Apical cell and apical growth The apical cell is characteristically pyramidal with three cutting faces or segments (Fig. 6). Each cell divides parallel to its flat face periclinally into outer and inner cell. Outer cell divides into two sided leaf initial that also forms stem cortex. Inner cell forms central tissue of stem. So each segment derived from apical cell forms a leaf (Fig. 6) and portion of stem As a result newly formed young leaves become arranged in three rows. With further growth, this arrangement gets modified into more complex phyllotaxy.
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Fig. 5 A-H Sphagnum A. Apical portion of a branch.B. A leaf C. a part of a leaf magnified to show hyaline cells and cholorophyllous cells. D. Leaf of S. papillosum to show network of hyaline cells and cholorophyllous cells. E. a part of a leaf highly magnified to show hyaline cells (hc) and green cholorophyllous cells (cc). Note the spiral thickenings (arrow). F. Hyaline cells (hc) and chlorophyllous cell (arrow) magnified. G. W.m. and H. Scanning electron micrograph of a part of a leaf to show hyaline cells with spiral thickenings and pores. Note the chlorophyllous cells in depressions.



Source A. :. http://www.dipbot.unict.it/sistematica/Sphag_fu.html B. http://blogs.ubc.ca/sphagnum/species/sphagnumfimbriatum/fimbriatum_upper_outer/#main C. Authors D. https://www.flickr.com/photos/71423829@N00/12478639755?rb=1 S. papillosum E. http://www.biologie.uni-hamburg.de/bonline/library/webb/BOT201/Mosses/Bryophyta-4.htm F. http://blogs.ubc.ca/biology321/?page_id=54 G. http://www.dr-ralf-wagner.de/Moose/Sphagnum_papillosum-englisch.html H. http://www3.botany.ubc.ca/bryophyte/mossintro.html



Fig.6 Sphagnum: A. L S stem through apical portion showing apical cell and young leaves. Source: Authors



Fig.7 Sphagnum: A-F. Development of leaf. Source: Authors



Reproduction The gametophyte of moss Sphagnum multiplies by vegetative and sexual reproduction.



1. Vegetative Reproduction: Though Sphagnum lacks special structures for vegetative propagation, it reproduces principally by vegetative method. As Sphagnum



Fig. 8 Sphagnum: Vegetative reproduction by multiplication of protonemal stage. A germinated spore depicting primary (pp), secondary (sp) and tertiary protonema with rhizoids.



Source: Authors plants grow older, their basal parts die causing the branches to separate, which then develop into independent plants.



a) Innovations: At intervals, one of the branches of the tuft, instead of forming divergent or pendant branch, develops more strongly than the others and continues to grow upwards. It, then, branches to form an apical cluster of branches like the main stem. This long upright branch is known as innovation. Afterwards innovations separate from the main stem by progressive death and decay of the main axis and become established as independent plants. This is the most common method of vegetative reproduction in Sphagnum.



b) Multiplication of protonemal stage: Any marginal cell of primary protonema may become meristematic and form green cellular filament by further growth and division (Fig. 8). The apical region of protonemal filament grows into flat, thallus like secondary protonema that in turn may form tertiary protonema. Eventually, erect leafy gametophore arises from one of its marginal cell.



c) Regeneration: During dry periods, some physiological adaptations in Sphagnum allow suspension of metabolism. However, the plants regain their metabolism once water becomes available.



d) Gemmae: Gemmae like structures were discovered recently in S. capillaceum. These sub-globose and double-walled structures occur singly, in pairs or in clusters. Gemmae on germination produce small, uniseriate filamentous protonema from which the prothallus develops later.



2) Sexual Reproduction: Mature Sphagnum plants produce sex organs on short, densely leafy, modified branches under favourable conditions during autumn. These special sexual branches occur either in terminal clusters of the branches or lower down on the stem (Fig. 9A). Plants may be monoecious (the antheridial and archegonial branches borne on the same plant) or dioecious (the antheridial and archegonial branches borne on separate plants). In monoecious species the two kinds of sex organs never occur on the same branch. The antheridial branches appear first. The sexual branches are devoid of paraphyses.



