
/

ALGAE

LESSON-I
,I

GENERAL CHARACTERS ft...ND CLASSIFICATION OF ALGAE

OBJECTIVES

1. Introduction
2. Classification

(i) Fritsch's (1945) system
(ii) Round's (1973) system
(iii) Whittaker and Margulis (1978)system
(iv) Larkum and Barret (1983) system
(v) Corliss (1987) system

3. Ultrastructure of Algal cell
(i) Prokaryotic Algae
(ii) Eukaryotic algae

4. Range of Thallus organization
(i) Unicellular algae
(ii) Multicellular algae

5. Reproduction in Algae
(i) Vegetative reproduction
(ii) Asexual reproduction
(iii) Sexual reproduction

6. Origin and evolution of sex
7. Life Cycles
8. Economic Importance of Algae

(i) Algae as food
(ii) Algae as fodder and biofertilizer
(iii) Commercial products from algae
(iv) Antibiotics and medicine

9. Fossil Algae
10. Summary

1. Introduction

The algae comprise a heterogeneous group of chlorophyll bearing lower plants with
enormous diversity of form, structure, reproduction and life history. The plants may be
microscopic as well as macroscopic inhabiting the fresh water and aquatic habitats. The science
that deals the study of algae is called Phycology (or Algology). The term 'Phycology' was
derived from the Greek word Phykos means sea weeds. These plants are known to occur every•..
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place where there is light and moisture. It is true tfiahAe.y grow richly in tile seas and in the
freshwater reservoirs such as rivers. streams, lakes, ponds, damp soil, moist wall, wet tree trunks
etc.: and also in the extreme habitats such as deserts. snow-clad polar regions and hot water
spnngs.

As in higher green plants, photosynthesis in algae is accompanied by oxygen evolution.
However, unlike bryophytes and other higher plants, algae lack a covering or jacket of
vegetative cells around their reproductive organs. An exception is the antheridium of the
Charorhyceae which has a sterile jacket around it. In the Phaeophyceae (Brown algae), some
reproductive organs are multicellular and all the cells of such an organ are fertile. With the \
exception of the blue-green algae (Cyanophyta) and Prochloron all algal members are
eukaryotic in nature.

Among the Indian Phycologists, Ghose (1919-1932) was pioneer who made significant
contribution on blue-green. algae of Punjab. l Iis student Randhawa (1932-1959) published a
series of papers on Zygnemaceae and Oedogoniales of Uttar Pradesh and Punjab. Prof. M.O.P.
Iyengar 'established a strong school of algae at the University of Madras and discovered
Fritschiella tuberosa (1932) and studied many aspects of. Chlorophyceae. Randhawa (1959)
rightly. called him the 'Father of Modem Algology of India" Desikachary (1959), a student of
Iyengar, had written a monograph on 'Cyanophyta'. Another strong school of algae which is
internationally repute, was built by Bharadwaja, a student of Prof. F.E. Fritsch, at Banaras
Hindu University (BHU), Varanasi. Y.S.R.K. Sarma (1960, 1974) worked on nuclear cytology
of green algae at B.H.U. At Allahabad, Mitra (a student of Fritsch) contributed to the
morphology, taxonomy and life histories of many green and blue-green algal species. Prasad (at
Lucknow) worked with Prof. M.B.F. Godward of Queen Mary College (London) on

\ "

cytogenetics of green algae. R.J. Patel (Vallabh Vidyanagar), another student of Prof. Godward,
made a significant contribution towards the cytology of the Chlorophyceae and, algal flora of
Guiarat and Maharashtra.
2. Classification

., The.classification of algae has been modified from time to time ever since Linneaus
placed them in the class Cryptogamia. Till 20th century, it was customary to recognise four
classes of algae namely, Chlorophyceae, Phaeophyceae, Rhodophyceae and Myxophyceae.
Diatoms were placed inPhaeophyceae. All motile unicellular and colonial flagellated
organisms with chlorophyll. are placed in the class Mastigophora of phylum Protozoa. The
classification was based on vegetative structures and reproductive processes. In modem systems
of classification many criteria has been taken into consideration so that it is possible to
understand the interrelationships and phylogeny. Some of these criteria taken into account for
classification are: (1) Photosynthetic pigments, (2) the nature of storage products, (3) the nature
of cell wall components, (4) details of cell structure, and (5) the type of flagella.
(i) Fritsch's system

According to F.E. Fritsch (1935, 1944, 1945), the algae have been divided into following
eleven classes.

