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UNIT-I



AN

BRYOPHYTES

Bryophytes are small, non-vascular land plants that require water for
reproduction.

Land plants fall into two categories: those that have special tissues totransport
water and other materials, called vascular plants; and those that do not have
specialized tissues, called non-vascularplants.

Bryophytes are non-vascular, so they do not have the right types of tissuesto
develop roots, stems, orleaves.

The term Bryophyta originates from the word ‘Bryon’ meaning mosses and‘phyton’
meaning plants.

Bryophyta includes embryophytes like mosses, hornworts andliverworts.

These are small plants that grow in shady and dampareas.

They don’t produce flowers and seeds, instead, reproduce through spores. The
study of bryophytes is calledbryology.

Bryophytes are called amphibians ofplants.

Bryophytes are called “amphibians of the plant kingdom” because they are

terrestrial plants but require water to complete their life cycle at the time of sexual
reproduction.

General Characteristics of Bryophytes:

Plants occur in damp and shaded areas

The plant body is thallus like, i.e. prostrate orerect

[t is attached to the substratum by rhizoids, which are unicellular ormulticellular
They lack true vegetative structure and have a root-like, stem-like and leaf-like
structure

Plants lack the vascular system (xylem,phloem)

Bryophytes show alternation of generation between independent
gametophyte with sex organs, which produces sperm and eggs and dependent
sporophyte which containsspores

Main plant body is gametophyte which ishaploid

The thalloid gametophyte is differentiated into rhizoids, axis andleaves

The gametophyte bears multicellular sex organs andphotosynthetic

The antheridium produces antherozoids, which arebiflagellated

The shape of an archegonium is like a flask and produces oneegg

The antherozoids fuse with egg to form azygote

The zygote develops into a multicellularsporophyte

The sporophyte is semi-parasitic and dependent on the gametophyte for its
nutrition

Cells of sporophyte undergo meiosis to form haploid gametes which form a
gametophyte

The juvenile gametophyte is known as protonema

The sporophyte is differentiated into foot seta andcapsule



Classification of Bryophytes:

According to the latest recommendations of ICBN (International Code of Botanical
Nomenclature), bryophytes have been divided into three classes.

1. Hepaticae ( Hepaticopsida = Liverworts) (thallus leaf like andlobed)

2. Anthocerotae (Anthocertopsida= Hornworts) (sporophyte cylindrical andhorn-like)

3. Musci (Bryopsida= Mosses) (plants growing very densely, forming cuhion likegrowth)
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Fig. 1: Different forms of bryophytes: Liverworts - Riccia, Porella, Marchntia,
Ricciocarpus; Hornwort Anthoceros; Moss: Shagnum, Bryum, Barbula,
Taxithellium, Polytrichum and Funaria.



A) Hepaticopsida (Liverworts): The name hepaticopsida comes from theword
“hepatic” meaning liver. Liverworts come under this class.Hepaticopsida is further divided
into 4 orders:

. Marchantiales (e.g. Riccia,Marchantia)
Sphaerocarpales (e.g.Sphaerocarpos)
Calobryales (e.g.Calobryum)

Jungermanniales (e.g.Pellia)

A WN

The main characteristics of the class hepaticopsida are:
¢ Gametophyte plant is either thalloid orfoliose
In foliose forms, leaves are without midrib anddorsiventral
¢ Thalloid forms are dorsiventral, lobed and dichotomouslybranched
e Each cell of thallus contains many chloroplasts withoutpyrenoids
e Rhizoids are unicellular, branched and aseptate
e Sex organs are borne dorsally embedded in gametophytictissues
e The sporophyte is made up of only capsule (in Riccia) or foot, seta
and capsule (inMarchantia)
e The columella is absent in thecapsule
e Sporogenous tissues develop fromendothecium
Reproduction:
Asexual reproduction: It takes place by fragmentation or by the formation of
gemmae. Gemmae are produced inside gemma cups. Gemmae are asexual
buds, which are green and multicellular. The gemma cup develops into a new
plant after detaching from the parent plant

Sexual reproduction: Antheridium (male organ) and archegonium (female
organ) may be present on the same thalli or different thalli. They produce sperm
and egg respectively. After fertilisation zygote is formed. The zygote develops into
a diploid sporophyte, a few cells of the sporophyte undergo meiosis to form
haploid spores.

These spores develop into haploid gametophytes, which are free-living
and photosynthetic

B. Anthocerotopsida (Hornworts): There are around 300 species present in this
class.They are commonly known as hornworts. It has only one order i.e. Anthocerotales.
Examples: Anthoceros, Megaceros,Notothylas.

The main features are:

e The gametophytic body is flat, dorsiventral, simple thalloid
withoutinternal differentiation

e Rhizoids aresmooth-walled

e Each cell has one chloroplast with apyrenoid



e Sex organs are present dorsally embedded in thethallus

e The sporophyte is differentiated into foot, meristematic zone andcapsule

e Sporogenous tissues develop from amphithecium

e Pseudoelaters are present in thecapsule

e The columella is present in the capsule, which originates fromendothecium

Reproduction:

Asexual reproduction: Vegetative propagation is by fragmentation of thallus and
bytubers, which are formed under unfavourable conditions

Sexual reproduction: They reproduce sexually by waterborne sperm, which
travel from antheridium to archegonium. A fertilised egg develops into
sporophyte.Sporophyte splits lengthwise to release spores which develop into a
gametophyte.

C. Bryopsida (Mosses): It is the largest class of Bryophyta with around 1400 species.
They are commonly called mosses. Examples: Funaria, Polytrichum, Sphagnum.
Bryopsida is further divided into 5classes:

1. Bryales

2. Andriales

3. Sphagnales

4. Polytrichales

5. Buxbaumiales

The main featuresare:
e The gametophyte is differentiated into protonema and foliosegametophore
e Foliose is made up of stem as an axis and leaves withoutmidrib
e Rhizoids are multicellular with obliquesepta
e Sexorgans are borne apically onstem
o Elaters areabsent
e The sporophyte is differentiated into foot, seta andcapsule
e Sporogenous tissues develop fromendothecium
e Columella ispresent
e Dehiscence of the capsule takes place by separation of the lid Reproduction:

Asexual reproduction: Asexual reproduction is by budding and
fragmentation of secondary protonema

Sexual reproduction: Antheridia and archegonia are present at the apical part of
leafy shoots. After fertilization sporophyte is produced, which is more
differentiated than liverworts. The gametophyte develops from the spores.



Economic importance of Bryophytes:

1. Protection from soilerosion:

Bryophytes, especially mosses, form dense mats over the soil and prevent soil erosion

by running water.

2. Soilformation:

Mosses are an important link in plant succession on rocky areas. They take part in binding
soil in rock crevices formed by lichens. Growth of Sphagnum ultimately fills ponds and
lakes with soil.

3. Waterretention:

Sphagnum can retain 18-26 times more water than its weight. Hence, used by gardeners to
protect desiccation of the seedling during transportation and used as nursery beds.

4. Peat:

It is a dark spongy fossilized matter of Sphagnum. Peat is dried and cut as cakes for use
as fuel. Peat used as good manure. It overcomes soil alkalinity and increases its water
retention as well as aeration. On distillation and fermentation yield many chemicals.

5. As food:

Mosses are good source of animal food in rocky and snow-clad areas.

6. Medicinaluses:

Decoction of Polytrichum commune is used to remove kidney and gall bladder stones.
Decoction prepared by boiling Sphagnum in water for treatment of eye diseases. Marchantia
polymorpha has been used to cure pulmonary tuberculosis.

7. Otheruses:

Bryophytes arc used as packing material for fragile goods, glass wares etc. Some
bryophytes act as indicator plants. For example, Tortell tortusa grow well on soil rich in
lime.

RICCIA
Systematic Position of Riccia:
Division g Bryophyta
Class : Hepaticopsida
Order 3 Marchantiales
Family : Ricciaceae
Genus :  Riccia

Distribution and Habitat of Riccia:

Riccia, the most widely distributed genus of family Ricciaceae, is represented by
about 200 species (Reimer, 1954). The name Riccia was given in honour of P. F. Ricci, a
Florentine politician. Widely distributed in both tropical and temperate regions of the world,
this genus is represented in India by about 33 species (Puri, 1973).

However, Srivastava (1964) recorded 29 species from different parts of India. All
species are terrestrial and prefer to grow on moist and shady places except Riccia fluitans,
which is an aquatic species and occurs floating in still stagnant water or submerged below
the surface of standing water.
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Some of the common terrestrial Indian species are:

R. gangetica, R. discolor, (R. himalayensis), R. glauca, R. crystalline, R. frostii, R. hirsuta
and R. melanospora. Riccia gangetica, R. kashyapii and R. pandei are endemic species i.e,,
confined to Indian territory only.

Gametophytic Phase:

The plant body of Riccia is gametophytic and gametophytes are fleshy, prostrate and
dichotomously branched. Repeated dichotomy results into a typically rosette like
appearance (Figs. 1, 3).

In Riccia cruciata only two dichotomy result in a cruciate form (Fig. 4). Each branch
of the thallus is linear, wedge-shaped or obcordate. Thallus is 5-7 mm long and 1.2 mm broad
in all the terrestrial species. However, in R. fluitans it is 30-50 mm long and 1-2 mm broad.

Fig. 1 Riccia. Rosette ha Flg. 2, 3. Riccla. Robust Fig. 4. Riccla. Cruciate thallus
male thalll.

Dorsal Surface:

The dorsal surface is light green or dark green body, each branch having a thick midrib. It is
traversed by a conspicuous median longitudinal groove which ends in a depression at the
apical region forming an apical notch.

Growing point is situated in the apical notch. The main function of the mid-dorsal
groove is to retain water required for fertilization. Some hairy epidermal outgrowths are
also seen in Riccia melanospora, though rarely (Fig. 5).

Vental Surface:

The ventral surface of thallus bears many scales and rhizoids. Scales are violet
coloured, multicellular and one celled thick structures (Fig. 6). The colour of the scale is due
to dissolution of the pigment in the cell sap. Scales are arranged all along the margin in a
single row. In the apical region they project forward and

Fig. 5. Riccla
Thallus of R. Fig. 6. Riccia. Scale
melanospora.

In hygrophilous species (species which need a large supply of moisture for their
growth) the scales are ephemeral (i.e., short lived) but in xerophilous species the scales are
leafy and persistent. In Riccia crystallina the scales are inconspicuous and absent. Rhizoids
are unicellular and un-branched. They develop as prolongations of the lower epidermal cells.



They are of two types:
(i) Smooth-walled rhizoids (ii) Tuberculate rhizoids.

In smooth-walled rhizoids both the inner and outer wall layers are fully stretched
while in tuberculated rhizoids the inner wall layer modifies into peg-like or plate-like in
growth which projects into the cell lumen (Fig. 7). The main function of rhizoids is to anchor
the thallus on the substratum and to absorb water and mineral nutrients from the soil.

lower epidermis
L

smooth walled
rhizoid
Fig. 7. Riccia. Smooth walled
and tuberculateg! rhizoids

In Riccia fluitans, the only aquatic species, thallus is long, narrow, ribbon-like and
dichotomously branched. Rhizoids and scales are absent (Fig. 8). This species can also grow
on soil. In terrestrial species thallus bears many rhizoids and small, colourless or violet scales
near the apex (Fig. 9).

nuzoid

Fig. 8. Fig. 9.
Riccla fluitans Ficcia fluitans
(water form) (land form)

Anatomy of the Gametophyte:
A vertical cross section of the thallus shows two distinct zones, viz.,, upper
photosynthetic zone and lower storage zone (Fig. 104, B).
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Fig. 10. (A, B) Riccia. (A) Tranverse section of thallus (diagrammatic); (B) A part cellular.

Upper Photosynthetic Zone:
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[tis green, dorsal on upper region of the thallus. It is made of somewhat vertical rows
of un-branched photosynthetic filaments. All the cells of the photosynthetic filament except
the uppermost one are isodiametric and possess many discoid chloroplasts. The terminal
cells of photosynthetic filaments are large, hyaline and form loose, ill-defined and
discontinuous one celled thick epidermis.

Photosynthetic filaments are separated from each other by narrow longitudinal
vertical canals called air chambers. Each air chamber is bounded by four epidermal cells (e.g.,
Riccia glauca, (Fig. 11) or eight epidermal cells (e.g., R. vesiculosa). Each air chamber opens
on the dorsal surface by an air pore. Air chambers spaces help in the gaseous exchange.

UPFER

{PIDERMAL
CELL

_ AIN SPACES ‘

Fig. 11. Riccia. Air spaces bounded
| by epidermal cells (surlace view)

In aquatic form of Riccia fluitans epidermis is continuous and air chambers are almost
completely closed. However, in the terrestrial form of this species each air chamber opens
on the upper surface by a small opening (Fig. 12).

EPIDERMIS AlR PORLE
1

LAMILLA

AR CHAMBER RHIZOM

Fig. 12. Riccia fluitans. Transverse section of thalius
of a land from.

In spongy thallus of Riccia crystallina the assimilatory or photosynthetic cells form a
loosely- arranged network enclosing large air spaces.
Lower Storage Zone:

This zone represents the ventral tissue of the thallus and lies below the
photosynthetic zone. It consists of compactly arranged parenchymatous cells. These cells are
devoid of chlorophyll and contain starch as reserve food material. The lowermost cell layer
of this zone forms the lower epidermis. Some cells of the lower epidermis extend to form the
scales and both types of rhizoids.

Reproduction in Riccia :
Riccia reproduces by vegetative and sexual methods.



Vegetative Reproduction in Riccia:

Vegetative reproduction in Riccia is quite common and takes place by the
following methods:

1. Death and decay of the older portion of the thallus:

The thallus in Riccia is dichotomously branched and the growing point is situated in
its apical notch. The basal or the posterior part of the thallus starts rotting or disintegrating
due to ageing or drought.

When this process of disintegration or decay reaches up to the place of dichotomy,
the lobes of the thallus get separated. Thus detached lobes develop into independent plants
by apical growth. It is the most common method of vegetative reproduction in Riccia.

2. By adventitious branches:

The adventitious branches develop from the ventral surface of the thallus in species

like Riccia fluitans. On being detained, these branches develop into new thalli (Fig. 13).

{

-4

Fig. 13. Riccia Pluitans.
Thalius showing
adventitious branches

\d

3. By persistent apices:

Due to prolonged dry summer or towards the end of growing season the whole thallus
in some species (e.g., Riccia discolor) dries and gets destroyed except the growing point.
Later, it grows deep into the soil and becomes thick. Under favourable conditions it develops
into a new thallus. It is more a method of perennation rather than multiplication.

4. By tubers:

Towards the end of the growing season the apices of the thallus lobes get thickened
and form the perennating tubers. These are capable to pass on the unfavorable conditions.
On resumption of favourable conditions tubers produce new thalli. Tubers are common in
Riccia discolor, R. billardieri, R. perenriis and R. vesicata (Fig. 14).

Fig. 14. Riccia. Thallus
showing apical tubers.
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5. By rhizoids:

The apical part of the young rhizoids divides and re-divides to form a gemma like
mass of cells in some species (e.g., Riccia glauca). These cells contain chloroplast and are
capable of developing into new thallus.

Sexual Reproduction in Riccia:

Sexual reproduction in Riccia is oogamous. Male reproductive bodies are known as
antheridia and female as archegonia.

Some species of Riccia like R. crystallina, R. gangetica, R. billardieri and R. glaul are
monoecious or homothallic (i.e., both anheridia and archegonia develop on the same thallus)
while other species like R. curtisii, R. perssonii, R. bischoffii, R. frostii, R. discolor are
dioecious or heterothallic (i.e., antheridia and archegonial develop on different thalli).

Antheridia and archegonia remain enclosed with in the antheridial and archegonial
chambers and develop on the dorsal surface of the thallus (Fig. 2, 3). Sex organs develop in
acropetal succession (i.e., mature sex organs are present at the posterior end, the young ones
towards the apex of the thallus).

In monoecious species alternate groups of antheridia and archegonia develop at a
sufficient distance from the growing point. There is no particular time for the development
of sex organs, and therefore one can see all the developmental stages in the different sections
of the same thallus.

Antheridium:
Development:

The development of antheridium starts from a superficial antheridial cell, situated on
the dorsal surface of the thallus (Fig. 15 A). It is a few (2-3) cells away from the apical cell.

The antheridial initial enlarges in size, becomes papillate and divides first by a
transverse division to form an upper outer cell and a lower basal cell (Fig. 15 B). Basal cell
remains embedded in the tissue of thallus, undergoes only a little further development and
forms the embedded portion of the antheridial stalk.

Outer cell divides by transverse divisions to form a filament of 4 cells. Upper two cells
of the 4 celled filament are known as primary antheridial cells and lower two cells are known
as primary stalk cells (Fig. 15 C-E). Primary stalk cells form the stalk of the antheridium.
Primary antheridial cells divide by two successive vertical divisions at right angle to each
other to form two tiers of four cells each (Fig. 15 F, G).

A periclinal division is laid down in both the tiers of four cells and there is the
formation of eight outer sterile jacket initials and 8 inner primary androgonial cells (Fig. 15
H, D).

Jacket initials divide by several anticlinal divisions to form a single layer of and
theridial jacket. Primary androgonial cells divide be several repeated transverse and vertical
divisions resulting in the formation of large number of small cubical androgonial cells (Fig.
15 K-M). The last generation of the androgonial cells is known as androcyte mother cells.
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Fig. 15 (A=-M) Riccla. Development of antheridium.

Spermatogenesis:

The process of metamorphosis of androcyte mother cells into antherozoids is called
spermatogenesis. It completes within a few minutes. Each androcyte mother cell divides by
a diagonal mitotic division to form two triangular cells called androcytes. Both the
androcytes remain enclosed in the wall of the androcyte mother cell with one separate wall
(Fig. 16 A, B).

Each androcyte has a prominent nucleus and a small extra-nuclear granule called
blepharopiast. It lies near the periphery of the protoplast (Fig. 16 C). The androcyte soon
looses its triangular shape and becomes somewhat round or oval (Fig. 16 D). Its
blepharoplast elongates into a cord and occupies about two-thirds of its part. Simultaneously
the nucleus also becomes crescent shaped, homogeneous and ultimately comes in contact
with the blepharoplast.

Two large flagella develop from the conspicuously thickened end of the
blepharoplast. A small part of the cytoplasm, which is not utilised in the formation of flagella
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may remain attached to the posterior end of antherozoid as a small vesicle. Each androcyte

thus metamorphosis into an antherozoid (Fig. 16 E-H).
Slepharoplast

necleus g

fagella

H
Fig. 18, Riccia. Metamophosis of androcyte into antherozold.

Mature Antheridium:

A mature antheridium has a short stalk and oval shaped body with a flat base and
conical apex (Fig. 15 M). Stalk attaches the antheridium to the base of the antheridial
chamber. Antheridium is present singly in an antheridial chamber. A single-layered sterile
jacket encloses the mass of androcytes which metamorphoses into antherozoids.

Mature Antherozoid:

A mature antherozoid is unicellular, uninucleate, biflagellate and coiled structure.
Both flagella resemble morphologically but differ in function. One flagellum serves for
propulsion and the other for rotation and for changes in direction (Fig. 15 H).

Dehiscence:

Water helps in the dehiscence of the anheridium. Antheridial chamber, in which an
antheridium lies, communicates with the clorsal surface of the thallus by terminal opening.
The cell walls form the semifluid content of the antheridium during the metamoiphosis.
Mature antherozoids remain free in the semifluid substance in the antheridial cavity.