Fig. 9 A-G Sphagnum A. A gametophyte with terminal male branches and lateral female branches. B, C. w. m. male branch, D w. m. antheridial bract with stalked antheridium, E. LS antheridial branch showing bracts and stalked antheridium. Note the antheridial jacket and antheridial mother cells. F. a male branch with apical leaves (le) G. L.s. antheridial branch showing antheridia (a ) and leaves (le). Source: A- E Authors ,F http://herbarium.duke.edu/resources/mediagallery/tag?tag=bryophytes G http://thepearsonhousehold.blogspot.in/



Fig. 10 Sphagnum A-K. antheridial development, L. an antherozoid, M. antheridial dehiscence. Source: Authors The Antheridia Antheridial Branch: The antheridia are borne on special short, spindle shaped catkin like branches, known as antheridial branches (Fig. 9A-C, F). Leaves of this branch resemble normal foliage leaves though are shorter (Fig. 9B-D) and brightly colored (Fig. 9F). Leaves



are densely clothed around main axis in spiral lines or straight lines. Antheridia develop singly in the axil of leaves (Fig. 9D, E, G) in acropetal succession (Fig.9G). Development: Each antheridium develops from single superficial cell, the antheridial initial (Fig. 10A) which divides by successive transverse divisions to form a few celled filament (Fig. 10B, C). The terminal cell of the filament divides by oblique walls to form an apical cell with two cutting faces (fig. 10D). The apical cell cuts 12-15 segments alternatively parallel to its flat surface on both sides (Fig. 10E). The terminal 2-5 segments form body of the antheridium and lower segments form the stalk cells (Fig. 10F). Each cell of upper few segments divides asymmetrically by two successive vertical walls to form three outer jacket initials and a few, central, androgonial cells as seen in the transverse section (Fig. 10G, H). Thus 2-5 androgonial cells get surrounded by a single layer of 4-10 jacket initial cells. Later, the apical cell discontinues its activity and becomes one of the jacket cells. Each of the three jacket initials divides vertically once again to form six jacket initials as viewed in a transverse section (Fig. 10I). All the six jacket initials now divide repeatedly by several anticlinal walls forming a multicellular single layered jacket (Fig. 10J, K). The primary androgonial cells multiply several times by transverse and vertical walls to produce a mass of androcytes (Fig. 10J) which metamorphose into biflagellate, coiled antherozoids (Fig. 10K). Meanwhile the stalk cells divide by vertical and transverse walls to form 2/4 layers of elongated cells. Structure:



The antheridia arise singly in the axil of leaves (Fig. 9D, E, G) on the



antheridial branches. The older antheridia are located at the base whereas the younger ones occur towards the tip of the branch (acropetally) (Fig. 9C). Each antheridium consists of a long stalk and nearly spherical or globose body (Fig. 9E, G, 10K). The stalk is quite long (as long as body of antheridium) and consists of 2-4 vertical rows of elongated cells. The body of the antheridium is surrounded by a single layer of sterile jacket cells, known as antheridial wall. The wall is covered by a thin layer of cuticle. The jacket encloses a large number of androcyte mother cells (Fig. 9E). Each androcyte mother cell divides into two



androcytes



that



later



metamorphose



into



elongated,



spirally



coiled



sperms



(antherozoids) (Fig. 10K). The body of the sperm is nuclear in nature and it bears two, coiled flagella at its anterior end and a vesicle-like structure at its posterior end (Fig. 10L). Dehiscence:



At maturity, the cells of antheridial wall absorb water, swell and separate



irregularly at the distal end (Fig. 10M). The antherdium eventually dehisces into several irregular lobes that later turn backwards to facilitate the exposure of the androcyte mass. The vescicles of androcytes dissolve and the sperms or antherozoids (Fig. 10L) are liberated that eventually swim about in the water.



Fig. 11 Sphagnum: A. V.S. of archegonial branch depicting several archegonia. B. A young developing archegonium showing venter, egg cell and neck canal. Source: A. Authors B. http://commons.wikimedia.org/wiki/File:Archegonium.jpg