(A) Chlorophyceae
(C) Chrysophyceae

(B) Xanthophyceae
(D) Bacillariophyceae
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(E) Cryptophyceae
(G) Chloromonadineae
(I) Phaeophyceae
(K) Myxophyceae

(F) Dinophyceae
(H) Euglenophyceae
(J) Rhodophyceae

Fritsch classification is mainly based on the pigmentation, the assimilatory food products
(metabolic products) and type of flagella. Some important classes are given below:

A. Chlorophyceae

The class Chlorophyceae is characterized by following features:

(a) The pigments such as chlorophyll a, chlorophyll b, xanthophyll and carotenes, are
localized in definite plastids or chromatophores.

" (b) The reserved food material is starch, rarely oil in very few cases. Usually In
chromatophores pyrenoids are present. A part of pyrenoid converts into starch .

. (c) The flagellationis isokontae type, i.e., both of the flagella are equal in length.
(d) Vegetative body may be one to many-celled.
(e) Cellulosic cell wall is present.
(f) Sexual reproduction ranges from isogamy to oogamy.
(g) The life-cycle is mostly of haplontic type.
(h) Mostof the species are fresh water and few are marine.

e.g. Chlamydomonas, Volvox, Ulva, Draparnaldia, Oedogonium, Spirogyra, Chara etc.

B. Xanthophyceae

(a) The chromatophoresare yellow green, containing chlorophyll a, carotenes (p-(;arotene)
and xanthophylls in them.

(b) Pyrenoids are absent and starch is not found. The chief food products are oils.:
(cjThe flagellation is ofheterokontae type, i.e., one flagellum is short and other.long,
(d) The cell wall consists of pectin, and in majority of cases two overlapping halves are

present, e.g., Tribonema.
(e) The sexual reproduction is rarely found.

I. •(f) The walls are silicified .
•! I '(g) The life-cycle is mostly of haplontic type.

(h) Majority of species are fresh water, some are marine.
e.g., Botrydium, Vaucheria etc.

C. Bacillariophyceae
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(a) Gorden brown or yellow colour ot the thallus IS due to the presence of a pigment called

diatomin. The other pigments are chlorophyll. a, carotenes (~ carotene) and
xanthophylls. The members of Bacillariophyceae are known as diatoms.

(b) Reserved food materials are fats or volutins. .
(c) The flagellate bodies are 1 or 2 flagellated.
(d) Majority of them are unicellular, some are colonial.
(e) The sexual reproduction is of special type resulting in the formation of auxospores.
(f) They are diplontic.
(g) They are widely distributed in sea and fresh waters.

e.g. Pinnularia, Navicula, Synedra etc.
D. Phaeophyceae

(a) Brown or yellowish brown colour of the thallus is due to the abundance of carotenoids,
especially fucoxanthin. Other pigments are chlorophyll a, chlorophyll c, ~ carotene,
violaxanthin and other xanthophylls.

(b) The reserved food materials are laminarin, mannitol and alcohols,
(c) The plant body is multicellular but motile reproductive structures are unicellular. These

motile reproductive cells are pyriform with two laterally inserted flagella; anterior
flagellum is longer and pantonematic while the posterior one is short and acronematic.

(d) The sexual reproduction ranges from isogamy to oogamy.
(e) The life cycles indicate clear alternation of generations.
(f) Most of them are marine.

e.g., Ectocarpus, Dictyota, Sargassum, Laminaria.
E. Rhodophyceae

(a) They are red algae due to presence ofy-phycoerythrin and c-phycocyanin pigments. The
other pigments are chlorophyll a, carotenes (13 carotene) and xanthophylls.

(b) Reserved food materials are polysaccharides, floridean starch and a soluble sugar called
floridoside. .

(c) The flagellation is absent.
(d) Prominent plasmodesmata are present.
(e) An advance type of oogamous sexual reproduction is found.
(f) Life-cycles show clear alternation of generations.
(g) Most of the species are fresh water and the rest are marine.

e.g., Batrachospermum, Polysiphonia.

F. Myxophyceae (Cyanophyceae)

(a) Excess amount of phycocyanin gives blue-green colour to the thallus. Definite
chromatophores are absent but pigments are localized in the peripheral portion of the
protoplast. Other photosynthetic pigments are c-phycoerythrin, carotones and
xanthophylls. .