As water enters in their antheridial chamber, the sterile apical cells of the antheridial
jacket enlarge by absorbing water, become softened and ultimately break open. The mature
antherozoids along with semifluid mass, come out of the antheridium to the antheridial
chamber and then to the dorsal surface of the thallus.
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Archegonium :
Development:

The development of the archegonium starts on the dorsal surface of the thallus from
a single superficial cell, which acts as an archegonial initial (Fig. 17 A). This initial enlarges,
becomes papillate and first divides transversely into a basal cell and an outer cell (Fig. 17 B).

There is no further division in the basal cell and it forms the embedded portion of the
archegonium. The entire archegonium develops from the outer cell. This outer cell divides
by three successive intersecting walls or periclinal vertical walls resulting in the formation
of three peripheral initials and a fourth median cell, the primary axial cell (Fig. 17 C-E).

Each of the three peripheral initials divides by an anticlinal vertical division forming
two cells. In this way the primary axial cell gets surrounded by six cells (Fig. 17 ], M). These
cells are called jacket initials. Six jacket initials divide transversely into upper neck initials
tier and lower venter initial tier (Fig. 17 G).

Neck initials tier divides by repeated transverse divisions to form a tube-like neck.
Neck of the archegonium consists of six vertical rows and each row consists six to nine cells.
Venter initial tier also divides by repeated transverse divisions to form a single layer of
swollen venter.

Simultaneously the primary axial small cell divides transversely and unequally to
form small upper primary cover cell and large lower central cell (Fig. 17 F). The central cell
divides into an upper primary neck canal cell and a lower venter cell.

Primary neck canal cell divides by a series of transverse divisions to form four neck
canal cells. Primary venter cell divides only once and forms a small venter canal cell and a
large egg (Fig. 17 |, K). The primary cover cell divides by two vertical divisions at right angle
to one another forming four cover cells which form the mouth of the archegonium.

Mature Archegonium:

A mature archegonium is a flask shaped structure. It remains attached to the thallus
by a short stalk. It consists of upper elongated slender neck and basal globular portion called
venter.

The neck consists of six vertical rows enclosing four neck canal cells. The venter
consists of a single layered jacket. Twelve to twenty cells in perimeter enclose a small venter
canal cell and large egg. Four cover cells are present at the top of the neck (Fig. 17 L).
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Flg. 17. Riccla. Development of archegonium.

Fertilization in Riccia:
Water is essential for fertilization. It enters the antheridial chamber. Apical cells of

the antheridial wall get swollen by absorbing water. These cells become softened and finally
breakdown to release mass of antherozoids. These antherozoids come up to dorsal surface
of the thallus from the antheridial chamber where they swim in the thin film of water and
reach the mouth of the neck of the archegonium.

In the mature archegonium the venter canal cell and neck canal cells disintegrate and
form a mucilaginous mass. It absorbs water, swells up and comes out of the archegonial
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mouth by pushing the cover cells apart. This mucilaginous mass consists of chemical
substances such as soluble proteins and certain inorganic salts of potassium.

Many antherozoids enter the archegonial neck because of the chemotactic response
and reach up to egg. One of the antherozoids penetrates the egg and fertilization is effected
(Fig. 18A-C). The fusion of the nuclei of male and female gamete results in the formation of
diploid zygote or oospore. Fertilization ends the gametophytic phase.

Fig. 18. Riccla. Development of sporogonium.

Sporophytic Phase:

After fertilization the diploid zygote or oospore enlarges until it completely fills the
cavity of the venter of the archegonium. A wall is then secreted around the oospore. The act
of fertilization also stimulates the division of the wall of the venter. It divides anticlinally and
periclinally to form a two-layered calyptra along the developing sporophyte.

Development of Sporophyte:

The zygote divides first by a transverse division to form two almost equal sized cells
(Fig. 18 D). The second division is at right angle to the first and results in the formation of
four cells.

This represents quadrant stage (Fig. 18 E). The next division is also vertical but it is
at right angle to the first. An 8-called stage thus results. It is called octant stage (Fig. 18 D).
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The cells of the octant divide in all possible planes to form a spherical mass of 20-40 cells
(Fig. 18 E-H).

The cells of the peripheral region divide by a periclinal division to form an outer layer
of amphithecium and the central mass of cells called endothecium. The cells of the
amphithecium divide only by anticlinal division to form a single-layered sterile jacket or
capsule wall. The endothelium forms the archesporium. Its cells divide and re-divide to form
a mass of sporogenous cells (sporocytes, Fig. 18 I-L).

According to Pagan (1932), some of the spore mother cells in Riccia crystallina fail to
produce spores and form abortive nutritive cells called nurse cells. He considered these cells
as the fore-runnes of elaters found in higher forms of Marchantiales.

Sporogenesis :

At the time of meiosis, the spore mother cells lie free within the cavity of sporogonium
(Fig. 18 L). Spore mother cells undergo meiosis. Nucleus of each spore mother cell divides by
two successive divisions to form 4 haploid nuclei.

In first division the chromosome number is reduced to half of the somatic number.
The four nuclei migrate to the periphery of the spore mother cell and lie at equal distance
from each other. Simultaneously cell walls are formed around each haploid nucleus, thus
delimiting four haploid spores.

The spores are tetrahedrally arranged (Fig. 18 M, 20 A, F). However, in Riccia personii
four spores are iso-bilaterally arranged (Khan, 1953).

The haploid number of chromosomes is 8 in species like Riccia arvensis, R.
campbelliana, R. donnelleii, R. sorocarpa and R. trichocarpe. However, in species like R.
austini and R. California it is 9 (Siler, 1934). In India a in polyploid species gaugetica Udar
and Chopra (1957) reported 24 (n) and 48 (In) chromosomes number.

Mature Sporogonium:

A mature sporogonium is represented only by spherical spore sac or capsule. It lacks
foot and seta (Fig. 19). It has a single-layered capsule wall which encloses spores. There are
no elaters. A bilayered calyptra forms a protective covering around the capsule.

The capsule wall and inner layer of calyptra break down before the spore mother cells
divide to form the spores. After meiosis the mass of spores lies free in the outer layer of
calyptra and mature sporogonium has no diploid structure. The newly formed young
gametophyte remains enclosed with in the old gametophyte (Fig. 18 M; 19).
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Fig. 19. Riccia. Transverse section of thallus passing through mater sporogonium.

Dispersal of Spores:

Spores are not immediately dispersed in Riccia. There is no special method of
dispersal, Spores remain inside the thallus for one year or so and dispese after the death and
decay of the calyptra and surrounding tissue.

The Spore:

Spores are very small (0.05-0.12 mm in diameter). They are haploid uninucleate and
pyramidal in shape (Fig. 20 G). Each spore remains surrounded by three layers i.e., an
outermost ornamented cutinised layer called exosporium, the middle layer called
mesosporium (differentiated into 3 concentric zones) and the innermost layer called the
endosporium. The endosporium is made up of cellulose and pectose (Beer, 1906).

Fig. 20. Riccia. Sporogenesis
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Germination of Spores and Formation of Young Gametophyte:

Light, low temperature and water is essential for spore germination. According to
Campbell (1918) the exosporium and mesosporium rupture at the triradiate mark and the
endosporium comes out in the form of a tubular outgrowth called the germinal (Fig. 21 A—
Q).

Germinal tube is filled with cytoplasm which contains albumin granules,
chloroplasts and oil granules. The germ tube elongates rapidly to form a club-shaped
structure because the content of the cytoplasm move to the distal end. At the end it divides
by a transverse division to form a small cell (Fig. 21 D).

GERM PPORL

G

Fig. 21. Riccla. Germination of spore and formation of young gametophyte.

[t again divides by a transverse division which is parallel to first division. Both these
cells divide by two vertical divisions at right angle to one another and form two tiers of four
cells each. This represents octant stage (Fig. 21 E). The distal tier of four cells of the octant
stage functions as an apical cell with 2 cutting faces. It cuts a number of cells on its left and
right side to form the multicellular thallus (Fig. 21 G, H).

Along with these divisions the first rhizoid develops at the base of the germ Lube.
Many rhizoiu develop later on from the multicellular thallus and fix it on the soil (Fig. 22 A,
H).

Formation (rhizoids is affected by light intensity (Chopra and Sood, 1973). Rhizoids
develop in the light i medium intensity (2000 Lux). In Riccia crustissi two spores of a tetrad
develop into male thalli and two spores develop into female thalli (Mc Allister, 1928).
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Systematic Position of Anthoceros:

Division 3 Bryophyta

Class 3 Anthocerotopsida
Order 1 Anthocerotales
Family : Anthocerotaceae
Genus - Anthoceros

Distribution and Habitat of Anthoceros:

Anthoceros is represented by about 200 species. All species are terrestrial and
cosmopolitan in distribution. The species grow in very moist and shady places like slopes,
rocks or sides of the ditches. Some species are found growing on decaying wood (Cavers,
1911). Unlike other bryophytes Anthoceros is usually not well adapted to resist dry
conditions.In India Anthoceros is represented by about 25 species. Out of these three species
of Anthoceros viz.,, A. himalayensis, A. erectus and A. chambensis are commonly found
growing in the Western Himalayan region at an altitude of 5000-8000 feet (Kashyap, 1915).
These species are also found growing in Mussoorie, Kulu, Manali, Kumaon, Chamba valley,
Punjab, Madras and in plains of South India.

Mehra and Handoo (1953) reported A. himalayensis and A. erectus from Simla,
Nainital and Dalhousie. Some other species of Anthoceros and their places of occurrence
are—A. dixitii, A. sahyadrensis (Poona and neighbouring hills), A. crispulus (Lucknow), A.
assamicus (Assam), A. shvianandani (Kerala) etc. The species of Anthoceros may be
perennial (A. himalayensis) or annual (A. erectus).

Gametophytic Phase of Anthoceros:
External Features:

The gametophytic plant body is thalloid, dorsiventral, prostrate, dark green in colour
with a tendency towards dichotomous branching. Such branching results into an orbicular or
semi orbicular rosette like appearance of the thallus.

The thallus is bilobed (A. himalayensis, Fig. 1 A) or pinnately branched (A. hallii) or
spongy with large number of sub-spherical spongy bodies like a gemma (A. gemmulosus fig.
1 C) or raised on a thick vertical stalk like structure (A. erectus, fig 1. B).

X ventral |(*
/ surface
rhizoids
D thallus E F G
Fig. 1. (A-F). Anthoceros. External features (A) A. himalayensis, (B) A. erectus, (C) A. gemmulosus,
(D) A. crispulus (dorsal surface), (E) Ventral surface, (F) Smooth-walled rhizoids, (G) Thallus with tubers.
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Dorsal Surface:

The dorsal surface of the thallus may be smooth (A. laevis) or velvety because of the
presence of several lobed lamellae (A. crispulus) or rough with spines and ridges (A.
fusiformis). It is shining, thick in the middle and without a distinct mid rib (Fig. 1 D).
Ventral Surface:

The ventral surface bears many unicellular, smooth-walled rhizoids (Fig. 1 E, F). Their
main function is to anchor the thallus on the substratum and to absorb water and mineral
nutrients from the soil. Tuberculated rhizoids, scales or mucilaginous hairs are absent. Many
small, opaque, rounded, thickened dark bluish green spots can be seen on the ventral surface.
These are the mucilage cavities filled with Nostoc colonies.

In the month of September and October the mature thalli have erect, elongated and
cylindrical sporogonia. These are horn like and arise in clusters. Each sporogonium is
surrounded by a sheath like structure on its base. It is called involucre (Fig. 1 D).

Internal Structure:

The vertical transverse section (V. T. S.) of the thallus shows a very simple structure.
It lacks any zonation (Fig. 2 A, B). It is uniformly composed of thin walled parenchymatous
cells. The thickness of the middle region varies in different species.

[t is 6-8 cells thick in A. laevis, 8-10 cells thick in A. punctatus and 30-40 cells thick in
A. crispulus. The outer most layer is upper epidermis. The epidermal cells are regularly
arranged, smaller in size and have large lens shaped chloroplasts. In A. hallii the epidermal
layer is not distinguishable.

Each cell of the thallus contains a single large discoid or oval shaped chloroplast. Each
chloroplast encloses a single, large, conspicuous body called pyrenoid, a characteristic
feature of class Anthocerotopsida (Fig. 2 C, D). 25-300 disc to spindle shaped bodies
aggregate to form pyrenoid.

The number of chloroplasts per cell also varies in different species. In A. personi each
cell has two chloroplasts and in A. hallii the number may be even four. The nucleus lies in the
close vicinity of the chloroplast near the pyrenoid (Fig. 2 D). Sometimes the chloroplast
enfolds

The air chambers and air pores are absent in Anthoceros. However, in a few species
intercellular cavities are present on the lower surface of the thallus. These cavities are
formed due to break down of the cells (schizogenous).

The cavities are filled with mucilage and are called mucilage cavities. These cavities
open on the ventral surface through stoma like slits or pores called slime pores (Fig. 2 B).
Each slime pore has two guard cells with thin walls (Fig. 2 F). The guard cells are non-
functional and do not control the size of the pore.

The pore remains completely open. These pores are formed by the partial separation
of two adjacent cells. The slime pores represent the vestigial remnants of a previously
existing aerating system. With the maturity of the thallus the mucilage in the cavities dries
out.

[t results in the formation of air filled cavities. The blue green algae Nostoc invades
these air cavities through slime pores and form a colony in these cavities. The presence of
Nostoc colonies in the thallus of Anthoceros is beneficial for the growth of gametophyte is
not definitely known.



Pierce (1906) assumed that the thalli without Nostoc grow better than the ones
containing the endophytic algae. However, according to Rodgers and Stewart (1977) itis a
symbiotic association.

The thallus supplies carbohydrates to the Nostoc and the latter, in turn, adds to
nitrate nutrients by fixing atmospheric nitrogen. The lowermost cell layer is lower
epidermis. Some cells of the lower epidermis extend to form the smooth-walled rhizoids (Fig.
2 B).

upper epidermis mucilage cavity

lower
epidermis
[‘»-\ smooth walled
A rhizoid

pyrencid nucieus

epidermis gime pore chicroplast

chioroplast

o5 ' ) === p;
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Fig. 2. (A-F). Antheceros. Internal structure of the thallus. (A) Vertical transverse section (V.T.S.) of thallus
(diagrammatic), (B) V.T.S. of thallus (a part cellular), (C) Cells showing chloroplast and pyrenoid,
(D) cells showing chloroplast, pyreroid and nucleus, (E) Parenchymatous cells with
chloroplast and nucleus, (F) Surface view of slime pore.

Reproduction in Anthoceros:

Anthoceros reproduces by vegetative and sexual methods.

Vegetative Reproduction

It takes place by the following methods:

1. By death and decay of the older portion of the thallus or fragmentation:

The older portion of the thallus starts rotting or disintegrates due to ageing or
drought. As it reaches up to the place of dichotomy, the lobes of the thallus get separated.
Thus, detached lobes develop into independent plants by apical growth. This method is not
so common in Anthoceros as in liverworts.

2. By tubers:

Under unfavorable conditions or prolonged drought, the marginal tissues of the
thallus get thickened and form the perennating tubers. (Fig. 1 G). Their position varies in
different species. They may develop behind the growing points (A. laevis) or along the
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margins of the thallus (A. hallii, A. pearsoni). In A. himalayensis the tubers are stalked and
develop along the margins on the ventral surface of the thallus.

The tubers have outer two to three layers of corky hyaline cells which enclose the
tissue containing oil globules, starch grains and aleurone granules. They are capable to pass
on the unfavorable conditions. On resumption of favourable conditions tubers produce new
thalli.

3. By buds;

In some species of Anthoceros like A. glandulosus, A. propaguliferus, A. formosae
many multicellular stalked structures develop along the margins of the dorsal surface of the
thallus. These structures are called gemmae. When detached from the parent thallus, each
gemma develops into new plant.

4. By persistent growing apices:

Due to prolonged dry summer or towards the end of the growing season, the whole
thallus in some species of Anthoceros (A. pearsoni, A. fusiformis) dries and gets destroyed
except the growing point. Later it grows deep into the soil and becomes thick under
unfavorable conditions. It develops into new thallus. It is more a method of perennation then
multiplication.

5. By apospory:

In Anthoceros, unspecialized cells of the many parts of the sporogonium (for e.g.,
intercalary meristematic zone, sub epidermal and sporogenous region of the capsule) form
the gametophytic thallus. This phenomenon is called apospory (Schwarzenbach, 1926, Lang,
1901). The thalli are diploid but normal in appearance e.g., A. laevis.

Sexual reproduction:

Sexual reproduction is oogamous. Male reproductive bodies are known as antheridia
and female as archegonia. Some species of Anthoceros like A. longii, A. gollani, A. fusiformis,
A. punctatus, A. crispulus and A. himalayensis are monoecious while some species like A.
erectus, A. chambensis, A. hallii, A. pearsoni and A. laevis are dioecious. The monoecious
species are protandrous i.e., antheridia mature before archegonia.

Antheridium:
Structure:

A mature antheridium has a stalk and club or pouch like body. The stalk attaches the
antheridium to the base of the antheridial chamber. Stalk may be slender and composed of
four rows of cells (e.g., A. punctatus, A. erectus, Fig. 3 I) or more massive (e.g.. A. laevis Fig. 3
]). A single or a group of two to four or more antheridia are present in the same antheridial
chamber (Fig. 3 H). A single layered sterile jacket encloses the mass of androcytes which
metamorphosis into antherozoids.

In some species for e.g., A. punctatus and A. erectus jacket layer is formed of four tier
of cells. Each tier appears to be composed of elongated rectangular cells (Fig 3 I). In A. laevis
and A. himalayensis jacket is composed of many relatively smaller and less regularly
arranged cells (Fig. 3 1).

The cells of the upper most tiers are triangular with a narrow end towards the apex
(Fig. 3 J). Each cell of the jacket consists plastids. At maturity these plastids change their
colour from green to red to bright orange. Young antheridia are, therefore, green and mature
one turn bright orange or reddish.



Fg. 3. (A-N) Anthoceros. (A-H) Successive stages in the development of antheridium, (I) Mature antheridium of
A.punctatus (J) Mature antheridium of A. laevis, (K, L) Antherozoids of A. laevis,
(M, N) Antherozids of A. punctatus.

The Antherozoid:

A mature antherozoid is unicellular, uninucleate, bi-flagellated and has a linear body.
The flagella are of almost the same length as the body (Fig. 3 K, L). Proskaeur (1948)
observed that in the body of antherozoids show some degree of residual curvature (Fig. 3 M,
N).

Development:

The development of the antheridium starts from a superficial dorsal cell. This cell
never becomes papillate. It divides by periclinal division into an outer roof initial and inner
antheridial initial (Fig. 3 A, B). Unlike the class Hepaticopsida (e.g., Marchantia), the
antheridium develops from the inner cell.

Therefore, the antheridium is endogenous in origin. Soon after the division a
mucilaginous filled space develop between the antheridial initial and roof initial. (Fig. 3 C).

The roof initial divides by periclinal divisions followed by many anticlinal divisions
to form two layered roof of the antheridial chamber. The antheridial initial either directly
develops into a single antheridium (e.g., A. pearsoni) or it may divide vertically into two, four
or sometimes more daughter cells (e.g., A. erectus).