The Archegonia Archegonial Branch: The archegonia are borne terminally, singly or in groups on special short, stout, green bud like branches (Fig. 9A). Leaves of archegonial branches are much larger and contain abundant chloroplasts. The leaves surrounding and protecting the developing archegonium (Fig. 11A) and later sporangium are called perichaetium. The first archegonium formed directly from an apical cell is called primary archegonium (Fig. 11B). Other archegonia are formed from last one to four segments of the archegonial branch. Development: The apical cell of archegonial branch functions as an archegonial initial (Fig. 12A). The archegonial initial divides repeatedly by a few transverse walls forming 3-5 celled filament (Fig. 12B). A terminal cell of this filament (Fig. 12C) divides by three oblique walls in such a manner that a central primary axial cell is surrounded by three peripheral or jacket initials (Fig. 12D, E). The primary axial cell divides by a transverse division forming an outer cover initial and an inner central cell (Fig. 12F). The cover initial



Fig. 12 A- j Sphagnum: A-I Stages in the development of archegonium. J. Mature archegonium. Source: Authors divides to form a group of eight or more cover cells that further divide in other directions as well to form the apical portion of the jacket of the neck of the archegonium. The three peripheral or jacket initials divide repeatedly and form the lower portion of the neck and



the venter wall. The jacket portion of the archegonium is thus contributed by both cover initials and jacket initials. Meanwhile, the central cell divides by a transverse wall to form an upper primary neck canal cell and a lower primary ventral cell (Fig. 12G). The primary neck canal cell divides (Fig. 12H,I, 11B) to form 8-9 neck canal cells whereas the primary ventral cell divides transversely to form an upper ventral canal cell and a lower egg cell (Fig. 12J) that lie in the venter cavity. The lower portion of venter becomes 2-3 layered by periclinal divisions just before fertilization. Upper part of neck remains single layered and merges into cover cells. Structure: A group of archegonia are borne terminally and surrounded by perichaetium (Fig. 11A). It has a long stalk, long twisted neck and massive venter. The venter houses an egg and a ventral canal cell whereas the 8-9 neck canal cells are surrounded by one cell thick neck (Fig. 12J). A group of 8 or more cover cells are present but are not sharply demarcated.



Fertilization Sex organs in Sphagnum are produced in abundance on the gametophytic plant but sporangia are of rare occurrence. The water level where Sphagnum plants grow may be either too high or too low for the sperms to reach archegonia. Infrequent and uncertain fertilization results in scarcity of sporophytes of Sphagnum. When fertilization occurs, it is essentially in the same manner as in other bryophytes. The axial row of cells in the archegonia degenerates (except the egg). This paves way for the passage of sperms. The sperms swim towards the archegonia and after finding their way into neck canal, one of them fuses with the egg to form a diploid zygote.



Sporophyte Phase This phase begins with the act of fertilization. The diploid zygote is the first cell of the sporophytic generation. The zygote increases in size, secretes a wall around it and divides repeatedly to develop into embryo. The embryo divides further and differentiates into sporogonium or sporophyte. Usually the zygote in one of the archegonia of the cluster develops into a sporophyte. The young sporophyes are pale green in colour but mature sporophytes turn reddish brown or dark brown and get raised on a short cylindrical, leafless stalk the pseudopodium (Fig. 13A-H).



Development of Sporangium The zygote increases in size and secrets a wall immediately after fertilization. It divides symmetrically by transverse walls forming epibasal and hypobasal cell (Fig. 15A). The hypobasal and epibasal cells divide transversely to form a filamentous embryo (Fig. 15B-D). The upper 3-5 cells of the filamentous embryo forms the capsule whereas the lower cells contribute to the formation of foot and seta. The cells of the foot region divide irregularly forming a bulbous shape (Fig. 15E). However, the lowermost few cells of the foot develop into the haustorium that penetrates into the stalk of the archegonium and derives food material for the developing sporophyte (Fig. 15F). The upper cells of filamentous embryo destined to become capsule, divide by two successive vertical walls forming a quadrant (Fig. 15C). Each cell of the quadrant again divides by a periclinal wall and separates the peripheral amphithecium from central endothecium (Fig. 15G). The cells of endothecium repeatedly divide (Fig. 15I) and form mass of sterile tissue with rounded apex termed columella (Fig. 15H). Further periclinal divisions occur in amphithecium cells delimiting inner fertile archesporium from outer sterile capsule wall (Fig. 15J). Two-four cells thick archesporium forms a dome shaped structure overarching columella (Fig. 15H) and its cells later develop into sporogenous mass of cells. Each sporogenous cell acts like spore mother cells and divide meiotically forming four haploid spores (Fig.16A-C). These lie freely



in



spore



sac.