(b) Reserved food materials are sugars and cyanophycean starch.
(c) They are prokaryotic in nature.
(d) Sexual reproduction is unknown.
(e) Majority of them are fresh water forms. Some are found in sea water.
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(ii) Round's (1973) system

F.E. Round (1973) classified algae into two major groups, i.e., Prokaryota and
Eukaryota.

Group-A : Prokaryota - Phylum Cyanophyta
Group-B :.Eukaryota - 12.phyla

a. Euglenophyta
b. Chlorophyta
c. Charophyta
d. Prasinophyta
e. Xanthophyta
f. Haptophyta

g. Dinophyta
h. Bacillariophyta

. i. Chrysophyta
j. Phaeophyta
k. Rhodophyta
1.Cryptophyta .

(Hi) Whittaker and Margulis (1978) system

Whittaker and Margulis (1978) opined that most of the algal groups may have closer
affinities with other protist groups than with each other. On the basis of this idea, they classified
all prokaryotes under kingdom Monera, and all algae under superkingdom Eukaryota and
kingdom Protista or Proctista.

Kingdom

Superphylum

Phylum

Phylum

Phylum

Superkingdom:

Kingdom

Monera (Prokaryotic cells)

Photomonera (Photosynthetic prokaryotes)

Photobacteria

Prochlorophyta (green oxygenic prokaryotes)

Cyanophyta or Cyanobacteria (Blue-green algae)

Eukaryota

Protista or Proctista

There are 3 super phyla - Chromophyta (8 phyla - yellow and brown algae),
Chlorophyta (6 phyla=green algae) and Rhodophyta (red algae).

>f •

(iv) Larkum and Barret (1983) system

Larkum and Barret (l983) adopted the views of Whittaker and Margulis with some
modifications:

Kingdom

Superphylum

Monera (Prokaryotic cells)

Photornoncra (Photosynthetic prokaryotes)
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Phylum

Phvlum,/

Phylum

Superkingdom:

Kingdom

Superphylum

Phylum

Phylum

Phylum

Phylum

Phylum

Phylum

Phylum

Phylum

Superphylum .

Phylum

Phylum

Phylum

Phylum

Phylum

Phylum

Superphylum
(v) Corliss (1987) system

!,6 General Characters ,:.1
Photobacteria (non-oxygen evolving photosynthetic bacteria)

Prochlorophyta (green, oxygenic prokaryotes)

Cyanophyta or Cyanobacteria (Blue-green algae)

Eukaryota

Protista or Protoctista [enkaryotic cells with solitary and colonial
unicellular organization (Protista) or also including simpler

\

multicellular form (Protoctista)].

Chromophyta (yellow and brown flagellate algae)

Chrysophyta (golden algae, including Prymnesiophyta 'and
Chlorornonandophyta)

Bacillariophyta (Diatoms)

Xanthopbyta (yellow-green algae)

Haptophyta

Eustigmatophyta

Dinaflagellata

Cryptophyta

Phaeophyta (Brown algae)

Chlorophyta (Green algae)

Chlorophyta (Grass-green algae)

Siphonophyta (Siphonaceous green algae)

Prasinophyta

Zygnematophyta !conjugating green algae)

Charophyte (S~or,,:\\ .rts)

Euglenopb. \~I

Rhodophyta

Corliss (1987) classified the algal protists in the following 6 series.

Series I -Chlorephyte "

" .

.This series c\l{l1priscs both motile (flagellated) and non-motile groups of green algae
inQluding unicellular, c~nebial, filamentous and multicellular forms.
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This series contains 5 phyla, these are: (1) Chlorophyta, (2) Prasinophyta, (3)
Conjugatophyta, (4) Charophyta and (5) Ulvophyta.·

This series is characterized by:

(a) The presence of chlorophyll a and chlorophyll b.
(b) Flattened mitochondrial cristae.
(c) Cellulosic cell walls.
(d) Motile cells.
(e) Arrangement of thylakoids in several layered grana.
(f) Chloroplast bounded by double membrane.
(g) Most of these are fresh water ones.
:'h) Except for the Charophyta, the other phyla typically form a phycoplast 111

cytokinesis; in Charophyta phragmoplast is formed.

Series II - Chromophyte

This series is larger than the chlorophyte. The motile members are typically
biflagellated with one smooth and other hairy flagellum, except diatoms and haptophytes in
which flagellated stage is iacking in their life cycle. .