Each of the daughter cells functions as antheridial initial. The antheridial initial
divides by two vertical divisions at right angle to each other to form four cells (Fig. 3 D). At
this stage the young antheridium consists four cells.

All the four cells divide by transverse division to form eight cells, arranged in two tiers
of four cells each (Fig. 3 E). The cells of the lower tier are called stalk cells. These cells divide
and re-divide by transverse divisions to form multicellular stalk of the antheridium.
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The four cells of the upper tier form the body of the antheridium. These cells divide
by transverse division to form eight cells (Fig. 3 F).

Each cell of the octant divides by a curved periclinal division to form the eight outer
primary jacket cells and eight inner primary androgonial cells (Fig. 3 G). Primary androgonial
cells divide by several repeated transverse and vertical division resulting in the formation of
large number of small cubical androgonial cells.

The last generation of androgonial cells is known as androcyte mother cells. Each
androcyte mother cell divides by a diagonal mitotic division to form the two triangular cells
called androcytes.

The protoplast of each androcyte metamorphosis into bi-flagellated antherozoid. In
some species secondary antheridia develop later from the stalk of the older one. Therefore,
in more advanced stages the antheridial group inside a single antheridial chamber consists
varying number of antheridia in different stages of development (Fig. 3 H).

Dehiscence of Antheridium:

Water helps in the dehiscence of the antheridium. As the antheridia mature the roof
of the antheridial chamber breaks down irregular, exposing the antheridia in a cup like
chamber. The antheridia absorb water and the uppermost tier of triangular cells fall apart
releasing a mass of antherozoids.

After dehiscence the antheridium loses turgor and collapses. It is followed by another
antheridia to converge towards the opening in the roof and in this way a continuous stream
of antherozoids is possible. It explains the formation of large number of sporophytes
Hornworts. (fig 4).

Flg. 4. Anthoceros. Dehiscence of antheridium.

Archegonium:
Archegonia develop in the flesh of the thallus on dorsal surface. The place of an
archegonium on a thallus can be identified by the presence of a mucilage mound (Fig. 5).
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Flg. 5. Anthoceros. Mature archegonium with
muclilage mound.

Structure:

A mature archegonium consists of two to four cover cells, an axial row of four to six
neck canal cells, a venter canal cell and an egg. The jacket layer is not distinct from the other
vegetative cells like other Bryophytes (Fig. 6 G, H).
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Fig. 6. (A-H). Anthoceros. Development of archegonium. (A-H).
Successive stages In the development of archegonium.
Development:

The development of the archegonium starts on the dorsal surface of the thallus from
a single superficial cell which acts as an archegonial initial (Fig. 6 A). It can be differentiated
from other cells by its dense protoplasm.

The archegonial initial may divide by transverse division to form an upper primary
archegonial cell and lower primary stalk cell (e.g., A. crispulus, A. gemmulosus) or it may
directly functions as primary archegonial cell (e.g., A. erectus).

The primary archegonial cell divides by three’ successive intersecting walls or
periclinal vertical walls to form the three peripheral initials or jacket initials and a fourth
median cell, the primary axial cell (Fig. 6 B, C). Jacket initials divide by transverse divisions
to form into two tiers of three cells each. The cells of the upper tier divide by anticlinal
division to form six cells.

These cells divide transversely to form a jacket of six rows of sterile neck cells. The
three cells of the lower tier divide by transverse and vertical divisions to form venter wall.
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Since the archegonium is embedded in the thallus, it is difficult to trace the development of
the cells and to distinguish them from the vegetative cells (Fig. 6).

The primary axial cells divide by a transverse division to form an outer cell and inner
(central) cell (Fig. 6 D). The outer cell divides by a transverse division to form terminal cover
initial and inner primary neck canal cell (Fig. 6 E).

The inner cell directly functions as primary venter cell and divide only once to form
upper small venter canal cell and a lower large egg. Primary neck canal cell divides by series
of transverse divisions to form four to six neck canal cells. Cover initial divided by one two
vertical division to form two to four rosette like cover cell at the tip of the neck (fig 6 G, H).
Fertilization:

Water is essential for fertilization. In the mature archegonium, the venter canal cell,
neck canal cells disintegrate and form a mucilaginous mass. It absorbs water, swells up and
becomes out of the archegonial neck by pushing the cover cells apart. This mucilaginous
mass becomes continuous with the mucilage mound and in this way an open passage down
to egg is formed.

The mucilaginous mass consists of chemical substances. Many antherozoids caught in
the mucilage enter in the archegonial neck because of the chemotactic response, reach upto
the egg, and fertilization is effected. Prior to fertilization, egg enlarges and fills the cavity of
the venter. Fusion of both male and female nuclei results in the formation of diploid zygote
or oospore. Fertilization ends the gametophytic phase.

Sporophytic Phase:

After fertilization the diploid zygote or oospore still enlarges in size and fills the cavity
of the venter of the archegonium. It secretes an outer cellulose wall.
Development of Sporophyte:

The first division of the zygote (Fig. 7 A, B) is vertical. In other Bryophytes the first
division of the zygote is transverse. This is the important difference in the development of
sporophyte of Hornworts and rest ‘of the Bryophytes.

The second division is transverse (Fig. 7 C) and is so oriented that the upper two cells
are usually longer than the lower two (quadrant stage). All the four cells divide by vertical
walls to produce eight cells (octant stage). The eight cells are arranged in two tiers of four
cells each.

Further development of the sporophyte varies in different species. In A. erectus the
lower tier of four cells of octant stage form the foot while the seta and capsule are formed
from the upper tier of four cells.

In majority of the species like A. fusiformis, A. pearsoni and A. himalayensis upper tier
of four cells divide by transverse division to form three tiers of four cells each (Fig. 7 D). The
lowermost tier forms the foot, the middle tier forms the meristematic zone or intermediate
zone and uppermost tier develops into the capsule.

The four cells of the lower tier divide by irregular divisions to form broad, bulbous
foot, made up of parenchymatous cells. In some species (e.g., A. punctatus) the superficial
cells of the foot form a palisade layer of cells while in some species (e.g., A. laevis, A.
himalayensis) the superficial layer grows into haustoria like projections.

The uppermost tier of four cells which forms the capsule divide by one to two
transverse divisions to form two to three tiers of cells.

[t is followed by periclinal division to form an outer layer of amphithecium and the
central mass of cells called endothecium (Fig. 7 F). The entire endothecium develops into the



sterile columella. In young sporophyte it is made of four cells but in mature sporophyte it is
made of sixteen vertical rows (Fig. 8 D, E) of cells (4 x 4).

The amphithecium divides by a periclinal division to differentiate into an outer sterile
layer of jacket initials and inner fertile layer (Fig. 7 A).

The cells of the jacket initials divide by anticlinal and periclinal divisions to form four
to six layered capsule wall. The outermost layer of the capsule wall is called epidermis (Fig.
8 A). It is characterised by the presence of stomata (Fig. 8 F). The cells of the inner layers of
capsule wall have chloroplast.

In young sporophyte the archesporium over archs the columella (Fig. 7 G). The
archesporium may single layered in thickness throughout in its further development (e.g., A.
erectus) or become two layered (e.g., A. pearsoni) or two to four layered (e.g., A. hallii).
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Fig. 7. (A-H). Anthoceros. Successive stages in.the development of sporophyte.

On maturity the archesporium gives rise to two types of cells: spore mother cells and
elater mother cells. These cells are arranged in alternate manner one above the another (Fig.
8 A).

Spore mother cells are spherical or oval with dense cytoplasm and large nuclei. These
cells divide by meiotic divisions to form spore tetrads (Fig. 8 A). Elater mother cells are
elliptical with small nuclei. These cells divide mitotically to form four celled elaters.

The four cells of the elaters may remain attached to each other or may break into 1-
celled, 2-celled or 3-celled units. The broken units are called pseudo elaters. (The elaters are
without thickening bands and therefore, called pseudo elaters, Fig. 8 A). By the activity of the
meristematic zone various tissues of the capsule are continuously produced so that it
becomes elongated.

The young sporophyte of the Anthoceros is surrounded by a fleshy covering or sheath.
It is called involucre (Fig. 8 A). It is developed partly from the tissue of the archegonium and
partly from the tissue of the gametophytic thallus. In young stages the sporophyte is
completely surrounded by involucre.
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Structure of Mature Sporogonium:

The mature sporophyte consist a bulbous foot and a smooth, slender, erect,
cylindrical, structure called capsule. Capsule varies in length from two to fifteen centimeter
in different species. The sporogonium appears like a ‘bristle’ or ‘horn’, hence, the species
are called ‘hornwoits’ (Fig. 1 A, 8 A).

Internal structure:

A mature sporogonium can be differentiated into three parts viz., the foe: seta and the

capsule.

Foot:

[t is bulbous, multicellular and made up of a mass of parenchymatous cells. It acts as
ac haustorium and absorbs food and water from the adjoining gametophytic cells for the
developing sporophyte (Fig. 8 A).
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monstematic
region

Flg. 8. (A-F). Anthoceros. Internal structure of the sporogonium (A)
Longitudinal Section (L.S.) through the mature sporogonium. (B)
Cross section of the sporogonium at a-a level, (C) cross section of
the sporogonium at b=b level, (D) cross section of the
sporogonium at c-¢ level, (E) Cross section of the sporogonium at
d-d level, (F) Structure of from the epidermis of
sporogonium wall,

Meristematic Zone or Intermediate Zone or Intercalary Zone:
Seta is represented by meristematic zone. This is present at the base of the capsule
and consists meristematic cells. These cells constantly add new cells to the capsule at its base.
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The presence of meristem at the base enables the capsule to grow for a long period
and form spores. It is a unique feature of Anthoceros and is not found in any other bryophyte.
We are able to see different stages of development from base upwards in the sporogonium
of Anthoceros (Fig. 8 A).

Capsule:
Its internal structure can be differentiated into following parts:
Columella:

[t is central sterile pan, extending nearly to its tip. It is endothecial in origin. In young
sporophyte it consists of four vertical rows of cells but in mature sporophyte it is made up of
16 vertical rows of cells (4 x 4). In a transverse section these cells appear as a solid square
(Fig. 8 D, E). It provides mechanical support, functions as water conducting tissue and also
helps in dispersal of spores.

Archesporium:

[t is present between the capsule wall and the columella. It extends from base to the
top of the capsule. It originates from the inner layer of amphithecium. In young sporophyte
it over arches the columella (a feature in contrast to liverworts).

In a few species of Anthoceros for e.g., A. crenatifrons, A. hawaiensis and A. erectus,
the archesporium may remain one cell in thickness throughout its further development.

However, in A. pearsoni and A. himalayensis it may become two layered thick a little
above the base. In A. hallii it may even become two to four cells in thickness (Fig. 8 A, a-a). In
upper part of the capsule it is differentiated into sporogenous tissue which produces spores
and pseudo elaters.

Pseudo elaters may be unicellular or multicellular, branched or un-branched and may
consists more or less elongated cells (Fig. 9 A-D). The spiral thickenings are absent
(characteristic of Anthoceros) but in A. physocladus the cells have long and thick walls with
extremely reduced lumen (Pande, 1960). In some species of Anthoceros their secondary
walls possess helical thickenings (Proskauer, 1960).

Capsule wall:

It consists of four to six layers of cells, of which the outermost layer is epidermis (Fig.
8 A, d-d). The cells of the epidermis are vertically elongated and have deposit of cutin on their
walls. The continuity of epidermis is broken by the presence of stomata. The stomata are
oriented vertically with the axis of the sporogonium and are widely separated from each
other.

Each stoma consists a pore surrounded by two guard cells (Fig. 8 F). The cells of the
inner layers have intercellular spaces and contain chloroplast. Thus, the sporogonium is
partially self-sufficient to synthesize its own organic food but partially it depends on the
gametophyte for the supply of water and mineral nutrients.

Dehiscence of the capsule:

Capsule dehisces basipetally i.e., from apex to base. As the capsule matures, its tip
becomes brownish or black. Vertical lines of dehiscence appear in the jacket layer (Fig. 9 E).
The dehiscence of the capsule is usually by two longitudinal lines, occasionally it is by single
line (Fig. 9 F) or rarely by four lines. The capsule wall dries and shrinks at maturity.

Consequently narrow slits appear in the capsule wall all along the shallow grooves
(line of dehiscence), which gradually widen and extend, towards the base. (In A. crispulus
capsule splits first along one line of dehiscence and it is followed by splitting along other line
of dehiscence). It results in the formation of two valves of the capsule wall (Fig. 9 G).



Fig. 9. (A=G). Anthoceros (A-D). Pseudoelaters of different species,
(E). Apex of the capsule with line of dehiscence, (F) Single line of
dehiscence, (G) Bivalved dehiscence.

Still attached at the tip and exposing the columella is the mass of spores and pseudo
elaters. The two valves thus separated, diverge and twist hygroscopically. The pseudo elaters
also dry out, twist and help to loosen the spores. Thus, the twisting of the valves and the
movement of the pseudo elaters in the exposed spore mass helps in the shedding of the
spores. Air currents also help in the dispersal of spores.

Structure of Spore:

The spores are haploid, uninucleate, semicircular with a conspicuous triradiate mark
(Fig. 10 A).

Each spore remains surrounded by two wall layers. The outermost layer is thick
ornamented and is known as exospore. It varies in colour from dark brown to black (e.g., A.
punctatus) or yellowish (e.g., A. laevis). The inner layer is thin and is known as endospore.
Wall layers enclose colourless plastids, oil globules and food material.

Germination of spore and formation of young gametophyte:

Under favourable conditions the spores germinate immediately in A. erectus and A.
punctatus (Mehra and Kachroo, 1962).

However, in A. fusiformis the spores undergo a resting period of few weeks or months
before germination (Campbell, 1928). At the time of germination spore absorbs water and
swells up Exospore ruptures at the triradiate mark and endospore comes out in the form of
a tube. It is calledgerm tube (Fig. 10 B).

Contents migrate into the germinal tube where the colourless plastids turn green.
Two successive transverse walls are laid down at the tip of a the germinal tube resulting in
the formation of three celled filament (Fig. 10 C, D). The upper cell divides by a vertical
division (Fig. 10 E) followed by similar vertical division in the lower cell (quadrant stage Fig.
10 F).

These four cells again divide by a vertical division at right angle to first to form eight
cells (octant stage). This octant stage is known as sporeling. The o.otal tier of four cells
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function as apical cells and form the new gametophyte. First rhizoid develops as an
elongation of any cell of the young thallus (Fig- 10 G, H). As the growth proceeds, the
mucilage slits appear on the lower surface and these slits are infected by Nostoc.

Fig. 10. (A-H). Anth 08. St ive stages in the germination

of spore and formation of gametophyte.
Alternation of Generation:

The life cycle of Anthoceros show regular alternation of two morphologically distinct
phases. One of these generations is haplophase and the other is diplophase.
Haplophase or gametophytic phase:

In Anthoceros this phase is dominant and produces the sex organs. Sex organs
produce gametes to form a diploid zygote.
Diploid phase of sporophytic phase:

Zygote develops into sporophyte. In Anthoceros sporophyte is represented by foot,
meristematic zone and capsule. The sporophyte produces the spores in the capsule. The
spores on germination produce the gametophyte.

So, in Anthoceros, two morphologically distinct phases (haplophase and diplophase)
constitute the life cycle. The life cycle of this type which is characterised by alternation of
generation and sporogenic meiosis is known as heteromorphic and diplohaplontic. (Fig.
11,12).

Affinities of Anthoceros or Primitive and Advanced Characters of Anthoceros:

The thallus of Anthoceros shows both primitive and advanced characters. Anthoceros
on one hand forms a connecting link with the Chlorophyceae (green algae), liverworts,
mosses and on the other hand it is linked with primitive Pteridophytes.
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POLYTRICHUM
Occurrence
Polytrichum have worldwide distribution. They are very common in cool
temperature and tropical regions. Plants live in cool and shady places.

General structure

The main plant body is gametophyte. The adult plant consists of two parts: rhizome
and upright leafy shoot.
1. Rhizome: It is horizontal portion and grows underground. It bears three rows of small
brown or colourless leaves. It also bears rhizoids. The cells are rich in protoplasm and oil
globules.
2. Upright leafy shoot: The leafy shoots are much longer. It is the most conspicuous part of
the plant. It arises from rhizome. These branches consist of central axis. These branches bear
large leaves arranged spirally.
3. Leaves: Leaves have broad bases. Leaves in the upper portion are green. But the lower
ones are brown. Each leaf has a broad. colourless sheathing leaf base and narrow distal limb.
The mid-rib forms the major part of the leaf. These leaves possess extra photosynthetic
tissue in the form of closely set vertical plates of green cells. These are known as lamellae.
Green lamellae act as additional photosynthetic tissue.
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Leaf: Polytrichum have complex internal structure. The mid-rib region is thick. But the
margins are only one cell thick. The lower surface is bounded by epidermis. One or two layers
of sclerenchymatous tissues are present above the epidermis. The central tissue of leaf is
composed of thin-walled parenchymatous tissues. Above this are again sclerenchymatous
cells. The upper surface is formed of a layer of large cells from which arise numerous
lamellae. This upper portion is the main photosynthetic region of the leaf.

Stem: The T.S. of stem shows three regions: medulla, cortex and epidermis. The medulla is
again differentiated into two zones: central zone and peripheral zone. The cortex consists of
thick-walled cells. The innermost layer of cortex around the conducting strands is known as
a mantle. Its cells contain starch grain. Epidermis is present over the cortex.

Fig® avction of stesr



Life cycle

Vegetative reproduction

Vegetative reproduction takes place by following methods:

I. Protonema: The spores germinate to form protonema. Several buds grow on the
protonema. Each bud by of its apical cell develops into gametophyte.

2. These are also called vegetative buds. They are formed on the rhizoids.

3. Fragmentation: The rhizome gives rise to erect lea& shoots at intervals. Death or
breaking of shoots separates the erect branches. These branches behave as independent
plants.
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Asftheridial initial

Antherozoid
Fig: Malke reproductive organs

Sexual reproduction
Polytrichum is dioecious. Antheridia archegonia occur on different plants.
Antheridial head

The antheridia are borne in the axillary clusters at the tips of leafy stems. They are
surrounded by a rosette of leaves called perigonial leaves. These leaves are different from
the ordinary vegetative leaves. The perigonial leaves are spirally arranged. The antheridia
are produced in groups in the axils of these leaves. Thus the antheridial head have different
antheridial groups. Paraphyses also occur among the antheridia.

Mature antheridium is club-shaped. It is composed of a short stalk and a club-shaped
body. Jacket is present around the capsule. Inside the jacket are present androcyte mother
cells. They give rise to biflr.gel late sperms.

o Peripheral
Neck
canal cells

Fig: Female reproductive organs



Development of archegonium

1. Any apical cell in the apical region acts an archegonial initial. The archegonial initial
enlarge. It divides by a transverse division to form lower primary stalk cellsand
upper archegonial mother cell.

2. The primary stalk cell forms a massive stalk. The archegonial mother cell forms the main
body of archegonium. It undergoes three vertical division s to form three peripheral cells
surrounding an axial cell.

3. Three peripheral cells divide to form 2-3-layered jacket around the venter. The axial cell
divides transversely to form inner central cell and outer apical cell.

4. Czntral cell forms upper small venter canal cell and lover large egg cell. Apical cell divides
to form long neck which consists of 6 vertical rows of cells. The cells cut off from the base
foem neck canal cells.