Interestingly,



elaters



are



not



formed



in



Sphagnum



unlike



Anthocerotopsida and Hepaticopsida. The capsule wall divides and becomes 3-7 layered thick (Fig. 15J, K). Outermost layer of cells becomes thick walled and differentiates into epidermis having several non-functional rudimentary stomata. Inner cells of capsule remain thin walled and compactly arranged. They contain chloroplasts and remain photosynthetic till the maturity of capsule, thus making the capsule partially dependent on the gametophyte. During further development, a few epidermal cells near the apex develop ring-like grooves and remain smaller. These cells are known as annulus that marks a limit between upper operculum (lid) and capsule body (Fig. 13H). Seta remains indistinct and appears as a constriction mark between foot and capsule. Whole sporangium develops inside the venter. Cells of archegonial wall (venter) form calyptra. The remains of the dried and shriveled neck of the archegonium can be seen above the operculum for some time (Fig. 13E). With maturity, the expanding sporangium ruptures out of the calyptra and rises much above the perichaetial leaves due to elongation of pseudopodium- an overgrowth of the apex of the archegonial branch (Fig. 13G, H). The distal portion of pseudopodium along



with the basal portion of the calyptras swells and forms a sac like structure, the vaginula (Fig. 13F-H). The latter encloses the bulbous foot.



Structure of Sporangium The body of mature sporangium is almost spherical (Fig. 13A-D), consisting of large bulbous foot, indistinct, narrow, neck-like seta and a dark brown to black rounded capsule (Fig. 13E-H, 14A-D). The bulbous foot absorbs nutrition for the developing sporophyte from the gametophyte. The capsule wall is several layers thick (Fig. 13E, G, H). The epidermal cells are heavily cuticularized and bear several rudimentary, non-functional stomata. The cells of inner layers are thin-walled, chorophyllous and compactly arranged. The apex of the capsule is closed by a circular convex disc shaped lid or operculum. Just below the operculum, the epidermis forms a ring like annulus delimiting operculum from the rest of the capsule (Fig. 13E, G, H). The capsule has a massive, hemispherical, central column of sterile cells called columella which is overarched by dome shaped spore sac containing haploid spores. Elaters are absent. The foot of the sporogonium is buried in a sac like structure termed vaginula (Fig. 13E- H). The mature sporogonium is borne on a pseudopodium which is the prolongation of the axes of the archegonial branch. The mature sporogonium is lifted out of the perichetial leaves by the elongating pseudopodium (Fig. 13 A-C, H).



Fig. 13 A-H Sphagnum: A-C Gametophytes bearing



sporophytes (arrow). Note



the pseudopodium (ps). D. Archegonial branch (ab) bearing entire capsule (ca) after elongation of pseudopodium (ps). E,G,H. L.s. capsule E,H (diagrammatic) and G. (cellular) showing pseudopodium (ps), vaginula (va), foot (fo), neck (arrow), columella (co), spore sac (ss), and calyptra (c). F. Lower part of capsule enlarged to show vaginula (va), foot (fo), collapsed columella (cc) and spore sac (ss). Source: A. http://comenius.susqu.edu/biol/202/archaeplastida/viridiplantae/bryophytes/bryoph yta/sphagnum-habit.htm B. http://firwoodcottage.blogspot.in/2011_03_01_archive.html C. http://comenius.susqu.edu/biol/202/archaeplastida/viridiplantae/bryophytes/bryoph yta/bryophyta.htm D. http://comenius.susqu.edu/biol/202/archaeplastida/viridiplantae/bryophytes/bryoph yta/sphagnum-sporophyte.htm E. http://comenius.susqu.edu/biol/202/archaeplastida/viridiplantae/bryophytes/bryoph yta/sphagnum-sporophyte.htm F. http://www.inds.co.uk/slides/slides.php?category=320 G. http://thepearsonhousehold.blogspot.in/ H. Authors