The phyla included in this series are: (1) Chrysophyta, (2) Haptophyta, (3)
Bacillariophyta, (4) Xanthophyta. (5) Eustigmatophyta, (6) Phaeophyta,(7) Raphidophyta.

The above phyla have some common characters. These are as follows:

(a) Presence of chlorophyll a and chlorophyll c (chlorophyll a in Eustigmatophyta only).
(b) Tubular mitochondrial cristae.
(c) Typically no cell walls (except Phaeophyta) but often scares.
(d) Often silicified cysts.
(c) Pair of heterokont flagella.
(I) Thylakoid grouped in threes.
(g) Chrysolaminarin is main storage reserved food material.'
(h) Plastids bounded b> 3 or 4 membranes.
0) Uncommon sexual reproduction.
(j) Predominantly marine in distribution.

Series III - Euglenophyta
. :,/(",

This series is characterised by the following features:
. ' ..

(a) Presence of chlorophyll a and chlorophyll b.
(b) Unique pellicle underlaid by interlinked microtuh-ules.
(c) Single large mitochondrion with discoidal cristae.

I ~ t

'...
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(d) Nucleus with prominent endosome.
(e) Permanently condensed chromosome.
(f) Intranuclear spindle. .
(g) Presence of cytosome and a contractile vacuolar system.
(h) Absence of cellulosic cell wall.
(i) Storage of starch.

Series r/ -Pyrrhophyte

1.8

This series includes the dinoflagellates and pyrrophytes. these are characterized by the
following features:

(a) Presence of distinctive nuclear apparatus. . .. . .
(b) Presence of cortical alveoli (membrane bound vacuoles lacking contracticle actrvity) .

. (c) Presence of chlorophyll a and chlorophyll c.
(d) Plastids generally covered by three me.mbranes.
(e) Uniquely positioned two heterodynamic flagella.

Red algae are ch~acterized by th~ollowi!1~" ~~~tu~es:
(a) Presence of phycoerythnn and phycocyanin and chlorophyll a.
(b) Plastid is bounded by two layers containing single thylakoid.
(c) Presence of floridean starch.
(d) Mitochondrial crystae are lamellar.
(e) Presence of gelatinous and microfibillar cell walls.
(f) Sexuality is common.
(g) Distributed both in fresh water and marine habitats.

Series VI - Cryptophyte

(a) Presence of chlorophyll a and chlorophyll c and phycobillins,
(b) Biflagellate with both flagella bearing tubular hairs.
(c) Presence of lamellar mitochondrial cristae.
(d) Cryptomonads have a distinct gullet (invaginated cell surface functioning as a means of

ingestion of food materials) and ejectisomes (extrusomes).
(e) Mitosis is usually open.
(f) Starch is the reserved food '1aterial.

3. Ultrastructure of algal cell

Basically there are two types of cells in Algae. They are prokaryotic and eukaryotic.
-{i) Prokaryotic Algae

The blue-green algae (Cyanophyceae or Myxophyceae) show the prokaryotic Cell

organization (Fig. 1.1). Nuclear envelope around the nuclear material is absent. The DNA
(DeoxyribonucIejc acid) material representing the nuclear body consists of fibrils which may
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extend through out the cell or concentrated in the central part. The membrane-bound plastids
are absent; the photo- vntlu.uc lamellae occur freely in the cytoplasm. The endoplasmic
reticulum, mitochondria and goIgi apparatus are also absent.

The cells of a planktonic blue-green algae, e.g. Anabaena, Oscillatoria etc., usually
contain a large number of smaller bodies of irregular shape known as the gas vacuoles or
pseudovacuoles. These vesicles are bounded by a single membrane, and contain metabolic
gases. Gas vacuoles are more commonly produced under low light intensity and they suddenly
collapse under higher light intensity. The most important feature of gas vacuoles is th~t they
vanish completely when subject to pressure. Since they contain metabolic gases, the presence of
gas vacuoles in a cell makes it buoyant, i.e., float on the surface of the water. Likewise,
disappearance of the vacuoles makes the organism sink down.