Fertilization:

The sex organs dehisce in the presence of water. The venter canal cell and the neck canal
cells dissolve to form mucilage. This mucilage exerts pressure and the neck opens out. The
mucilage comes out of the neck. The sperms reached the archegonial heads by rain water.
They are attracted towards the archegonia. One of the sperm swims down the open neck and
reaches the base. It fuses with the egg to form oospore. Oospore is the first stage of
sporophytic generation.

Sporophyte

Development of Sporogonium

1. me oospore divides transversely to form upper (epibazal) and
lower (hypobasal) cell.

2. The hypobasal region forms foot and lower part of seta. The foot region consists of thin-
walled cells. It is embedded ir the stalk of the archegonium. The cells of the seta are larger
and poor in cytoplasmic contents.

3. The epibasal region forms upper portion of seta and the capsule. Epibasal cell divides to
form young embryo. Young embryo is cylindrical and completely surrounded by calyptra.
Cells of the embryo divide to form amphithecium and the endothecium regions. 8-
amphithecium cells are surrounded by a group of 4- endothecium cells.

4. Endothecium forms central conducting strands of apophysis. It forms columella and spore
sac of theca. It also forms membranous tissues of the operculum. The outermost layer of
endothecium forms archesporium or spore mother cells. These cells divide meiotically to
form haploid spores.

5. The amphithecium divides to form seven rings of cells. These cells give rise to spongy
tissues and epidermis of apophvsis. They also form outer wall of theca.



Fig VS of capae

Structure of Mature Sporogonium (Sporophyte)

The mature sporogonium is differentiated into foot, seta and capsule. Foot: The foot is buried
deep in the tissue of gametophyte. It is absorptive in function. It consists of thin-walled
narrow cells containing dense cytoplasm.

Seta: The seta is several inches long. It carries the capsule high into the air. It also conducts
water and food. It consists of epidermis, cortex and central conducting strands.

Capsule: The upper part is capsule. It is differentiated into three regions: apophysis, theca
and operculum.

1. Apophysis: It is the lower part of capsule. It is continuous with the seta. It is in the form
of a swollen ring-like protuberance. Its cells are thin-walled, green and loosely arranged. The
apophysis is the main photosynthetic region of the capsule.

2. Theca: It is the middle part of the capsule. It is four-lobed. Its wall is several layered. The
outermost layer is epidermis. Trabecular air spaces are present inside the wall layers. These
spaces have filaments of thin-walled elongated cells containing chloroplasts. Outer spore
sac wall is present internal to outer trabecular spaces. This is followed by spore-sac proper.
Then 2-layered inner spore-sac wall is present. Then inner trabecular air space is present.
The centre is occupied by solid columella. All the sporogenous cells are fertile and form
spores after reduction division.

3. Operculum: This is the uppermost part of the capsule. It is conical. The operculum is
covered by calyptra. The calyptra forms a hairy structure. So Polytrichum is also known
as hair moss. A constriction is present between operculum and theta. A rim or
diaphragm is present at the base of this constriction. The celumella of the theca is
continuous into the operculum. It expands into a fan-shaped epiphragm.Peristome is
present in the form of a thick rim. It bears a number of rigid teeth. The epiphragm fills the
space inside the ring of peristome teeth and is attached to their tips. Peristome teeth arise
from the rim or diaphragm.

Dispersal of spores

Cells of the epiphragm dry up during dry conditions. It separates the operculum. The calyptra
falls. Epiphragm also dries up between the peristome pores. The central tissue of theca



region except the spores degenerates. Thus the spores lie free in the centre of the capsule at
maturity. Spores come out through pores. They are dispersed by wind.

Structure and germination of spores

The spores are yellow. Each spore is uninucleate and has two wall laye:s. The outer layer
is exosporium (exine). The inner layer is endosporium. The spore germinates under
favourable conditions.

Exosporium ruptures and endosporium comes out. It forms prntonema. Protonema develops
many buds. These buds produce new moss plants.

Altrnation of generation

Polytrichum shows heteromorphic alternation of generation.

3. Gametophyte: The plant body is gametophytes. Gametophyte is haploid. It develops
antheridia and archegonia. Antheridia produce antherozoids and archegonium produces
egg. Antherozoids fuse with egg to produce diploid oospore.

4. Sporophyte: The oospore is the first stage of sporophyte generation. It is diploid
generation. Sporophyte has three parts: foot, seta and capsule. Haploid spores are produced
in the capsule by meiosis. Spore is the first stage of gametophyte. Spores germinate to

Spores
(n) Archegonium
__1 Meiosis
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Spore mother
cells (2n) Egg Call
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UNIT II

PTERIDOPHYTES



Before the flowering plants, the landscape was dominated with plants that looked like
ferns for hundreds of millions of years. Pteridophytes show many characteristics of their
ancestors. Unlike most other members of the Plant Kingdom, pteridophytes don’t reproduce
through seeds, they reproduce through spores instead.

A pteridophyte is a vascular plant (with xylem and phloem) that disperses spores.
Because pteridophytes produce neither flowers nor seeds, they are sometimes referred to
as "cryptogams”, meaning that their means of reproduction is hidden.

Pteridophyta Characteristics

1. Pteridophytes are considered as the first plants to be evolved on land:

It is speculated that life began in the oceans, and through millions of years of evolution, life
slowly adapted on to dry land. And among the first of the plants to truly live on land were
the Pteridophytes.

2. They are cryptogams, seedless and vascular:

Pteridophytes are seedless, and they reproduce through spores. They contain vascular
tissues but lack xylem vessels and phloem companion cells.

3. The plant body has true roots, stem and leaves:

They have well-differentiated plant body into root, stem and leaves.

4. Spores develop in sporangia:

The sporangium is the structures in which spores are formed. They are usually homosporous
(meaning: one type of spore is produced) and are also heterosporous, (meaning: two kinds
of spores are produced.)

Read More: Sporulation

5. Sporangia are produced in groups on sporophylls:

Leaves that bear the sporangia are termed as sporophylls. The tip of the leaves tends to curl
inwards to protect the vulnerable growing parts.

6. Sex organs are multicellular:

The male sex organs are called antheridia, while the female sex organs are called archegonia.
7. They show true alternation of generations:

The sporophyte generation and the gametophyte generation are observed in Pteridophytes.
The diploid sporophyte is the main plant body.

CLASSIFICATION OF PTERIDOPHYTES

 According to the older taxonomists, vascular cryptogams in to two divisions: Pteridophyta
and Spermatophyta.

» With the discovery of some fern like, seed bearing fossil plants the distinction between the
two divisions Pteridophyta and Spermatophyta has been eliminated.

« All the vascular plants are placed in a single division, Tracheophyta. Now the plant kingdom
includes, only three divisions - Thallophyta, Bryophyta and Tracheophyta.
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e Eams divided the vascular plants or tracheophyta in to four main groups. Psilopsida,
Lycopsida, Sphenopsida and Pteropsida.

a. Psilopsida includes Psilophytales and Psilotales.

b. Lycopsida includes Lycopodiales, Selaginellales, Lepidodendrales, Isoetales.
c. Sphenopsida includes Hyeniales, Sphenophyllales and Equisetales.

d. Pteropsida includes Filicineae, Gymnosperamae, Angiospermae

 Tippo in his classification of Vascular plants gives “Tracheophyta”, the rank of phylum,
which is subdivided into four subphyla: Psilopsida, Lycopsida, Sphenopsida and Pteropsida.
* In accordance with the International Code of Nomenclature Wardlaw suggested the rank
of subdivisions for the four groups. According to the recommendations of ICBN, the name of
the division should end in the suffix-Phyta, of a sub division in Phytina and of a class in
opsida. On this basis, Smith divided the vascular cryptogams into four divisions - Psilophyta,
Lepidophyta, Calamophyta and Pterophyta.

e According to Bierhorst, taxon subdivision has been deleted and redivided the division
Tracheophyta into 14 classes.

 Sporne proposed the following classificatio for the vascular cryptogams. He recognised six
classes in pteridophytes.

« Class A: Psilopsida
Orders: Rhyniales
Trimerophytales
Zosterophyllales
« Class B: Psilotopsida
Order: Psilotales
e Class C: Lycopsida
Orders: Protolepidodendrales
Lycopodiales
Lepidodendrales
[soetales
Selaginellales
 Class D: Sphenopsida
Orders: Hyeniales
Sphenophyllales
Calamitales
Equisetales
e Class E: Pteropsida:
Sub-class: Primofilices
Orders: Cladoxylales



Coenopteridales
Sub-class: Eusporangiate
Orders: Marattiales
Ophioglossales
Sub-class: Osmundidae
Order: Osmundales
Sub-class: Leptosporangiatae
Order: Filicales
Marseliales
Salviniales
Class F: Progymnospermopsida
Orders: Aneurophytales
Protopityales
Archaeopteridales

Salient Features of Psilotum:

i. The sporophytes are dichotomously branched with an underground rhizome and upright
branches.

ii. The upright branches are leafless.

ii. Rhizoids present instead of roots.

iv. Stem have a relatively simple vascular cylinder.

v. The sporangia are borne in groups (trilocular) and form synangia.

vi. Spores produced are all alike (homosporous).

vii. The development of gametophyte is exosporic and form monoecious subterranian
gametophyte.

viii. The development of embryo is exoscopic.

Sporophyte:

The plant body of Psilotum is sporophytic branched rhizome system and
dichotomously branched, slender, upright, green aerial systems (Fig. 7.11 A) that bears small
appendages and synangia (singular: synangium).

Aerial Stem:

Any one of the rhizome tips may turn upward and undergo several dichotomies to give rise
to a green aerial shoot (Fig. 7.11 A). The aerial shoots are slender, generally erect but may be
pendent in epiphytes (P. flaccidum). They are perennial and become shrubby by repeated
dichotomies and sometimes attain a height up to one meter.

The aerial axis may be cylindrical at base, furrowed in the upper parts (wavy in C.S.), but
somewhat flattened with three longitudinal ridges (triangular in C.S.) at the top. The basal
part of the aerial axes is smooth but the distal part bears small, scaly appendages and
synangia (Fig. 7.1 IB, C).
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Fig. 7.11 : Psilotum nudum : A. A sporophyte plant,
B. An enlarged part of stem showing scaly
appendage, C. A fertile twig

The aerial stems are photosynthetic and the general appearance is xerophytic
although the plants grow in very moist environment.

In T.S., the aerial system is covered by an epidermis, followed by extensive cortical
areas, single-layered endodermis and stele. The stele is siphonostelic in the basal part which
becomes actinostelic in the younger branches (Fig. 7.12 & 7.13).

The epidermis is single-layered, in which the outer tangential cell walls are heavily cutinised
and covered by a layer of cuticle. The epidermis is broken regularly by stomata (Fig. 7.12).
The stomata of Psilotum do not have subsidiary cells.

Fig. 7.12 : T.S. of stem of Psiloium nudum

The cortex is extensive and is divisible into three regions (Fig. 7.13). The outer
portion (chlorenchymatous) directly beneath the epidermis consists of elongated, lobed
chlorophyllous cells with intercellular spaces. This region is two- to five-layered thick and
the cells are full of chloroplastids and starch grains.
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Internal to this zone, there is a middle cortex of 4 to 5 layers of vertically elongated
thick-walled sclerenchymatous cells without intercellular spaces. The walls of these cells
apparently become lignified in the lower portion of the aerial stem.

These tissues provide mechanical support to the plant. Further inwards, there is a
broader zone of parenchymatous cells (the inner cortex), the cell walls of which become
thinner and thinner towards the centre. These cells are without intercellular space but
contain more starch grains.

The cortical tissue is bounded inwardly by a single-layered endodermis whose
vertically elongated cells have a conspicuous casparian bands on the radial and end walls.

The centre of the stem is occupied by a ridged or flattened cylinder of primary xylem
with protoxylem elements at the tip of each ridge. This cylinder may have as many as ten
ridges near the transition region from rhizome to aerial stem. Fewer ridges are present in
the more distal parts of the aerial stem. A single-layered parenchymatous pericycle is
present just below the endodermal layer. The phloem is internal to the pericycle and located
between the ridges of the xylem.

Stomata

el — Epidermis
E™. Outer cortex

Middle cortex

= Inner cortex

Fig. 7.13 : An enlarged view of a segment of T.S. of Psiotu
nudum stem

At the extreme base, the stem is protostelic (actinostelic). In the middle portion the stele is
siphonostelic as the centre of the xylem is occupied by a patch of elongated
sclerenchymatous cells (sclerotic pith).

Rhizome:

The basal subterranean branched rhizome is generally hidden beneath the soil or humus. It
bears numerous rhizoids, instead of roots, which perform the functions of absorption and
ancho- rage.

InT.S., the rhizome reveals an outermost epidermis, cortex, endodermis, pericycle and stele
(Fig. 7.14). The epidermis is indistinct and gives rise to 2-celled rhizoid. The cortex is exten-
sive, parenchymatous and differentiated into outer, middle and inner layers.

The outer cortical layer is characterised by the presence of intracellular endophytic
mycorrhiza. The cells of middle cortex are large with starch grains, while the cells of the inner
cortex are often dark brown in colour because of the presence of phlobaphene (an oxidative
product of tannins).

The stele is protostelic (haplostele or actinostele) and is surrounded by a well-defined
endodermal layer with conspicuous casparian bands on the radial walls.
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Fig. 7.14 : T.S. of rhizome of Psilotum nudum

Appendages:

These are small scale-like structures helically arranged on the upper part of the
aerialsystem. Internally, the appendage is composed of parenchymatous photosynthetic
cells, bounded by a single-layered cutinised epidermis. There is no stomata in the
appendages. There is no vascular trace in the appendages of P. nudum, although minute leaf
traces originate from stele in P. flaccidum which fade out in cortex.

Reproduction in Psilotum :
The Psilotum reproduces vegetatively as well as by spores.
i. Vegetative Reproduction:

The sporophyte as well as gametophyte of Psilotum (e.g., P. nudum) propagate
vegetatively through the production of Gemmae (Fig. 7.15). They are small, multicellular and
ovoid structures developing on surface of rhizome (in sporophytic plant body) or prothallus
(in the gametophyte).

After detachment from the parent body, gemmae of sporophyte may germinate to
form a subterranean shoot, while the gemmae of prothallus, on germination, form a new
prothallus.

Gemma

Fig. 7.15 : Agemma of Psilotum

ii. Reproduction by Spores:
Spore-Producing Structure:

At maturity, many of the dichotomously branched aerial shoots become fertile and
produce trilocular sporangia known as synangia (Fig. 7.11C & 7.16A, B). The mature
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synangium is generally a three-lobed structure (Fig. 7.17A) and each lobe of the synangium
corresponds to a sporangium.

The synangia located at the tip of very short axis, measuring 1-2 mm in diameter and
closely associated with a forked, foliar appendage (Fig. 7.1 7B). At maturity, the synangium
exhibits loculicidal dehiscence.

Development of Sporangium:

The mode of development of each sporangium of the synangium of Psilotum nudum
is of eusporangiate type. Each sporangium develops from a group of superficial initial cells
which divide periclinally to produce primary wall initials and primary sporogenous cells.

A sporangial wall of four or five layers is produced through repeated periclinal and
anticlinal divisions of the primary wall initials. The sporogenous tissue is produced from
repeated divisions of primary sporogenous cells in various planes.

Sporangia
B

Appendage

A

Fig. 7.16 : Psilotum nudum : A, A part of fertile axis bea-
ring sporangia with bifid appendages, B. A
trilocular synangia showing dehiscence

-

SVascular 55
o L,

bundie 2
« A B

Fig. 7.17 : Psiolum nudum : A. T.S. ol synangium,
B. V.S. of fertile axis through a synangium
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Further development of sporangenous tissue gives rise to spore mother cells and
numerous spores are produced as a result of meiosis of the spore mother cells. The spores
are of equal size and shape (i.e., homosporous), bilaterally symmetrical, colourless and
kidney-shaped with monolete aperture.

Gametophyte:

The mature gametophyte shows a striking similarity with a piece of sporophytic
rhizome (Fig. 7.18A). It grows as saprophyte with an associated fungus.
Spores germinate exosporically to form the gametophyte. The mature gametophytes are
brown, cylindrical, subterranean, radially symmetrical and usually dichotomously branched,
but may sometimes become irregular. The surface of the gametophyte is covered by long
unicellular, brownish rhizoids. The gametophyte grows by means of apical meristem (Fig.
7.18A).

Archegonium

Archegonia

Antheridia

Endophytic fungus
B C

Fig. 7.18 : Psilotum nudum : A. A gametophyte, B. An enlarged portion of the gamelophyte showing sex organs and
rhizoids, C. T.S. of gametophyte

In T.S., the gametophyte reveals cutinised peripheral cells which encloses many-
layered thin-walled parenchymatous cells (Fig. 7.1 8C). Many of the internal parenchyma
cells are filled with the hyphi of a symbiotic fungus. It has been observed that in the
gametophyte of tetraploid P. nudum, the centre is occupied by xylem with annular,
scalariform and reticulate tracheids, surrounded by phloem and an endo- dermis.

Thus, Psilotum is the only plant in the plant kingdom where the vascular tissues deve-
lop in the gametophytic generation. The external resemblance of the sporophytic rhizome
and gametophyte, coupled with the presence of vascular tissue in the gametophyte,
supported the homologous theory on the origin of alternation of generations.

Sex Organs:

The gametophytes of Psilotum are monoecious (i.e., homothallic). Sex organs i.e.,
antheridia and archegania, are superficial and scattered over the surface of the gametophyte
(Fig. 7.18A-C). Generally, antheridia are more in number than archegonia.

Antheridium:

The antheridium develops from a single superficial cell (antheridial initial) of the pro-
thallus. The periclinal division of the superficial cell produces an outer jacket initial and an
inner primary androgonial cell (Fig. 7.194, B).
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The outer jacket initial undergoes repeated anticlinal divisions and forms a single-layered
jacket. The inner primary androgonial cell divides in various planes and produces a mass of
developing androgonial cells, the last generation of which are the androcytes (Fig. 7.1 9C- F).
At this stage, the antheridium projects above surface of the prothallus as a minute protube-
rance. Each androcyte eventually becomes a spirally-coiled, multiflagellate antherozoid (Fig.
7.19G) and escapes by the disintegration of the opercular cell.

Archegonium :

The archegonium is also developed from a single superficial cell (archegonial initial)

of the prothallus. The initial cell undergoes periclinal division to form an outer primary cover
cell and an inner central cell (Fig. 7.204A, B). The anticlinal divisions followed by periclinal
divisions of the outer cover cell produces a long projecting neck arranged in four vertical
rows of cells with four to six cells in each row.
The central cell divides transversely to form an upper primary neck canal cell and a lower
primary venter cell. The nucleus of the primary neck canal cell divides to form two neck canal
nuclei and generally this division is not accompanied by wall formation resulting into a
binucleate neck canal cell. The primary venter cell divides transversely to produce a large
egg and a small ventral canal cell (Fig. 7.20C-F).

Antheridial Primary

initial aﬂdfogonial Jacket initials

cell
ES TN
0 EE
A B D
Antherozoids

G
Fig. 7.19 : Psiloturn nudum : A-E. Stages in the development of antheridium, F. A mature antheridium, G. Antherozoids

Neck cells Neck canal Neck cells

Archegonial - Central cell
.a" inital Neck
) initial ’l\ Neck canal

[ Pri. cover cell .e. nuclei.