Dehiscence of Sporangium As the ripe capsule (Fig. 14A-D, 15G) dries during a sunny day, the delicate columella shrivels resulting in an air space below the sporogenous tissue (Fig. 13F, 15 A, F). The epidermal cells also undergo shrinkage but only in the transverse direction due to thickenings. This leads to shortening of the capsule. Thus the capsule changes its shape from spherical to cylindrical exerting pressure on the imprisoned air (Fig. 15A-C, H-J). As the capsule wall lacks proper stomata, this air is unable to escape. The air pressure increases (4-6 atmosphere) and eventually overcomes the resistance offered by the thickened cells and as the imprisoned air expands, the capsule bursts with an explosion through the spore sac (Fig 15D, K), throws the operculum (Fig.15E) and actually hurls it several feet away. Figures 14F, 15L, M show several capsules whose lids have fallen off. The yellowish orange colored, dry, powdery mass of spores is forced out to a height of several inches (Fig 15D, K) exactly in the same manner as bullets are released from an air-gun. The spores then get dispersed by the wind. The loud explosion of the capsules can be heard several meters away. Therefore, the phenomenon of spore discharge in Sphagnum has derived the name air-gun mechanism. After the spore discharge, the



capsule shrivels and dries up. Fig 15 E shows two ripe capsules along with a shriveled one.



B



A



D



C



E



F



Fig. 14 A-F Sphagnum A. young sporophyte covered by large leaves. B. Apical part of gametophores bearing several orange capsules. C. two gametophytes, one on the right bears several capsules. D. top view of the capsules in C. E. Three capsules from Sphagnum henryeuse raised above the mat by pseudopodia. Two are round and middle one has already exploded. F. Sphagnum fimbriatum with abundant sporophytes, both maturing and following explosive dehiscence. Source: A. B. C. D. E. F.



http://herbarium.duke.edu/resources/mediagallery/tag?tag=reproductive%20structures http://www.discoverlife.org/mp/20q?search=Sphagnum%20squarrosum http://www.biopix.com/sphagnum-fallax_photo-70297.aspx http://www.biopix.com/rigid-bog-moss-sphagnum-teres_photo-84054.aspx http://www.pomona.edu/news/2010/07/22-whitaker-mushroom-cloud.aspx http://rbg-web2.rbge.org.uk/bbs/resources/galleryold2.htm



Fig. 15 A- K. Sphagnum: early stages in the development of embryo leading to the formation of sporophyte. Source: Authors



Fig. 16 A-E Sphagnum A. Diagrammatic representation of the stages in the dehiscence of sporogonium. B. L.s. sporophyte showing collapsed columella and air space. C. Photographic representation of the stages in the dehiscence of sporogonium. D. Dehisced sporophytes. E. same as D. enlarged to show exploded and empty capsules Source:



A. B. C. D. E.



Authors http://blogs.ubc.ca/biology321/?page_id=54 http://www.sciencemag.org/content/329/5990/395/F1.expansion.html http://genea.hu/delzala/tanulmanyok/18.pdf https://www.flickr.com/photos/53817483@N00/7173122289/



The Young Gametophyte Spores Spores (Fig. 18A) are the first structure of gametophytic generation. They are tetrahedral with prominent triradiate mark. Each spore has two layered wall – an outer smooth to granular or papillate exine and an inner, thin intine enclosing uninucleated tiny mass of protoplast. The spore cytoplasm also contains chloroplast and oil droplets (Fig.17C).



Spore Germination Spores may or may not germinate immediately after dehiscence. They remain viable upto six months under dry conditions. Exine ruptures along triradiate mark and intine comes out as a germ tube (Fig. 18B), which divides by transverse division and forms twofour celled filament or protonema (Fig. 18C). Soon apical cells of filament divide by two vertical walls and forms apical cell with two cutting faces (Fig. 18D). Each cell has abundant chloroplasts. Apical cell divides and form thalloid protonema (Fig. 18E). Soon the activity of apical cell stops and marginal cells become active and divide irregularly to form lobed thallus (Fig. 3B, 18F). Towards basal portion of thallus, a tetrahedral apical cell is formed with three cutting faces. It forms stem and leaves of gametophore rapidly. Each thallose protonema forms a single gametophore (Fig. 3C).