A - Ventral

c canal cell
Central cell
Egq cell
B D cell E F

Fig. 7.20 : Psilotum nudum : A-E. Stages in the development of archegonium, F. A mature archegonium

Fertilisation:

At maturity, the cell wall of the lower tier of neck cells becomes thick walled and
cutinized. The apical tier, however, breaks away in presence of water and the mucilagenous
contents of the neck cells are released. Thus, a free passage is formed for the entry of the
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antherozoids.Fertilisation is accomplished by the union of a multiflagellate sperm and egg,
resulting in the formation of a diploid zygoie.

Archegonial Epibasal cell Shoot segments
A\

o Zygote Hypobasalcel  (shoot segment)
\ (foot segment) f

/ Sporangio

SPOROPHYTIC
(2n)
GENERATION

Zygote Ackegooim

Fig. 7.22 : Life cycle of Psiotum
Embryo (New Sporophyte):

The diploid zygote is the mother cell of the sporophytic generation. The first division
of the zygote is transverse, forming an outer epibasai cell (directed towards the neck of the
archegonium) and an inner hypobasal cell (directed towards the base of the archegonium)
(Fig. 6.21 A-D).

The apical epibasai cell ultimately gives rise to the sporophytic branch system (aerial
and underground), while the lower hypobasal cell produces the foot. This type of
embryogeny where the shoot forming apical cell is directed outward (towards the neck of
the archegonium) is called exoscopic mode of embryo development.

The foot anchors the young sporophyte securely to the gametophyte and absorbs nutrients
until the sporophyte becomes pysiologically independent.

Occurrence and Distribution of Lycopodium:

Lycopodium is popularly called the club moss. Among the genera of the family it
enjoys widest distribution though its preference is to tropical and sub-tropical forests. It is
not uncommon to find Lycopodium growing in arctic and temperate regions.
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The genus consists of about 180 species of which 33 are found in India. Some of the
common Indian species are L. phtegmaria, (Fig.31). L. wightianum, (Fig.32) L. hamiltonii, L.
lucidulum etc. Most of the species of Lycopodium prefer to grow in cool moist humus rich
soil. Sorrie of them like L. phlegmaria are epiphytes growing in the humus packets of trees.

L or L

External Morphology of Lycopodium:

The herbaceous plant body is sporophytic. Usually they may have either prostrate
stem with erect leafy branches or weak pendent stem (epiphytes).

The plant body is distinctly differentiated into following three regions (Fig. 1 A-C):
(i) Stem,

(ii) Roots, and

(iii) Leaves.

(i) Stem:

In the sub-genus Urostachya stem is erect (terrestrial) or pendent (epiphytic) and
may be branched (dichotomously) or unbranched. In the sub-genus Rhopalostachya the
stem is prostrate with erect branches. First the branching is dichotomous and later on
becomes monopodial.

(ii) Root:

Usually small, adventitious roots are present. In the sub-genus Urostachya roots
originate only from the base of the stem (not arising from the whole length of the stem). In
some species e.g., L. selago etc. the roots arise endogenously from pericycle of the stem, do
not penetrate the cortex of the stem but turn downward through the cortex and finally
emerge only at the base of the stem.

Due to this reason a T. S. of stem usually shows roots within the cortex and are known as
cortical roots (inner roots). In sub-genus Rhopalostachya also roots are adventitious and
arise all along the underside of the prostrate portion of the stem.

(iii) Leaves:

Leaves are simple, sessile, small in size, eligulate and possess a single unbranched
midrib and are known as microphylls. Usually the leaves are spirally arranged (e.g., L.
clavatum) but may be arranged in whorls (e.g., L. cernuum) or pairs (e.g., L. alpinum).
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Fig. 1 (A—C). Lycopodium. Sporophyte with strobill : A. L. cernuum
(terrestrial), B. L. c/lavatum (terrestrial), C. L. phlegmaria (epiphytic)

Internal Structure of Lycopodium:
(a) Stem:
A transverse section (T.S.) of the stem of Lycopodium is somewhat circular in outline
and can be differentiated into following three regions:
1. Epidermis:

[tis the outermost covering layer comprising of single cell in thickness. The epidermis
is cutinised on the outer side and interrupted at places by the presence of stomata.
2. Cortex:

Inner to the epidermis is present a wide zone of cortex which shows a great variation
in its structure in different species.
Usually four types of cortex are recognized:

(i) The whole of the cortex is made up of parenchymatous cells with small or large
intercellular spaces (e.g., L. selago). Such cortex is called homogeneous.



A
Fig. 2 (A-B). Lycopodium : T. S. of Stem A. L. clavatum, B. L. cemuum

[t is made up of only primary xylem and primary phloem. It is a protostele i.e., pith is
absent and the stele is situated in the centre. The arrangement of xylem and phloem tissues
is different in different species and the stele is also named differently.

In case of L. serratum, L. phlegmaria etc. the xylem is star shaped with a protoxylem
situated at the periphery (protoxylem exarch Fig. 3 A). In L. annotinum in actinostele the
furrows in the xylem are much more and show stellate arrangement (Fig. 3B).

The phloem lays in the space between the xylem rays. This type of stele is known as
actinostele. In case of L. clavatum. L. volubile etc. xylem appears to be in the form of separate
plates arranged somewhat parallel, with phloem in between them.

This type of stele is known as plectostele (Fig. 2 A, 3 C). In case of L. cernuum, L.
drummondii etc. xylem and phloem are uniformly distributed i.e. it appears as if strands of
xylem are embedded in the phloem. This type of stele is known as mixed protostele (Fig. 2 B,
3 D).

xylem phloem xylem phioem xylem

Fig. 3 (A-D). Lycopodium : Various types of steles in stem : A. Actinostele,
B. Stellate shaped, C. Plectostele, D. Mixed protostele

The protoxylem is usually exarch in all the cases. Xylem is usually composed of
tracheids and phloem of sieve tubes and phloem parenchyma. Cambium is absent hence
there is no secondary growth i.e., no formation of secondary xylem and secondary phloem.
(b) Root:

The roots are adventitious.

A transverse section (T.S.) of the aerial root of Lycopodium is somewhat circular in
outline and shows the following internal structure:
(i) Epidermis:
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[t is the outermost covering layer and is only one cell thick. The cells are thin walled.
Epidermis is provided with numerous root hairs present in pairs (characteristic of
Lycopodium).

(ii) Cortex:

Just below the epidermis is present a wide zone of cortex. It is differentiated into
outer sclerenchyma and inner parenchyma. The outer one gives the mechanical strength to
the root.

g
§

Fig. 4 (A-B). Lycopodium . T. S. root : A. Aerial root, B, Cort

(iii) Stars:

It may be di-, tetra-, or polyarch. In prostrate species it is polyarch i.e., having 6-10
plates of xylem arranged radially (star shaped). The xylem is exarch. The phloem is present
between the radiating arms of xylem. In erect or pendent species stele is diarch or tetrarch.
In L.selago, L. serratum it is diarch and xylem is C, U or crescent shaped. The phloem is
present between the 2 ends of xylem, only in one group.

The cortical roots are exactly similar in their internal structure to that of aerial roots,
except that the epidermis and root hairs are absent.

The xylem is composed of tracheid and phloem of sieve tubes and phloem parenchyma. The
endodermis and pericycle are indistinct structure at maturity. Pith and cambium are absent.
(c) Leaf:

T. S. of the leaf shows epidermis, mesophyll tissue and a single median vascular
bundle:

1. Epidermis:

[t is the outermost surrounding layer and is only one cell in thickness. The cells of
epidermis are parenchymatous and cutinised on their outer side. The epidermis is also
interrupted by the presence of stomata. In homophyllous (isophyllous) species the stomata
are present on outer as well as inner epidermis (amphistomatic) but in heterophyllous
(anisophyllous) species the stomata are mostly restricted on the lower epidermis
(hypostomatic).
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Fig. 5. (A-C). Lycopodium : (A) A leaf, (B) Transverse section or vertical section
(T.S. or V.S.) of leaf, (C) stomata on leaf surface.

2. Mesophyll:

[t occupies a wide zone between the epidermis and the vascular bundle. It is usually
made up of thin walled chlorenchymatous cells which may be with or without intercellular
spaces.

3. Vascular bundle:

In the centre of the leaf is situated only a single concentric vascular bundle made up
of only xylem and phloem. The vascular bundle is surrounded on all sides by a
sclerenchymatous sheath.

Reproduction in Lycopodium:

Lycopodium reproduces by two methods vegetatively and by spores.
1. Vegetative reproduction:

It takes place by the following methods:

(i) Gemmae or bulbils:

In a few species like L. selago, L. lucidulum etc. certain buds like structures known as
gemmae or bulbils are usually produced in large number on new stem tips annually. The
morphological nature of gemmae is still not fully known. The gemmae when fall on ground,
develop root primodia and soon form the root.

Fig. 6 (A-C) Lycopodium : Vegatative reproduction :
(A) Stem bearing gemma, (B) A gemma, (C) A germinating gemma.

(ii) Death and decay:
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Species with creeping stem reproduces vegetatively by the death and decay of older
parts of the stem up to the point of branching. This separates the branches which later on
grow independently.

(iii) Resting buds:

In L. inundatum the whole of the plant body except the growing tip of rhizome is dead
during winter. This tip portion of the rhizome acts as resting bud which in the coming spring
resumes growth and develops into a new plant.

(iv) Fragmentation:

In several epiphytic species fragments of the plant body are capable of giving rise to
new plants.

2. Sexual Reproduction:
Spore Producing Organs:

Lycopodium is a sporophytic plant and reproduces sexually. The plants are
homosporous i.e., produces only one type of spores (without differentiation of mega- and
microspores). These spores are produced in sporangia which, in turn, are produced on fertile
leaves known as sporophylls. Usually the sporophylls are grouped together to form a
compact structure known as strobili (Sing. strobilus) which are terminal structures (Fig. 1
A).

Strobilus (Reproductive organ):

In the primitive species of the sub-genus Urostachya every leaf on the plant is a
sporophyll or at least potentially so and the fertile and sterile zones alternate. The
sporophylls are loosely arranged. In species of Rhopalostachya and in some species of
Urostachya the leaves of the apical portion of the branches only bear sporangia and are called
sporophylls. The rest behave as vegetative leaves.

The sporophylls may be of the same size or of different size from the foliage leaves in
different species. The arrangement of sporophylls is same on the central axis as that of the
vegetative leaves on the stem i.e., spiral, whorled or decussate etc.
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Fig. 15. L : of life cycle

Occurrence and Distribution of Selaginella:

Selaginella is commonly called the spike moss. It includes over seven hundred species
and reported practically from all parts of the world. Majority of the species occur in tropical
rain forests and form a characteristic undergrowth on the ground in humid shady habitats.
The temperate species grow on the shady sides of the hills.



A few members are xerophytic e.g. S. lepidophylla and S. rupestris. These grow on dry
rocky cliffs or on soils that are sandy and periodically become dry. Some of the members (e.g
S. oregana) are epiphytic.

About seventy species of Selaginella have been reported from India. Some of the
common species are S. chrysocaulos, S. pallidissma, S. rupestris, S. kraussiana etc. Panigrahi
and Chowdhuri (1962) have done considerable amount of work on the distribution of
Selaginella in India.

Sporophyte of Selaginella:
Habit:

Species of Selaginella are diverse in their habit. The plant body may be creeping (S.
kraussiana Fig.59) Sub erect (S. trachyphylla) or erect (S. erythropus). S. alligaus is a climber.
In size also there is a great amount of variation ranging from few centimeters (S.
selaginoides) to several meters (S. willdenovii, S. pentagona etc.)

Some xerophytic species are capable of withstanding extreme periods of drought. During
unfavourable season they role up into a ball and open up during favourable season into a
normal plant. These are called resurrection plants.
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Fig. 59. Selag:inella : Habit of §. kraussiana

Morphology of the Plant:

The stem is soft, herbaceous and branched. It is prostrate (heterophyllum) erect or
sub-erect (homeophyllum). The branching may be dichotomous or lateral. On the stem are
found the leaves which are small measuring a few mm in size. The arrangement of the leaves
is spiral in the section Homeophyllum. In Heterophyllum the dimorphic leaves are arranged
in four longitudinal rows.

Of these, two rows comprise smaller leaves and opposite to them lie two rows of
larger leaves. The leaves are simple and lanceolate to oval in shape. In all the species the
leaves on their adaxial surface bear a membranous outgrowth - the ligule. The ligule has a
basal region called the glassopodium which is placed in a depression called the ligular pit.

The ligule may be tongue shaped, fan shaped or lobed. A ligule arises from the leaf
surface quite early in the ontogeny. The function of the ligule is not well understood. It may
be a secretory structure secreting water or mucilage.
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Internal Structure:
1. Stem:

A transverse section (Fig.61) of the stem shows three main regions namely epidermis,

cortex and stele. Epidermis is single layered. The cells are closely packed and there are no
stomata.

Cortical Cell
Pericycle
Trabeculae Endodermal
(Endodermis) Initial
Protoxylem Pericycle cells
Air Cavity

Fig. 61. Selaginella : Internal Structure of Stem
A. Ground Plan, B. A Scctor enlarged, C. Development of Trabeculae (early stages);
Note the normal endodermal cells

There is some amount of variation in the composition of cortex. [t may be wholly
parenchymatous as in the stems of some delicate species (S.flabellate) or partially
sclerenchymatous with the hypodermal region is occupied by sclerenchyma (S. kraussiana).
In some xerophytic species like S. rupestris and S. lepidophylla the cortex is mostly
sclerenchymatous.

The stele is protostelic, it has an outermost endodermis followed by pericycle and
vascular tissues. The endodermis in Selaginella is rather peculiar. It is called trabecular
because of the radially elongated nature. In some species such as S. rupestris and S.

lepidophylla, the endodermis is normal as in other plants. Butin a majority of the species the
endodermal cells get detached laterally.
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At that time a lacuna is formed between the cortex and the stele due to the rapid
enlargement of the inner cortical cells than the vascular tissue. The endodermal cells are
stretched radially to keep contact between the stele and the cortex. Sometimes these
trabeculae (endodermal cells) undergo transverse divisions to form short filaments. In spite
of the radial elongation casparian thickenings are clearly noticeable.

The stele shows considerable among of diversity in different species of Selaginella.
Usually the stem is traversed by a single stele which is flattened like a ribbon. In some species
(S. kraussiana), the stem has more than one independent stele (poly-stele). Sometimes as
many as sixteen steles have been recognized running parallelly in the stem. At the region of
the branching however all steles converge to give a monostelic appearance.

2. Root:

A root in a transverse section (Fig.62) reveals an epidermis, cortex and stele. The
epidermis is made up of a single layer of cells. Some of the cells give rise to root hairs. There
is variation in the composition of the cortex.

In S. willdenovii, the cortex consists of a few layers of hypodermal sclerenchyma, the rest
being parenchymatous. In S. densa the entire cortex is thick walled. It is also possible that in
some species the cortex may be wholly parenchymatous.

Epidermis

Sclerenchyma

Endodermis
Phiocem

Metaxylem

Protoxylem

Fig. 62. Selaginella : Internal Structure of Root
A. Ground Plan, B. A Secior enlarged
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The stele is protostelic with monarch and exarch xylem. Surrounding the xylem is the
phloem. The pericycle is one to three layered. The endodermis may or may not be well
defined. In S. densa and some other species there is a well-developed endodermis. The
endodermis may or may not show the trabecular nature. According to Webster and Steves
(1963), trabeculae of the root are not endodermal, instead they represent the inner cortical
cells.

3. Rhizophore:

There is a close similarity between the root and the rhizophore in the anatomy. The
rhizophore is always monostelic irrespective of the fact whether the stem is polystelic or
monostelic. The stele is always a protostele with some variations in the architecture of xylem.
The xylem is usually monarch and exarch.

Epidermis
Sclerenchyma
Cortex

Protostele

Metaxylem

N

*Protoxylem

Fig. 63. Selaginella : Intemal Structure of Rhizophore
A. Ground Plan, B. A Sector enlarged

4. Leaf:

Internally the leaf shows epidermis, mesophyll, and a vascular bundle. The upper and
lower epidermis are made up of a single layer of cells. The leaves may be hypostomatic or
amphistomatic. The mesophyll is usually undifferentiated being composed of isodiametric
cells with intercellular spaces. In S. concinna there is a distinct palisade parenchyma below
the upper epidermis.

The mesophyll cells contain a variable number of chloroplasts. In S. willdenovii there
are two and in S. martensii there is a single cup shaped chloroplast the chloroplast structure
reveals the presence of many pyrenoid like bodies.
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This type of chloroplast with a pyrenoid is something unusual and recalls the features seen
in Anthocerotales and green algae. The vascular bundle is concentric having a central xylem
surrounded by the phloem.

Undifferentiated

Air cavit
¥ . Mesophyll

Upper Epidermis

Vascular Bundle Lower Epidermis

Fig. 64. Selaginella : T.S. of Leal

5. Ligule:

Anatomically the- ligule shows many thin walled cells with highly vacuolated
protoplasts in the glossopodium. The glossopodium is surrounded by a sheath called the
glossopodial sheath.

S. kraussiana and S. rupestris the sheath cells show casparian strips possibly
indicating their endodermal nature. Above the glossopodium, the ligule narrows down and
is extended into a long process. The cells at this region are polygonal and filled with dense
cytoplasm.

Glossopodial
sheath

Fig. 65. Selaginella : A Ligule enlarged
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Reproduction:

The sporophyte reproduces by vegetative propagation as well as by spore production.
(1) Vegetative Propagation:
This takes place by the following methods:
(i) Fragmentation:
This is seen in species like S. rupestris which grow under humid conditions. Here the trailing
branches of the stem develop adventitious branches, sever their connection from the mother
plant and develop into new individuals.
(ii) Tubers:
These may be underground or aerial. In S. chrysorrhizos they are formed at tips of the
underground branches that arise from the stem. In S. chrysocaulos the tubers are formed at
the tips of ordinary vegetative branches.

Segment cut off
by the Apical cell

Fig. 67. Selaginella : Plant Body of S. Chrysorrhizos with Tubers
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Fig. 67. Selaginella : Plant Body of S. Chrysorrhizos with Tubers

(2) Spore Bearing Organs:

The spore bearing organs viz., the sporophylls are aggregated into strobili, at the tips
of the branches. Selaginella is heterosporus and usually in the strobili both megasporophylls
and micro-sporophylls are formed (S. kraussiana). But in species like S. grassilis each
strobilus has only one type of a sporophyll.

Even when the strobilus consists of two types of sporophylls there is considerable
variety in their distribution. In S. orgena, one side of the strobilus has micro-sporophylls and
the other side megasporophylls. In S. kraussiana there is a single megasporophyll at the base
and the rest are micro-sporophylls. In some instances the tip of the strobilus may continue
to grow and produce a vegetative shoot (Fig. 69).
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Veqetative part

Strobilar part

Fig. 69. Selaginella : Apex of Stzobilus Growing into a Vegetative Shoot

Quansah and Thomas (1985) have studied the strobilus morphology in 14 West
African and 20 South American species of Selaginella. According to them vertical/oblique
projections occur on the adaxial surface of the sporophylls and these are given the name

‘sporophyll-pterix’

A long section of the strobilus (Fig.70) shows a central axis on which are spirally
arranged sporophylls. Each sporophyll bears a single stalked sporangium arising in its axil

or a little above.
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Fig. 70. Selaginella : L.S. of Strobilus (megasporangia at the base
and microsporangia at the top)

There are two types of sporangia, namely, mega-sporangia and microsporangia. The
mega-sporangia have less number of larger spores which develop into female gametophytes,
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whereas the microsporangia have large number of smaller spores which develop into male

gametophytes.

Fertilization:

Strobilar axis

Microsporangium
Microspores
Microsporophyll
Ligule
Meogasporangium

Megasporophyll

PR
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Fig. 71. Selaginelia : L.S. of Strobili showing variety in Sporangial Arrangement
A. S. kraussiana, B. S. inaequalifolia
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Fig. 72. Selaginella ; L.S. of Strobili show g variety in Sg
A.S. rupestris, B. S, martensii

gial Arrang (contd.)

The mature archegonia are embedded in the gametophytic tissue. The ventral canal
cell and the neck canal cell degenerate leaving only the egg. Fertilization may take place when
the mega-gametophytes are on the soil or when they are still within the mega-sporangia. The
antherozoids swim in a thin film of moisture and fertilize the egg.

Embryogeny:

The first division of the zygote is transverse. This results in the formation of an upper
epibasal cell and a lower hypo-basal cell. The entire epibasal cell develops into a suspensor.
The hypo-basal cell contributes to all the parts of the embryo. Embryogeny is thus said to be
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endoscopic.Further development varies in different species. In S. martensii, the hypo-basal
cell gives rise to stem apex, cotyledon, foot and root. The epibasal cell forms several cells all
of which form a long suspensor pushing the developing embryo deep into the gametophyte.
The hypo-basal cell divides vertically followed by another vertical division to form a
quadrant of cells.
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UNIT IV



What are Gymnosperms?
The word “Gymnosperm” comes from the Greek words “gymnos”(naked) and “sperma”(seed),
hence known as “Naked seeds.” Gymnosperms are the seed-producing plants, but unlike
angiosperms, they produce seeds without fruits. These plants develop on the surface of scales or
leaves, or at the end of stalks forming a cone-like structure.Gymnosperms belong to kingdom
‘Plantae‘ and sub-kingdom ‘Embryophyta’. The fossil evidence suggested that they originated
during the Paleozoic era, about 390 million years ago.Basically, gymnosperms are plants in which
the ovules are not enclosed within the ovary wall, unlike the angiosperms. It remains exposed
before and after fertilisation, and before developing into a seed. The stem of gymnosperms can be
branched or unbranched. The thick cuticle, needle-like leaves, and sunken stomata reduce the rate
of water loss in these plants.
The family of gymnosperms consist of conifers, the cycads, the gnetophytes, and the species of
Gynkgophyta division and Ginkgo biloba.
Let us have an overview of the characteristics, examples, classification and examples of
gymnosperms.
Characteristics of Gymnosperms:
Following are the important characteristics of gymnosperms:

1. They do not produce flowers.
Seeds are not formed inside a fruit. They are naked.
They are found in colder regions where snowfall occurs.
They develop needle-like leaves.
They are perennial or woody, forming trees or bushes.
They are not differentiated into ovary, style and stigma.
Since stigma is absent, they are pollinated directly by the wind.
The male gametophytes produce two gametes, but only one of them is functional.
They form cones with reproductive structures.
10 The seeds contain endosperm that stores food for the growth and development of the plant.
11. These plants have vascular tissues which help in the transportation of nutrients and water.
12. Xylem does not have vessels, and the phloem has no companion cells and sieve tubes.

CoNORWN

Classification of Gymnosperms by K.R. Sporne (1965)
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CLASS OLASS CLASS
Cycadopsida Coniferopsida Gnetopsida
ORDER ORDER ORDER
Q Pteridospermales Q Cordaitales O Gnetales

O Bennettitales O Coniferales
O Pentoxylales 3 Taxales

QO Cycadales 3 Ginkgoales
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Cycas is a palm-like, evergreen plant (Fig. 8.8). Prior to the anatomical studies of the stem
of Cycas revoluta by Brongniart (1829), the Cycas was actually considered a palm. The plant
body consists of a columnar aerial trunk with a crown of pinnately compound leaves as its top.
Roots in Cycas are of two types, i.e., normal tap roots forming a tap root system, and coralloid
roots. Normal tap-roots are positively geotropic, grow deep into the soil and generally possess no
root hairs. Their function is to fix the plant in the soil and to absorb water and other minerals.
From the normal roots develop some lateral branches near the ground surface. These lateral roots
get infected with some bacteria, fungi and algae, and are called coralloid roots (Fig. 8.9). They
grow- first horizontally in the soil and become swollen at their tips.

They divide repeatedly to form big bunches of greenish or brownish structures, which are coral
like in appearance. They divide dichotomously, come out of the soil on the ground surface and are
phototrophic in nature. Young plants bear more coralloid roots than the older ones.

Fig. 8.9. Cycas A bunch of coralloid roots

Recently, Pant and Das (1990) reported non-coralloid aerial roots in Cycas circinalis, C. revoluta
and C. rumphii. The charactenstic algal zone of coralloid roots is absent in these roots. These are
positively geotropic, adventitious and develop from the lower sides of leaf bases or bulbils when
they are still attached to the plant.

Stem:

The stem is thick, woody and usually un-branched. It is tuberous when young but columnar, erect
and stout at maturity. Branching in stem (Fig. 8.10) is also not rare after the plants have reached a
certain age. The aerial part of the trunk remains covered by a thick armour of large and small
rhomboidai leaf bases.

These occur regularly in alternate bands (Fig. 8 .11). The larger leaf bases represent the bases of
foliage leaves, while the smaller ones are the bases of scaly leaves in male plants and scales and
megasporophylls in female plants. The age of the plant can be calculated by counting the number
of crowns of leaves and megasporophylls which are produced every year.
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Among all Cycas species, C. media is tallest, attaining a height up to 20 metres. Regarding the age
of Cycas, the plants can survive for a long period. C. circinalis, if allowed to grow undisturbed,
may attain an age of 100 years or even more.

Leaves:

Two types of leaves are present in Cycas. These are green, assimilatory ox foliage leaves, and
scaly leaves or cataphylis.

1. Foliage Leaves or Assimilatory Fronds:

These are green, large, pinnately compound and stout leaves with a spiny petiole and large, strong
rachis. They are produced at the apex of the stem in the form of crown. The rachis bears many
leaflets.

With the help of a transversely expanded rhomboidai leaf base, a leaf remains attached with the
stem Two rows of strong and stiff spines are present on the petiole. These spines gradually
transform into two rows of pinnae towards the upper side of the leaf (Fig. 8.12).

Pant (1953) reported many abnormalities in Cycas leaves. Author, along with two of his
colleagues, also reported many abnormalities in the vegetative parts of an year-old plant of Cycas
circinalis growing in the Botanical Garden of Meerut College, Meerut.

Cycas leaf is very large and may reach up to 3 metres in length in some species such as C. thouarsii.
Two rows of pinnae on the leaves may be alternate or opposite. The number of pinnae varies in
different species. As many as hundred pairs of pinnae may be present in a mature leaf.

Each pinna is sessile, elongated, ovate or lanceolate in shape with a spiny or acute apex. Pinnae
are repeatedly and deeply dichotomized in C. micholitzii (Fig. 8.13). Each pinna or of leaflet
contains a midrib without any lateral branching.

Forking of the midvein of the leaflet has been reported in C. circinalis by author in 1976. Margins
of the leaflets are revolute in C. revoluta and C. beddomei, while in C. rumphii and C. circinalis
they are flat.

2. Scaly Leaves or Cataphylls:

These are dry, brown-coloured, somewhat triangular leaves with their one end pointed. They are
present at the apex of the stem and remain covered with several ramental hairs (Fig. 8.15).



https://cdn.biologydiscussion.com/wp-content/uploads/2016/02/clip_image010-70.jpg

3. Anatomy of Vegetative Parts of Cycas:

(i) Normal Root (Young):

It is circular in outline and resembles structurally with dicotyledons (Fig. 8.16). Outermost layer
is epiblema or exodermis, which surrounds the large parenchymatous cortex. Epiblema consists of
tangentially elongated cells. From some of its cells arise root hairs.
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starch
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Fig. 8.16. Cycas revoluta T.S. normal root ( Young)

e pericycle cells also become meristematic and form a complete cambial ring.

The secondary xylem consists of radial rows of tracheids separated by parenchymatous cells. The
crushed primary phloem is present in the form of dark streaks outside the secondary phloem. The
secondary xylem is manoxvlic and contains many multiseriate rays.

Periderm starts to develop in the cortex of old roots. Some of the cells of the outermost cortical
region start to become meristematic and function as cork cambium. It cuts cork towards outer side
and secondary cortex towards inner side. Cork cells are dead and remain filled with subenn. Cycas
roots often show two layers of periderm (Fig. 8.17).

Epiblema is ruptured and there are no root hairs in the older roots.

(iii) Coralloid Root:

Anatomically, the coralloid roots (Fig. 8.18) resemble normal roots except some under
mentioned differences:

1. The secondary vascular tissue in coralloid roots is either totally absent or poorly-developed.

2. The cortex is wider in comparison with the normal root.

3. Presence of a greenish algal-zone in the middle of the cortex. But according to Chaudhary and
Akhtar (1931) the algal-zone is not of universal occurrence in the coralloid roots of Cycas. It may
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be absent in such coralloid roots which go very deep in the soil. According to these workers only
those coralloid roots are negatively geotropic which are infected by algal members.

Algal-zone consists of radially elongated, large, thin-walled cells having large intercellular spaces
occupied by algae. Life (1901) opined that these spaces are formed because of the retardation of
growth of such cells which are already infected by fungi and bacteria.

Such infected cells cannot keep pace with the neighbouring cells, and a tension is produced which
results in the formation of air spaces by breaking of certain cells. These spaces are further widened
by the algal infection. But according to Chaudhary and Akhtar (1931) the alga is mainly
responsible for the formation of these large intercellular spaces.

Following members have been reported from the algal zone of coralloid roots:

Anabaena cycadae, Nostoc punctiforme, Oscillatoria, Azotobacter, Pseudomonas radicicola and
even a few fungi. According to Kubitzki (1990) blue green algae or Cyanoba cteria (Anabaena,
Nostoc and Calothrix) may rarely be present intracellularly (i.e. inside the cell) in the coralloid
roots of Cycas. He opined that these algae fix nitrogen and promote the growth of host plant.

Due to the presence of blue-green algal members and some nitrogen-fixing bacteria, the function
assigned to the coralloid roots is chiefly the nitrogen fixation. The presence and structure of
endodermis, pericycle and vascular bundles in the coralloid roots are similar to that of normal
roots. The xylem is exarch and triarch.

(iv) Stem:

Similar to root, the stem of Cycas also resembles internally with a dicotyledonous stem.

(v) Leaf Traces:

The leaf traces remain scattered in the cortical region of the stem and constitute the vascular supply
to the leaves from the main vascular cylinder. Normally, there are four leaf traces which form the
vascular supply to the leaf. Two of these are direct traces, while the remaining two axe girdle traces
(Fig. 8.23).

The direct traces originate from the vascular cylinder lying in front of the leaf base while the girdle
traces develop from the vascular cylinder lying opposite to that of direct traces. They proceed
together and curve soon in opposite directions, and by girdling round the vascular cylinder they
enter in the leaf base.

In the cortical region the girdle traces also remain connected with other leaf traces. At the time of
their entrance in the petiole, the leaf trace bundles subdivide and form many petiole bundles. Such
type of unique girdle traces of Cycas, which also occur in Magnoliaceae. show a close relationship
of Cycadales of Gymnosperms and Magnoliaceae of dicotyledons.

(vi) Secondary Growth:

It is similar to that of dicotyledons. In the beginning, Cycas is monoxylic, i.e. contains a single
ring of vascular bundles. But one or more concentric rings of vascular bundles appear outside the
primary ring of bundles in the older stems showing polyxylic condition (Fig. 8.24)

(vii) Rachis:

The outline of transverse section is rhomboidal in the basal region of the rachis, biconvex in the
middle cambium and roughly cylindrical at the tip region or at the apex of the rachis. Two arms of
the bases of leaflets are present on the rachis, one on each side (Fig. 8.25).
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Fig. 8.25. Cycas. T.S. rachis (diagrammatic).

(a) Vascular Bundles At the Base of Rachis:

Only the centrifugal xylem is well-developed in the vascular bundles (Fig. 8.27A). Its protoxylem
faces towards the centre showing endarch condition. Centripetal xylem is not developed.

(b) Vascular Bundles In the Middle of Rachis:

Both centripetal as well as centrifugal xylem are present showing diploxylic condition (Fig.
8.27B). Centripetal xylem is present just opposite to the protoxylem of the centrifugal xylem.

(c) Vascular Bundles At the Apex of Rachis:

Centripetal xylem is well-developed, triangular and exarch (Fig. 8.27C). Centrifugal xylem is
much reduced and present in the form of two patches lying one on each side of the protoxylem
elements of centripetal xylem. Centrifugal xylem is totally absent at the extreme tip of the rachis.

(viii) Leaflet:

Cycas leaflets are large, tough, thick and leathery. In a vertical section the leaflet is differentiated
into a swollen midrib portion and two lateral wings (Figs. 8.28, 8.29). In C. revoluta and C.
beddomei the wings are curved downward or revoluted at the margins but in C. circinalis, C.
rumphii, C. pectinata and C. siamensis the margins are flat.

4. Reproduction in Cycas:

(i) Vegetative Reproduction:

The most common method of vegetative propagation in Cycas is by bulbils. The bulbils develop
from the axil of the scaly leaves. They are more or less oval structures with a broad base narrowing
towards the apex. Several scaly leaves are arranged spirally and compactly over a dormant stem
in a bulbil (Fig. 8.30).

On detachment from the stem, a bulbil starts germination by producing many roots towards the
lower side and a leaf towards the upper side. A bulbil from male plant will develop only into the
male plant, while from the female plant will form only the female plant because Cycas is a strictly
dioecious plant.
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(i1) Sexual Reproduction:

Cycas is strictly dioecious, i.e. male and female sex organs are borne on separate plants. After
several years of vegetative growth the plants start to form sex organs. Generally, Cycads of more
than 10 years of age produce the sex organs.

The male plants develop male cones or male strobili bearing microsporophyll’s, while the female
plants produce a loose collection of megasporophylls. The male cone is terminal while the
megasporophylls are produced in succession with the leaves at the top of the stem.

Male Reproductive Structures:

1. Male Cone:

The male cone (Fig. 8.31) or male strobilus is a large, conical or ovoid, compact, solitary and
shortly-stalked structure, which is generally terminal in position. It sometimes attains a length of
as much as 1.5 metre. In the centre of the cone is present a cone axis (Fig. 8.32).

Several perpendicularly attached microsporophyll’s are arranged around the cone axis in closely
set spirals. At the base of male cone are present many young leaves. All the microsporophyll’s in
a male cone are fertile except a few at its basal anq apical parts.

-
¥

v'
o
T

s

/;,'f:" 5T

s

Fig. 8.31. Cycas A single male cone.
Pinus::
1. Pinus is a large, perennial, evergreen plant.
2. Branches grow spirally and thus the plant gives the appearance of a conical or pyramidal
structure.
3. Sporophytic plant body is differentiated into roots, stem and acicular (needle-like) leaves (Fig.
26).

Fig. 26. Pinus gorardiana. A, Brancth of o mature plant beanng male and fermale cones;
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4. A tap root with few root hair is present but it disappears soon. Later on many lateral roots
develop, which help in absorption and fixation.

5. The ultimate branches of these roots are covered by a covering of fungal hyphae called
ectotrophic mycorrhiza.

6. The stem is cylindrical and erect, and remains covered with bark. Branching is monopodial.

7. Two types of branches are present: long shoots and dwarf shoots. These are also known as
branches of unlimited and limited growth, respectively.

8. Long shoots contain apical bud and grow indefinitely. Many scaly leaves are present on the long
shoot.

9. Dwarf shoots are devoid of any apical bud and thus are limited in their growth. They arise on
the long shoot in the axil of scaly leaves.

10. A dwarf shoot (Fig. 27) has two scaly leaves called prophylls, followed by 5-13 cataphylls
arranged in 2/5 phyllotaxy, and 1-5 needles.

Anatomy of Different Parts of Pinus:

Cut thin sections of different parts of the plant (Young root, old root, young long shoot, old long
shoot, T.L.S. wood, R.L.S. wood, young dwarf shoot, old dwarf shoot and needle), stain them
separately in a safranin-fast green combination, mount in glycerine and study. Also compare your
preparations with the permanent slides shown to you in the laboratory.

2. Outermost single-layered, thick-walled epidermis is heavily cuticularized and followed by
multilayered cortex.

3. A few outer layers of cortex are sclerenchymatous, and some inner layers are parenchymatous.
4. In the inner layers of cortex are present many resin canals.

5. The stele is eustelic or polyfascicular endarch siphonostele.

6. Vascular bundles are conjoint, collateral, open and endarch, and resemble greatly with that of a
dicot stem. 5-10 vascular bundles are arranged in a ring.

7. Endodermis and pericycle are indistinguishable.

8. Narrow xylem rays connect the cortex and pith.

9. Endarch xylem consists of only tracheids.

10. Phloem is present on the ventral side and consists of sieve cells, sieve plates, phloem
parenchyma and some albuminous cells.

11. Intrafascicular cambium is present in between the xylem and phloem.

12. Many leaf traces are also present.

13. A small parenchymatous pith is present in the centre of stem.

Radial Longitudinal Section (R.L.S.) of Wood:

In R.L.S., the stem is cut along the radius, and so the pith is also visible.

Following other details are visible:

. Itis bounded externally by cork, cork cambium, secondary phloem and crushed primary phloem.
. Bordered pits surrounded by bars of Sanio in tracheids are seen in surface view.

. Uniseriate medullary rays run horizontally.

. In the xylem region thick medullary ray cells are surrounded by ray tracheids (Fig. 34).
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. Thin-walled ray parenchyma is also present.

. Xylem is separated from phloem with the help of cambium.

. Albuminous cells are present in medullary ray in the phloem region.
. Phloem consists of sieve tubes, sieve plates and phloem parenchyma.
. Pith is present.
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Male Cone:

Separate a male cone from the cluster, study its structure, cut its longitudinal section, study the
structure of a single microsporophyll, and also prepare a slide of pollen grains and study.

1. The male cones develop in clusters (Fig. 39) in the axil of scaly leaves on long shoot.

2. They replace the dwarf shoots of the long shoot.
3. Each male cone is ovoid in shape and ranges from 1.5 to 2.5 cm. in length (Fig. 40).

S
2

Fig. 40. Pinus wallichiana. A, A cluster of male cones; B, A single male cone.

4. A male cone (Fig. 41) consists of a large number of microsporophylls arranged spirally on the
cone axis.

5. Each microsporophyll is small, membranous, brown-coloured structure.

6. A microsporophyll (Fig. 41) is comparable with the stamen of the flower of angiosperms
because it consists of a stalk (=filament) with a terminal leafy expansion (= anther), the tip of
which is projected upwards and called apophysis.

7. Two pouch-like microsporangia (= pollen sacs) are present on the abaxial or undersurface of
each microsporophyll. In each microsporangium are present many microspores (= pollen grains).
8. Each microspore or pollen grain is a rounded and yellow-coloured, light, uninucleate structure
with two outer coverings, i.e., thick outer exine and thin inner intine (Fig. 42).