Fig. 17 Sphagnum A-C: A sporogenous cell B, C tetrad formation



Source: Authors



Fig. 18 Sphagnum A-F: A. a mature spore, B-E stages in the germination of spore. F several months old protonema with a few lobes. Source: authors



Summary and Conclusions Sphagnum, is the only genus of Sphagnales, is most primitive of the Bryopsida, shows unique characteristics and grows in acidic waters where it forms peat with several economic uses (Fig. 20). Figure 19 depicts the life-history of Sphagnum. The gametophytic generation consists of a juvenile protonemal phase and a leafy gametophytic phase. The



thalloid protonema forms buds that in turn give rise to erect, radial, leafy shoots termed gametophytes. The gametophytes are extensively branched and bear two types of branches-(a) the drooping or pendent branches and (b) the ascending or upward branches. The short branches at the tip form ‘coma’. The leaves consist of two types of cells-the hyaline, large dead cells and the smaller, chorophyllous cells. The plants reproduce largely vegetatively but sex organs are also formed. The antheridia and archegonia are produced on short branches closer to the apex. The globular antheridia arise acropetallywhereas the archegonia arise apically on the branch. The zygote of the primary archegonium develops into the sporophyte. The mature sporophyte shows a short bulbous foot connected to globular capsule by a very short neck like seta. When mature, the spores are discharged through a specific air-gun mechanism.



Fig.19 sphagnum: Diagrammatic representation of the life cycle. Source: Modified by Authors



A



B



Fig. 20. Sphagnum products: A. Peat moss B. Dry spaghnum, C. Spahagnum peat moss



Source: A, http://en.wikipedia.org/wiki/Sphagnum#mediaviewer/File:Schultz_Sphagnum_Peat_Moss.jp g B, http://www.orchidworks.com/potting/sphagnum.htm C, http://galleryhip.com/sphagnum-peat-moss.html



Sphagnum is a synthetic genus Sphagnum occupies a unique and special position in bryophytes. It has several features similar to Hepaticopsida, Bryopsida and Anthcerotopsida and its own individual characters.



Shpagnum



is



the



most



primitive



Bryopsida



and



probably



links



the



Anthcerotopsida and higher Bryopsida.



Affinities with Hepaticopsida: Sphagnum more closely resembles members of Jungermanniales in the following features: 1.



Thalloid protonema resembles juvenile stages of some acrogynous Jungermanniales.



Thallus in both cases grows by activity of two sided apical cell. 2.



Antheridium resembles that of Porella in structure, form and dehiscence. Apical cell



discontinues its activity thus accounting for its oblong shape and dehiscence by irregular lobes. 3.



Archegonium resembles that of arcogynous Jungermanniales in the origin, position,



structure and development. 4.



Spore germination and formation of thalloid protonema exhibit similarity.



5.



Occurrence



of



rudimentary



stomata



on



capsule



Jungermanniales.



Affinities with Anthocerotopsida: Characters common with Anthocerotopsida are: 1.



Development of archesporium from amphithecium.



2.



Development of columella from whole endothecium.



3.



Capsule wall is chlorophyllous.



4.



Dome shaped amphithecium overarching columella



5.



Rudimentary seta.



wall



is



similar



to



that



of



6.



Presence of a large and bulbous foot.



7.



Absence of apical growth.



However, Anthocerotopsida differs from Sphagnum in following features: 1.



Presence of true stomata on capsule wall.



2.



Formation of elaters along with spores.



3.



Shape of the capsule which is elongated and cylindrical.



4.



Capsule doesn’t show any differentiation into annulus and operculum.



5.



Presence of meristematic zone in the sporangium.



Affinities with true mosses: Characters similar between Sphagnum and true mosses: 1.



Upright and leafy gametophore.



2.



Rhizoids obliquely septate.



3.



Stem, leaves and sex organs develop by activity of an apical cell.



4.



Archegonia with stalk and massive venter.



5.



Dehiscence is by definite operculum.



However, Sphagnum differs from true mosses in the following features: 1.



Protonema is thalloid.



2.



Rhizoids are absent in adult plants.



3.



Leaf has two types of cells.



Independent characters of Sphagnum: 1.



Plants stand erect because of compactness.



2.



Absence of rhizoids in adult plant.



3.



Branches arise in tufts from the axil of every fourth leaf.



4.



Leaves are closely imbricated on branches



5.



Leaves lack midrib.



6.



Empty dead cells and hyaline cells occur intermixed in the leaf.



7.



Presence of reservoirs for storage of water



8.



Stem shows hyaline cortical cells surrounding inner tissue.



9.



Presence of comal tufts and retort cells.



10.



Plants are hygroscopic and hydropytes.



11.



Occurrence of peculiar physiology of water absorption, retention and conduction but internal structure shows xerophytic characters.



12.



Characteristic air gun mechanism of spore discharge.



13.