9. The exine protrudes out on two sides in the form of two balloon-shaped wings. Wings help in
floating and dispersal of pollen grains.

10. Wings help in floating and dispersal of pollen grains.

11. A few microsporophylls of lower side of cone are sterile. Sporangia are also not present on the
adaxial surface of each microsporophyll of the male cone.

Female cone:

Observe the external features and longitudinal section of a young female cone and also study 1st
year, 2nd year and 3rd year female cones.

1. Female cone develops either solitary or in groups of 2 to 4.

2. They also develop in the axil of scaly leaves on long shoots (Fig. 43) like male cones.

3. Each female cone is an ovoid, structure when young but becomes elongated or cylindrical
atmaturity.

GNETALES
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Gnetales comprise three extant genera (Ephedra, Gnetum, Welwitschia) that are morphologically
very distinct. The phylogenetic position ot the group is uncertain. It was sometimes placed close
to the angiosperms, but has recently been associated with the
conifers. Ephedra and Gnetum include trees, shrubs, vines and climbers with proliferate branching
and decussate or whorled phyllotaxis. Welwitschia is unusual in having a very condensed,
unbranched stem and two persistent leaves that grow for the entire life of the plant. The plants are
mostly dioecious, rarely monoecious. The ovules and microsporophylls are terminal borne in small
compound, unisexual cones. The mature seeds are small to large. The microsporangia art-borne in
synangia. Ephedra is xerophytic and Welwitschia extreme xerophytic, while Gnetum is tropical
genus with a wider ecological range inhabiting moist to rather dry environments. The fossil history
of Gnetales is poorly known but Gnetales pollen occurs abundantly in Early Cretaceous sediments.
In the Yixian Formation remnants of Gnetales are relatively common and several taxa have been
described. Among these are Eragmsites cbangh and Liaoxia chenii (Fig. 241) that was assigned to
the extinct genus Ephedrites (Guo and Wu, 2000), and Chaoyangia liangii (Fig. 242) assigned to
the extinct genus Gurvanella (Sun et al., 2001). They are all closely similar to Ephedra in their
vegetative morphology, but some (e.g., Gurvanella) are distinguishable from Ephedrain the
ovulate structures.

Mitochondrial Genome Evolution

Linda Bonen, in Advances in Botanical Research, 2012

3.3.2 Plant-to-plant horizontal transfer of introns

There is an interesting case in the gymnosperm, Gnetum gnemonoides, where an extra copy
of nadl intron 2 and flanking exons is present in its mitochondrial genome and it appears to be of
a flowering plant (asterid) origin (Won & Renner, 2003). Similarly, in Hedychium coronarium,
a ginger family monocot, the fourth intron of nadl (containing matr) is present in two copies,
one trans-splicing (native) and the other cis-splicing (Hao, Richardson, Zheng, & Palmer, 2010).
The latter appears to be of eudicot origin, thus reflecting of eudicot-to-moncot gene transfer.
Moreover, comparisons of their matR sequences led to the conclusion that the foreign copy is
chimeric, having undergone subsequent gene conversion events. This illustrates the complex
evolutionary history that mobile introns may have, especially in highly recombinogenic genomes.
Are Vessels in Seed Plants Evolutionary Innovations to Similar Ecological Contexts?

Taylor S. Feild, in Vascular Transport in Plants, 2005

Extant Gnetalian Biology

Gnetales are comprised of three major lineages, with Ephedra at the base followed by a clade of
consisting of Welwitschia and Gnetum (Bowe et al., 2000; Chaw et al., 2000; Magallon and
Sanderson, 2002). Although molecular phylogenies draw Gnetales as a coherent group, the three
gnetalian lineages are wildly divergent in ecology and morphology (Gifford and Foster,
1989; Price, 1996).

Ephedra contains approximately 35 species of sun-loving and arid-adapted prostrate and profusely
branched shrubs as well as a few species occur as scandent (vinelike) shrubs (Price, 1996; Lev-
Yedan, 1999). Ephedra occurs in temperate dry and desert regions of Asia, Europe, northern
Africa, western North America, and South America. Photosynthetic stems are the primary sites of
carbon gain in many Ephedra species, but small scalelike leaves occur in a few species (Price,
1996).

Welwitschia, consisting of a single species, is also desert-dwelling, confined to dry, coastal deserts
(0O to 100 mm yr'rainfalll in Angola and Namibia (Henschel and Seely,
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2000). Welwitschia's growth habit is, with no exaggeration, unparalleled among all living plants.
It occurs as a short, woody, unbranched stem and a massive woody concave crown bearing two
huge strap-shaped leaves that function as the permanent photosynthetic organs and last potentially
for several centuries (Gifford and Foster, 1989).

Gnetum (35 species) inhabits a variety of humid, tropical lowland, riparian, and swamp rainforests
(> 1000 m above sea level) of South East Asia, Papua New Guinea, Fiji, the Americas (i.e., South
America and as far north as Costa Rica), and Africa (Croat, 1970; Markgraf,
1951, 1965, 1972). Gnetum bears remarkably angiosperm-like leaves, consisting of a broad,
entire-margined lamina with pinnate-reticulate venation and multiple vein orders (Arber and
Parkin, 1908; Markgraf, 1951; Rodin, 1966). The majority of Gnetum species are large woody
climbers, producing xylem from multiple cambia (Carlquist, 1996). Some Gnetum vines ascend
high into the canopies of dense riparian vegetation and lowland forest trees; other species occur as
low scramblers in open, fire-burnt pastures and disturbed forest edges (Markgraf,
1951, 1965, 1972; T S. Feild, unpublished field observations, 2002). Two Gnetum taxa (i.e., G.
gnemon, widespread in the Indo-Pacific; G. costatum, from eastern Papua New Guinea and the
Solomon Islands), that form sun-exposed medium-sized subcanopy trees in lowland rainforest and
riverine gallery forests (typically 7 to 15 m, as high as 20 m) (Markgraf, 1951) possess some
peculiar liana-like features. In addition to the occasional production of scandent branches, older
trees (stems > 15 cm diameter at breast height) of G. gnemon develop additional anomalous
cambia in the bark that are akin to multiple cambia of lianoid Gnetum species (Carlquist, 1996; T.
S. Feild and L. Balun, unpublished data, 2002). Interestingly, molecular phylogenetic analyses
indicate that tree-forming Gnetum species are well nested among Gnetum climbers, suggesting
that arborescence is secondarily derived (Won and Renner, 2003).

Evolution and Diversity of Woody and Seed Plants

Michael G. Simpson, in Plant Systematics (Third Edition), 2019
GNETALES—GNETOPHYTES

The Gnetales or gnetophytes, also referred to as the Gnetopsida or Gnetophyta, are an interesting
group containing three extant families: Ephedraceae (consisting solely of Ephedra, with ca. 40
species), Gnetaceae (consisting solely of Gnetum [including Vinkiella], with ca. 30 species), and
the Welwitschiaceae (monospecific, consisting of Welwitschia mirabilis). The Gnetales has often
been thought to be the sister group to the angiosperms, the two groups united by some obscure
features, possibly including whorled, somewhat “perianth-like” microsporophylls in structures that
may resemble flowers (see Chapter 6). However, as reviewed earlier, recent molecular studies
have placed the Gnetales within the conifers, sister either to the Pinopsida or to the Cupressopsida
(Figure 5.1).

The Gnetales are united by (among other things) the occurrence of (1) striate pollen (Figure
5.26A); and (2) vessels with porose (porelike) perforation plates (Figure 5.26B), as opposed to
scalariform (barlike) perforation plates in basal angiosperms (see Chapter 6). The vessels of
Gnetales were derived independently from those of angiosperms. The reproductive structures in
various Gnetales show some parallels to the flowers of angiosperms.

Species of Gnetum of the Gnetaceae are tropical vines (rarely trees or shrubs) with opposite
(decussate), simple leaves (Figure 5.27A), looking like an angiosperm but, of course, lacking true
flowers Welwitschia mirabilis of the Welwitschiaceae is a strange plant native to deserts of
Namibia in southwestern Africa. An underground caudex bears only two leaves (Figure 5.27B),
these becoming quite long and lacerated in old individuals. Male and seed cones are born on axes
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arising from the apex of the caudex (Figure 5.27C—G). Ephedra of the Ephedraceae is a rather
common desert shrub (Figure 5.28) and can be recognized by the photosynthetic, striate stems and
the very reduced scale-like leaves, only two or three per node. Pollen or seed cones may be found
in the axils of the leaves (Figure 5.24; see family description). See Kubitzki (1990a,b,c,d) for
information on the Gnetales.

Recently, the occurrence of a type of double fertilization was verified in species of the Gnetales.
Double fertilization in Ephedra entails the fusion of each of two sperm cells from a male
gametophyte with nuclei in the archegonium of the female gametophyte. One sperm fuses with the
egg nucleus and the other fuses with the ventral canal nucleus. In fact, the fusion product of sperm
and ventral canal cell may even divide a few times mitotically, resembling angiospermous
endosperm (Chapter 6), but this does not persist. Thus, double fertilization, which has long been
viewed as a defining characteristic of the angiosperms alone, was recently interpreted as a possible
apomorphy of the Gnetales and angiosperms together (formerly called the “Anthophytes™). This
notion is rejected with the current acceptance of seed plant relationships as seen in Figure 5.1, in
which the Gnetales are nested within the conifers. Thus, double fertilization in the Gnetales and
angiosperms presumably evolved independently.

Ephedraceae—Mormon Tea family (type Ephedra, after Greek name for Hippuris, which
resembles Ephedra). 1 genus/35-45 species (Figure 5.28).

The Ephedraceae consist of xeromorphic, usu. dioecious, shrubs, vines, or small trees.
The stems underground are often rhizomatous; young aerial stems are narrow, striate, and
photosynthetic. The leaves are reduced, being sessile, simple, opposite or in whorls of 3 [4],
deltoid to subulate (usu. scale-like, becoming non-photosynthetic). The pollen cones are axillary
on aerial shoots, each consisting of an axis bearing several pairs of decussate bracts (lowermost
bracts usu. sterile); most upper bracts subtend a stalk-like microsporangiophore (also termed a
microsporophyll) bearing 2-8 apical synangia. Each synangium contains 2 [4] poricidally
dehiscent microsporangia; within the bract of the cone, the microsporangiophores are basally
enclosed by two, connate bracteoles (sometimes termed a “perianth”). Pollen is striate, not
saccate; the exine is shed after pollination (so male gametophytes are “naked”). The seed cones are
axillary on aerial shoots, each consisting of an axis with 2—8 pairs of bracts (the lowermost bracts
sterile, sometimes fleshy). The cones bear 1-3 ovules, one in the axil of each of the upper bracts.
Each ovule is enveloped by two tissue layers: an outer layer (sometimes termed an “outer
envelope™), usually interpreted as a pair of connate bracteoles, and an inner layer, the integument,
which forms an apical “micropylar tube” that protrudes from the outer layer and receives the
pollen. The mature seeds are gen. 1 or 2 per cone, either dry and winged or fleshy and colored;
the embryo has 2 cotyledons. Plants are wind pollinated, although some are insect visited,
obtaining a nectar-like secretion from the micropyle. Calcium oxalate crystals occur in intercellular
spaces of the wood.

Members of the Ephedraceae are distributed in s.w. North America, w. South America, n. Africa,
and Eurasia. Economic importance includes a traditional use as a tea (Mormon tea) in s.w. North
America. The seeds of some species are edible. Some species are used medicinally for various
ailments; “ma huang” (from E. sinica) has been used in China for many centuries. The alkaloid
ephedrine has (among others) appetite supression, anti-asthma, and stimulant properties and has
been used in weight loss products (but now largely banned because of harmful side effects). Some



species are used as cultivated ornamentals. See Kubitzki (1990a), Price (1996), and Rydin et al.
(2004) for information on the morphology and phylogeny of the group.

The Ephedraceae are distinguished in being mostly dioecious shrubs, vines, or small
trees with narrow, striate, photosynthetic aerial stems, the leaves scale-like, opposite or
whorled, the pollen cones with decussate bracts subtending microsporangiophores, each bearing
apical synangia and subtended by an outer bract and two, inner connate bracteoles, the seed
cones bearing 1-3 ovules, each ovule subtended by a bract and enclosed by an outer layer
(“envelope”) of connate bracteoles and aninner integument, the latter forming a
protruding pollination tube, the seeds winged or fleshy.

w of angiosperm radiation in the Cretaceous, Wing and Boucher (1998) concluded that
diversification of angiosperm families was much faster in the second than in the first part of the
Cretaceous. In fact, fossils of many extant families have now been found in Cretaceous-aged
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(UL_LD 10 6], L7).
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Fig. 10. (A, B) Riccia. (A) Tranverse section of thallus (diagrammatic); (B) A part cellular.
CeL ¢aM&FCHISHmS LD6IIIL 6VLD:

Qs uFm& MHowrerg, Sreverdlest GEL UGHUND 2 6ang. Q&  HeasaTs
aM&ECeNsme QmpsaisT erae| CQFRGHSH flmFsHamed oherg. FCHTEHMS
Qenseflett  SimeTsH 2 uUNfansEsEpD  RCETMLCLLGS WwOMID U  IgaVsTlGh
GGemGrmilenmevL_senensd Cameui(henener. eellFCEIHmE QeMN&HETET (LPen6Tl  CF6L&6I
Quilweney, mamedeT LOMHMID  SETTEUTET, UMM UMFLMISSIULL OHMID @QenL N T
@@ Q561 HlgLoeTmen GLELECHTEL I GLD.

RaM&ECETEHMS QMNGET STHM OMSET TG GMIA Heromer QFmGsSsl
STLEUMLSATTED €2 (H6U(HSHESMT([HeU] NfSSLILGETDET. UG, SMTHM HMDWD HT6TS
(TINALJO6D QFELS&ET (6T.&M., HFST &6 la &M, (ULLD 11) 606V 6TL(H 6TNCALFOED Q&FELSE.
GmMhg CEFLOILIL LTI 6VLD:

Qs LI 6ULD HTELerOlesT GleUGTL 6L &laemeusd GMSEHMG WLHMID ReNFCEFTEMS
LILSHDEG &EC o 6mag. Q& HHSHLNG RRSMDSHLILLL  LTJETHLOML 6N
Qacvamens CQanau(heraid. Qb CFL&T GGCaGrmiled @eveurgHemer WMOMID GVLITTE
@@L 2 6ute Ll QUITIHL&6TS 2 6Tems. @hg LG 60&SHe Sp QFeL BHEE SLp CLeLCHTEL
o (HhUTHMG. &p CeCHTEl6T &ev CQFeL&T CFHL&HeT WHMID @Uetoi(y  CUEHSHUITEST
OJEMLUBSHEMOTUILD 2 (H6UTEG S 63TM6IT.
fESwmaed @eolICL(HSSLD:

fESWT Gmeuy WMHMID LTEOIED (PenMSETTEL QeTLCLHESD QFUIE M.

fESwmaled Hmeuy QeTLICLI(HSSLD:

fEwmaNed  smeauy @elQUGSSD  sa|d  QuITGeureig WOHMID  NeTeUhHLD
WPEOMSETTEL HEOL CILMISMGI:

1. HmeverOlesT LsmLpUl LGSuilest @mLiL| WOHMID Henge:



fESWTENleL 2 66 HTeverv Q(HEUMSHETE KNS EH(HSHHAME LMHMID EUTJHE! EU(HLD
Leitell 215601 HISHTILILGHUNCD SIEMDHSITENGI. QUUISTET 6DV UML & SMTEUUILONES &6V 6rdl6sT
Slq UGS 6L60 G L6TLM LGS S(LPSCUT 9i6LevG HHOHCAIT QST RIGHMDGI.

Qg Henge SlLevG Hmse| QW WM QEHCamLLL QL SHmF SiemLujd Curg),
Hmeverdlstt L 6L&6T  Nfl&SLULGHTmen. Qeueumm NRSSIULL  CeOMLUS6T  SWITE6sTLOm6nr
STUJRIGETTS 2 (HheUTHTM6. flFSWITaNed FHmeuy QaUCUGBSHSD QFIQISHSTET QLITE|ETEIT
wom Q3.

2. 5M&E El6MENSENT6L:

M&ESwm leeplLestery Gumetm 2 uNiflesrmugbelled &meverdlest GleusdL o0 GCLOMUFLILNGED
Q®HGH FTHEES Henaien 2 (HUTHHIMeT. SHHGH MUGSLILLL L 6T, QHG Henensem LGl
HTEOIITS 2 (h6UTH6TMEdT (LILLD 13).

3. QamLgsF&lwimest Coucinr(hCaHTeSaTTeL:

Flu$s eumetiL. CaHMML  SMPEOILTS VLG 6UAT(HD LHUSHET (Pplallsd &ev
o uNfleoimisefled (61.8M., HFAUT 1g6VAHTELN) (WD SHMeLErvcld SMUBHF 6UeTIHE 6U(HLD
Heeflemiid sl SIPSSULGHMDEI. LN60T6u], S| OGN SLOTS UeIHE SlgLOETTEHMDGI.
EMGHHLOMeT GlpHeneoulled @& e USHW FTeveronsd 2 (heuTdmG. Q& CUBESSHMmS el
UDDITS b LMD

4. PG SHENITeL:
EUAM(BLD LI(HeUSHHET (LPlg.eTle, g,rrsuem GeomLigerfledt @I]'GUGSQT g;Lq.LDG‘OTITé:] QUDHMNS FIPHIG S
2 (HUTHGHETMEI. Qemeu FTHHLOMM HMELENLOGHEMET SL GG HM6T QST 66, &ITESLOMEIT
Benevsninsener WG QAFHTMEGLCUTE SHNRIGSEHD LS SHTeOlHIUI 2 (I 6UTEE S 6TM6T.
NEWT  evQsTeL), . Meveorjlelfl, g QUAPsTIflav WLOHMID . CQeuACHLLTeTNed
SHLOMIGS6T CLTGIeUT6Teme (UL LD 14).
5. 60J& ML &ENIT6L:

@Qend  eovpemiBsefer mHENILGEH oo Qemseiled (1.&M., HFHWT &Ko la &m)
2 uNyenIssefe Henm CUITETD @h QAQLLOMmE 2 (HauTshs NfGE WanEn NfSHDE. Qbhe
Qeev&en  GGemmGrmilenmeavLlemL & &meutlg (h&HHeTmest, GOGID Siemel LUl  FHTVervns
6UEMI&E0Llq. UI6DIEL.
fEQWTaNeL Lmeduled @eTLICIL(HSSLD:

flESwmelled umedlwled @QeTLCALIHSSLD 6TETLG 6R&SMDNV G, 6001 QeTLICILHES
2 L U&ET YhASFIqUIT 6T6aTmID QLG ) J&QSCHTENLT 6TTMID DL SSLILI(H S 6STM6T.