Secretion of acidic substance and habit of forming peat is not found in other bryophytes.



Thus we can conclude that Sphagnum is an independent genus.



Economic uses of Sphagnum 1.



This genus has a great capacity for absorbing and retaining moisture like a sponge (Fig.20) and this fact is made use of in utilizing Sphagnum as a packing material. Live plants and cut flowers are packed using Sphagnum and are thus protected from drying.



2.



It is used to maintain high soil acidity required by certain plants.



3.



It is used on large scale in seed beds and green houses as a stable litter and bedding.



4.



It also has antiseptic property and therefore used in surgical dressing and these are cooler, softer and less irritating than cotton.



5.



Sphagnum can built peat (Fig.20) which is used as a fuel in many countries as it is cheaper.



6.



Peats are also used in production of paraffin, acetic acid, peat-tar, ammonia, methyl alcohol, ethyl alcohol etc.



Glossary annulus: zone of differentiated cells between capsule urn and operculum, facilitating opening of capsule antheridiophore: specialized antheridium-bearing branch antheridium (pl. antheridia): male gametangium found in all sexual plants except seed plants; sperm container, multicellular globose to broadly cylindric stalked structure producing sperm apical cell: single meristematic cell at apex of shoot, thallus, or other organ that divides repeatedly archegoniophore: specialized archegonia-bearing branch



archegonium: (pl. archegonia): multicellular egg-containing structure that later houses embryo; female gametangium; flask-shaped structure consisting of stalk, venter, and neck present in Bryophyta bog: acidic, wet area in which nutrients are received by rainfall and groundwater flow is negligible; consists mostly of decaying moss and other plant material capsule: sporangium of bryophyte; terminal spore-producing part of sporophyte calyptra



(pl.



calyptrae):



in



bryophytes,



haploid



envelope



covering



developing



sporophyte; developed from archegonium; covering over moss capsule (Gr. kalyptra = covering) foot: basal portion of most bryophytes sporophytes, embedded in gametophyte gametophyte generation: haploid (1n) generation that reproduces by gametes in plants; in bryophytes dominant generation neck canal cell: cell of archegonium neck that will disintegrate and liquefy when archegonium is mature peat: mass of semicarbonized plant tissue; often considered synonymous with Sphagnum, but actually includes grasses, sedges, and other plant types perichaetium: (pl. perichaetia): modified leaves enclosing female reproductive structures; ensheathing cluster of modified leaves or underleaves and perianth, if present, enclosing archegonia pseudopodium: It is an overgrowth of the apex of archegonial branch. vaginula: Cup like basal portion of the calyptra together with the dilated tip of the pseudopodium into which is embedded the sporophyte foot venter: swollen basal portion of archegonium, containing egg



Exercises



Q1. Differentiate between : (a) Endothecium and Amphithecium (b) Vaginula and pseudopodium (c) Monoecious and dioecious gametophytes (d) Primary and secondary protonema (e) Hyaline and assimilatory cells Q2. Discuss the economic importance of Sphagnum.



Q3. List the characters that are unique to Sphagnum. Q4. Discuss the spore discharge mechanism in Sphagnum. Q5. Discuss the affinities of Sphagnum with Anthocerotales Q6. Fill in the blanks: I. II.



Archesporium differentiates from ……………………….. The gametophytic phase is divided into ……………stage and ……………stage



III.



……………..are absent in the sporophyte of Sphagnum



IV.



Sphagnum is ………………… moss as the antheridial and archegonial heads are borne on two distinct branches of the same plant.



V.



The mature sporophyte of Sphagnum is raised above the perichaetial leaves with the help of …………………….



Q7. Match the following: I. II.



Pseudopodium



a) leaf



Air-gun mechanism



b) sporophyte



III.



Protonema



IV.



Retort cells



d) vegetative reproduction



Hyaline cells



e)



stem



Vaginula



f)



capsule



V. VI.



c) spore discharge



References Chopra R N (1998) Topics in Bryology. Allied Publishers Limited, New Delhi. Parihar N S (1965) An Introduction to Embryophyta. Vol 1, Bryophyta. Chand book depot, Allahabad. Shaw A J, Goffinet B (2000) Bryophyte Biology. Cambridge Press. Vashishta B R (1993) Botany Part III Bryophyta. S. Chand & Company, New Delhi.
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