S, EifleroLmedleutT, Sy,j. &ngLq.&BIT ). Meveomilefl WMHMID o417, Henmed Gurra'ﬂm
§ev QenimiGeT GLMGearTéiLerv S CammGLOMLTe0s (SIFTeUG), glmamlﬂm.u_lrr angum
%Uesé](:asrrasﬂu_lrr Qe @G Hmeverdey &@QJIT@GGTQ)GN 3ICH CrrsHeL Su. &iJIq8, .
QuiyGemesll, o4 MevGaHT.-.L, o4y ~LCymevlg, Q. 1g6VRSTL Y&Wened mLCuImHuiav
S0 g b CLICHTLTe0S (9IHTeugl, QeueuGeum HmedluNed  SyeTGLfliguwim MWD
S THHCH TN eUaTTEE). 6L Fligim WOMID Y THHCHTEMIT Y Elulener 3y 60Tiq flig U 16D
LOMID Y TEHCEHTETLID MMEETeL QencussLILL (heiTerme MHMID &Teverdlel (LPHIGSEILDL
Cmuried o HeumHermest (UL 2, 3). ASCITAULLED SHSHSESHS UTOUIL 2 MILILG6NT
2_(HeUMTHlEITME (HTUSF!, (NSHJFHWMLHS UTedluled 2 MILILGET NeTLD (PIgalled 2 eiteren,
Smiaujsen gmeverdler 2 F&enul CHTEHE).



Riccia thallus

(monoecious)
f ' q
germination

@ spore
P n gametophyte generation
n

meiosis

zm‘,:::’::."

sporophyte
generation
2n

Fig. 22. Riccla. Diagrammatic life cycle.
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S601GLMR&FECHmery
SHCHTRFCHTerOlesT eNBCWIMSLD MMID euMPeILLD:

SHCHTAFCHTaV &M 200 QEMMISATTL GSMSSLUILGHMDG. Hen6SHFH 2 UNF6oTHISEnLD
Heotugiy MO NHCUTESHEL  STervCMUTEOLL 6.  FJleY&H6T, LMDMSBET 6LV
LeTenmigeiledl LIS&MIS6T GUTeTm D& b FFJWmss WMMID HLpeomsst QL migeiled @\6uTmis el
QaTJHIME. §lev QEMMGEHT (PG WISH euanjhg SmealiLbhEHermest (GCaeuferv, 1911).
woHM  ejCumenUL(hsemear  GUITELELEVTED, UMETIL.  [HlemeLEnLGHEMeT  (THITLUILSDES
SHCHTCFCHTEL QUTHIQITS H6oT& CUTIHHSTE.

AnHuwireNev HHCHTAFCHTEry &M 25 @enmiGeanmed GOILLLLUUGHDS. Qb cLpsTm)
QenhisaNed SIHCHTEFCHTErL, 6. aMIDTLCIUIETHEV, 6. 6TATHL 6V WOMID 6. FMDCILGTHD
Shlwenel QuTgeuTs GCmME@ @neneoll LGSUlled 5000-8000 Silg 2 UITHSEL eueIhHS
QUHEIMENT  (BTepuill, 1915). Qhg @em&eT (PGCETH, Gsl, L6Ted), GLLTGauTsT, FLum
LeTen$HTeH@, UEhEFTL, Qlgmev wmmid QgerefihbHinelss &healaigseiled eoueaTjhdi
SmeuoTLIL(H & 6oTm6oT.

Quamyr wOHMID Cameau( (1953) FIDeVT, b6l TL WHMID LevGamearflanws Caibhs
¢J. ammetlearflery LMMID 6. AHCHTCFCHTerOle Goum Hev @eMIGET WMHMID Siem6
HaWd @LMIGET - A 1968 1q, . FaMMLLQNETHOV (LL6TT HMID SI6TIEDL.  LDENEVSEN), 6J.
OB GeuTenT  (0&CEIM), 6]. EMOIGHEV (SIFMD), 6. egallmshsell (GCayenm GCUTETMHEME.
SHGCHTCFCHTErOlesT @6hIGET QUDHMTS (). AMIDTVGUIEHTHEV) I6LEVG Y 6U(H (6] . erectus).

Qeuell SILDSFMIGET:

CaGLMCLMNGS Smeuy 2 L6 Greomi®, Lrj&Gleusiil_ed, 4Chmervig CrL, SILJ L&Fmg
HmsHed QBCamulL  Hamerseamenr CHTHEEHW CUTESG CSHTEIL . QSHSHMEI  Henerndern
Smeverdlett CHMOHMID CUTETD (6 &FMHMIULMDS VLG D) SFOMILUTMS CQUTAFLL TS
LD &6BTM6DT.

Sreverv NGeomuL (6. @MITELCILIETHG, UL LD 16]) SI6Le0G SGFADI Hemenss (6.
aMeLEV) SeLEVG| QGO (6]. QR UPGeTFOV SiGS. 1 &) CUTETD 6JUMENLOMES Hien6wT CaiTern
LIEh& 2 L 6L&EHL 60T LIGhGCLIMETIME 6L6VG HlgLO6TE eUaMISHSLLGEMG el Gumeim
QFMIGSHE HE (. TAFSLeV, HHE 1. 1)

WsIsIDL GmUFLIL:

SreverdletT  (PGIAGIDL  Cumurlly  Qsienowimerd ().  Gevallerv)  Si6LEVE)
QeueLQeullquirs QB&HSe0MD, ghlsoeiled L LD GeuebGev (6. LOHGIOUTET) SI6LEVLS)
WPEIAsIDLSET  WOHMID  (WEESERL6T (6. SN foumiiiierv)  sIGUPILTETS. Q&
Nyen&&&mgl, hHaNeL SlqLO6aTTHD, 2 SHeosHHaumsT HHLILSS aleom @eLeVMDed (UL LD 1
1q).

QeuesTL_IF6L GLoMUITLIL:

QeustTL_76L GLOMUIILIL LIV 62M6MM, QILDEITEMLOUITEN-G6U] 6nIEMUL(HSHM6Ns Q&meun(heiTeng)
(ULLd 1 @, 6Tol)). SeummMledt (LPSEW QEFWEOLTH SHTELMENV Silg CLPVEFaMED BHhiFaFLil(BeuGILD,
eueNed(bhg B WLOHMID HTE o261l L §F§55EHMeM 2 MEhFUGID PGW. STFCHT
oIEMUBS6T, QFSleL&ET 6LV LI FleLgsTTay (WDIg&H6T @eLemnev. GleusiTL 6L GLomUFLILNeL
uev A, ey, UL L LomeoT, HLJSHEHWITer QL Heo LEmE Lstafgen smeurliLhEleTment.
Qemeu GhmervLmé &mevesfienmed HIFULLLLL el GLHleyse.

QUL LUy MM HSECLTUJ TSHSaN WPHTHS STe0&ES BIOIHS, Heromest wmHmILD
2 _(pemen eruGUTCITGHTeLT 2 6eng. Qeneu Q&MbY CUTEIMEme WMMID C&THSHTS
sT(Lp&HeTEDT.  epelCleum(p avCUTGHTCHTENUINLD UGH6T SlqaMTHSHeL 6@ 2 6mm GUTETM
SIEMOLILTED GLOULL (Retengl. @& FRUT(hy (ULLD 1 1) 6T6aTM HeMPSSLILGEMGI.



2 6T &L L 6MmLDLILY:

g,rreuerﬂm QEmGS s @g)_l&':@QG)JI_@ Nifley @), 1q.6T60.) LOGEYLD eTeM6MLOLIMEDT
SLL6nLOLImLIS a,rn_@eﬂg)g,j QsnHG 61HH LDGUDTI_GDQ,DLD @evsmev LILLD 2 ¢, ). Q& @GU
LIAFIITS CL6LEOIL S6U] LIJTHLOMNL 6N SHeVMISATTD Y 6arg. HHSHST LNTTHEUISHET Sl L06dT
QeuctGeum @enmiseMed GCeumiLBHMEI.

@8  .Qewallerdle  6-8 QFELHET  HlQLOETTHELD, 6J.LUMRGCLLL6r0l6D 8-10 CFELS6I
HIQLOEITTSHELD, ¢]. LO(H&IEUTS 30-40 QF6L&ET HlQLOETHED Q(H&HGLD. Geuaflm Qu(bLbLITeLTss
3(H5E C6eL CELCHTL Y GLWD. (TNCLFLI6D CQFL&HET QULNSSHLONE HEMLDSSLILIL LG (ThSHE 6T M6,
slene] fMwieney LOHMID Ul Qevsitev eulged GCaTTCHMIeMTe VL &HeneTs C&Tesu(HeTensor.
¢J. ameLedluTled CLCHTL SIHGG CoumiL(heudHeLemev.

D thallus E F G
Fig. 1. (A-F). Anth 0s. External fi (A) A. himalay is, (B) A. erectus, (C) A. gemmulosus,

(D) A. crispulus (dorsal surface), (E) Ventral surface, (F) Smooth-walled rhizoids, (G) Thallus with tubers.

SIHCHTAFCHTENNL Q6TTLIGL(HSSLD:
SHCHTCFCHTEL HTeUy LOMHMID LIMEOILIEL (LPMMESETTEL @6TUCLBSSD QFLIHME).
Freuy @6rliCL(hH&SLD
@5 NeTeU(HLD (LPMMESETTEL BHenL QUMIHMEGI:
1. HTELENV SILELGI Gl6TTI(H HI6IlG 63T LMD LIGHUT6T LOFeuoId WHMID Hemsey eLpeuLD:
QIUISTE SI6L6VG| UMLE SMIEUUIOTS HTeLerdlehT LMW LGS (S BIIN&HMS)
Slvevg femEms. Q& QGCaumuLL QLSHMS LD CUTHl, HTeLErdl6iT DL 6LS6
NfN&&LLGEsTDesT. Qedeurm), LNFSSLILLL DL 6L&6IT [i6sH ueTf&EHITED SIS STEUTHISETS
o (heun&learmen. eOleujeumjLemeroll  Gumev  HCHTAFCHTEOL Qb (M  LSELD
QUITGI6UIT6TT & 6L6V.
2. PG SHETeL:
FMHHOM GBS 6LV Hlg 65 euMLHuNest &L, HTeverdlest aMefMibL &&&se6i
SQ DG, UMMTG FIPHIGSHMeT 2 (HeUTSGSHeTmer. (UL LD 1 g). seummiesr Hlemev GlaueiGeum)
Qenmisafed CaumUGHMEG. Slemeu elaTfhg QI LataNs@pdh@ (. Geveallerv) Lilsomenmed
Sl  Hmeverdlerr  eNlafNbLseNed (). amevedl, ¢. LMwFGemefl) 2 (heumT&eomDd. 6.
amlpmeoGliLieflerdled  HPRIGHEHD Sl OMID  HTeverlem  QeausiTyed  CLMHUFLILTN6L
eMNLDLS EmHL 63T 2 (I 6UTSH6TM6T.
SPRGSed Quen® (P& WM SUGHG SMGH mameler QFe&6T 2 6ers,
Siemer  eTentlennl  GCenmileverv, eVLMIE  FmelmGeT WOHMID  NOWCHT6T  HIH6NTSH6I
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S EWeUMEnMS Q&MTag (HHGLD Haseenen cLPHSHETME. SQUTSHET FTHSHLMM HNELENLLSENEN
&L &S UELELAUTHET. FTHHLOME Hlenevendsenen LENHLD QSHTLMIGLLCUTH HPRIGSEHLD LS
HTOIMILI 2 (Ih6UITEEG F60TM60T.

3. QML H'&emeD;

¢g. BenmssaiBCeom&erv, 6. LNyyed..Quiyerv, 6. ~.UTFCLNGs Gumstim HHCHTAEFCFTendest
§ev Qemiseiled, Hmeverdlsit (PHIGSHEIDL CMUILINGT 6ppRIGaT6L Lw LeLeUIN] Hevor(h
SLLEDOLILSET 2 (heuTHeTmen. Qh& &L LDOLILS6T CQLDIOT 616 HMLNSSBLILI(H S 6OTM 6.
QuOHCOMy  HmewereO(BHE LNN&SULGLCUTS, ¢elGleum(p QWML LSHUl STeUFLOTS
2 (HUTEME.

4. QSMLJhG eUeMihHG 6U(HLD GI[J6LHENTeL:

Pluds eumewiL GCHTEML  SMTEUUIDNG L6V UMb LHeUSHT  (Lplgefed,
AHCHTAECHTeV (). LNWFCEmend, ¢7. -~ & umjiblerv) Hev @eTmiGafNedT (DD STeVerurLd
UeH&!, eueTihgl euGLD Lstelleniid el APSSLIUGHDGI. LN6T6I] SiFH LDETIEINED SLLOLDTS
QeTjhg F1esLMOM GHphleneouiled SlgamAmG. QFH USHW GTeveronsd 2 (HauTSHmE. Q&
UMMM €(h (PemM, LNeT6oT CILI(H&S60.

5. 9Gumeroufl eLpeLLD:

3HCHTAFCHTerAeL, eroCUTCTCHTetNWSEHetT UL LGHSefetT LNHSSLULLTEH Q&F60S6IT
(61.51., QUL [J&H60F QFlaVELLDIGS LD 6VLD, STV 06T Hienewor 6ILNGLFLO6L MHMILD
efucurrcljrragmem UGS) GCeHCLMCL Mg & BTLEMEN a@mn&@éﬂmmm Qg Haey
g{Gurrem('p’umﬂ 6160TM  SAMPSSHLILGH MG (SVEUMTFEITLITES, 1926, 60O, 1901). HTEO IqLiemmii(h
6L CHTHMEHHEL FTSHMIEUILOMESIS 61.850., 6]. Gevelerv.
umeoled QETUQUHSSLD: LTIy @LICIL(HSSLD  6T60TLIG  ogamous. Q600  QeTLIGLI(H &8
2 Le0&ET YheSHliquim eTeoTmid Qe oY, JHCSCHTENLT 6TOTMILD  HMLPSSHLILI(HEH6TTMEIT. 6]
UMRI&), 6]. Gamevreshl, 6. ~.Ljerdl..LMJLOIENY, 6]. LIRILL 6, 6J. O@HGIeUmssT MMID 6. ¢J. Gevallerv
soL Guim&lwerv. ComGsorm&liery @6misen LGHTLL MEWIL_[Jerv, NSHTeUFH 4 T50&CR MM 5HE
(6T (P STEFF UL SH6TTM60T.
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Fig. 11. Anthoceros. Diagrammatic life cycle.


https://cdn.biologydiscussion.com/wp-content/uploads/2016/02/image-174.png

LmeOIL_fl&F&LD

fsipey

uTedL &g 2 egemmall eNHCWLTeESHmes Qanan@eag. Gafljhgs Geuliubeneo
LOMID  QEULILIDEIIL L LUGHS&aTeL Siemeu LGD QUITGleuTsTenel. SHTeUThIGeT GefNibhs
MHMID Hlpeomssr QL m&aNed eUTLDHeTmeT.
QuUITEl SieMLDLILY
WsHW smeuy 260 GCaHCLMLCLTMUL S@GW. QGHebhs Pemev QUi LGSHSenend
Qanau(peneng): CouyssHaun(heHSLphEG WOMID HLOFHE @enev LILLITNgLIL.
1. Caurssan(h&SLmEG: @& el L L UGS wHmid Hevdslquiled euer@bd. & Hmul LipLL
91606 HMMM Qenev&afstt cLP6TMI UfleMESHMENS CSHTEIBETeNG. Q& OIFTUIEHEEMETILILD
SMRIGHMG. QFeL&em LCITLCLMIenm&D MHMID eTevurtlevunil GCenmiNeLerdled Hemmibeitereo.
2. HOHE @enev UL LNgLliL: Qenev Helljgen H& Herons QEsGLD. @& STeurs et LHgea L
QeuefNiuemLwimeT UGHUTGSLD. Q& CaufssaunhsHpmndedGBhg a(WIHAME. Qhs SHemensen
MW FMmES Qamen(hetensn. @b Henengel &L (LPMDUND SUMWSHLILLL  Quflul
LGOS HITIRIE S 6TM6T.
3. QMG QMG EHHS IIGHEVLDITETT GG 2 6Terner. GeL LGSHUNL 2 6Tem @6meLS6iT
useng HmHHL QOBESGWL. eormed Epmestemey LWL HMEHHOL QHSGLD. eubeun(m
QemeuEGID GV 2 (. HMWMHMm 2 mm Qemev gLl WOHMID GSMISW My el (h.
BHUUGSUNEL eflevm sTeVIDLN6T (PSS LUGHn 2 (HUTSGHDG. QhF QeMeV&ET LGNS
SOMGaNeT  CB[HSHLOME SMLSGSUULL  CFRGHSH &GS  algauHHed Fa(hHeL
RM&ECFTEHMS Hadesamersd Cameau(herersr. @emel CeDeLGE 616N HEMLDSSHLILI(HE6ITM6TT.
L&emE GeulDeLGCeL Fa(hFHeL calFCEFTHMS HEHGHTES CFUILLHEME.
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Fig: A male plant

Qemev: LUTEOILHESFD HESHeOMETT 2 61T MIOLIMLS C&Tein(heengl. B eMNeom DL LGS
BIQLDEITS 2 6lTeng|. p6umed eNeNbL&e 62CF e QF6L HigLoeniTd QEHSGWD. & GomuLiL
CeLCameL  ecpeuld  SLRBUUGSHSUUL (6. 660TM V0 QUi AGSGS6
V&HETEHHALMLL 6NV  §&E&HSH6T CLCHTISHE GG 2 drarear. @emeouilest enOw!  &&
QeLedls  Geuj  UGETEILEOV  H&EsSTeL  Yerg. QM@ GG  BeamELD
6NVRHELCTETALDMLL 6V QFeL&eT 2 arenest. Goed Gmuply Quil 2 uNjeansseisn i(HSHTeL

Female plant Leaf



2 (HUTEMG], SuMMIL QBHG Jumamomsr GeuleLGev sT(PEHMG. QbG G LGS @eneouiles
&AW aMECETEHEMS LGH).

SOE: & 1q.61600. HEN{H PN LUGHSMmens ST(hHMG: CEHever, CHMICL SV LDMHMILD
CebCymed. Qu(eveor G @yeor(n L em&aTsS GoumiubéHSLUGHADS: SHHNL
LDGBOTL_6VLD LOMMILD LM LOETITL6VLD. LIM6wN Sl LOEDITEN &6dl] QFeL&H6mens Q&meun(heiTeng). HL &SI
Qenpsenend smmlujeten LMl 2 LD HEEG @ GCLD6imqed 6160Im HMD&HSLILGHME).
S1G601 2 WNJamISHS6N60 eroL M STeoiliLimGeT 2 eTearer. LMl GLOEL LiM6utl 2 eTeng).

QUMDEHM&HE &LPMHE

Sreuy QeuLICILI(HSH&LD

NesTeU@BLD (PEMDMSETTEL HTeu] Q6TLCL(HSSHD HenL QLM MS):

I. HGrmL CLmGl6oTLOf: Q15 G861 (P EDETS &) HGrmL_GLmQeorLom 2_(IH6UM&I6OTM6TT.
HGIm_GLMCleromelled Lew GML(B&6T euen(bhd. spelQeum@® Qm(h i 6o HiesNLILIGSHuleor
epeuld CaHGLMCLTEMUL LTS 2 (HeUTHMG).

2. @emeu  gmady QML (K&  6TaIMID  JUMPSSILBERTTMeT.  Slemed  emIFMLI(HS6 M6
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Fig. 7.22 : Life cycle of Psiotum
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strobilus

Fig. 1 (A—C). Lycopodium. Sporophyte with strobill : A. L. cernuum
(terrestrial), B. L. c/avatum (terrestrial), C. L. phlegmaria (epiphytic)
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Fig. 15. Lycopodium : Schematic representation of life cycle
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