Gas vacuole

I~~~~~~~~~~ Early stege In
septum formation

Fig.l.l Diagrammatic sketch of a typical cyanobacterial vegetative cell to illustrate its fine structure
(adopted from Kumar, 1985)
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The central part of the cell consisting of nuclear material which is transparent having
lower electron opacity, is known as nucleoplasm. It has numerous randomly disposed fine
strands of DNA microfibrils. In some forms, the nucleoplasm is traversed by a. few
photosynthetic lamellae. There is no nucleus. DNA micro fibrils lack his tones and protamines;
essential proteins are responsible for the composition of chromosomes.

Besides the above organelles, the ultrastructure of the cell reveals the presence of some
granular bodies: (1) Polyglucoside granules (a granules) occur commonly associated with the
thylakoids. They are less dense and longer than the ribosomes and represent glycogen granules.
(2) The structural granules are large and dense and probably represent the areas of
cyanophycean granules. (3) Ribosomes, the tinygranules (100-1$0 nm) distributed in the entire
cytoplasm and mostly around the nucleoplasm provide the sites for protein synthesis. (4)
Polyhedral bodies (carboxysomes )occur in the central region' of the cell and contain the
important enzyme ribulose biphosphate carboxylase oxygenase. (5) Poly-beta-hydroxybuterate
granules which may be distinguished from the closely resembling polyphosphate granules by the
presence of a 3 nm limiting monolayer are present in some blue-greens such as Chlorogloea
fritschii, Microcystis etc.I

!
(ii) Eukaryotic cell

All other algae (except blue-greens) show eukaryotic cell organization. The eukaryotic
cell has the same structure as is the typical of the higher plants (Fig. 1.2A). The nucleus is
separated from the cytoplasm by a distinct nuclear membrane. It is divided by mitosis. The
membrane-bound organelles such as chloroplasts, mitochondria, golgi bodies and endoplasmic
reticulum, are present in cytoplasm.

Cell wall

Basically an eukaryotic cell of algae is chiefly composed of cellulosic or silicified
materials. In green algae, .the cell wall is cellulosic; in yellow green algae it is chiefly pectic
while in brown algae, certain additional compounds like alginic acid, fucoidin, fucin and
hemicellulose occur very prominently. In red algae, the cell wall is made up of cellulose and
pectin but in the diatoms the valves are composed of hydrated amorphous silica within a pectin
like matrix.

Plastids

In eukaryotic cell of Chlamydomonas, there is a single double membrane =bound cup-
shaped chloroplast occupying two-third of cell at posterior end. .In all green, algae, these
photosynthetic organelles contain chlorophyll a and chlorophyll b. In some cases" chlorophyll b

" is replaced by' chlorophyll c, d or e. Chloroplast contains photosynthetic lamellae and colourless
granular stroma. In red algae, the single lamella is widely separated while in other groups, the
lamellae are stacked into bands. Brown algae usually possess 3 thylakoids in a band while in
green algae, the range varies from 4-6 thylakoids per band. Recent studies showed that histone-
free DNA, messenger and] transfer RNA, ribosomes also occur in the chloroplasts and other
chromatophores. .
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.~~-!\~~++1+-- GOLGI APPRATUS

- RIBOSOMES

~~f1t:1lir.f...IJL-CHLOROPLAST
~"-~I"!'!"..a/~~~~~++~- STARCH PLATE

~~~;:::~I-h~-. PYRENOIO

~~~~~~--~ UWELLAE

Fig. 1.2. A. Ultrastructure of eukaryotic cell (Chlamydomonas); B. Transverse section of
, flagellum seen under the electron microscope.

The number, position and shape of the chloroplast or chromatophore vary in different
group of Algae. A single chloroplast occurs in Zygnematales and Charales while in many
others, the number is usually more than one cell. The plastids may be cup-shaped, girdle-
shaped, spiral, stellate, discoid or plate-like in different species of algae.

. '
Pyrenoids with starch sheath occur commonly in a number of genera of green algae such

as Chlamydomonas, Hydrodictyon, Oedogonium, Spirogyra, Ulothrix, Voiv~x: Zygnema, etc.
These structures are' found lying within or on the surface of aplastid and contain densely packed
proteinaceous fibrils inthe central core. . ' , . .
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Stigma (Eye-spot)
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Stigma occurs usually within the plastid in the anterior part of the motile cell
(Chlamydomonas) or near the base of the flagellum. It isa reddish streak or a small dot-like
body. It is served as photoreceptive organ and involved in phototactic movement of the cell.

Nucleus

In eukaryotic cells, the genetic apparatus is represented in. the form of a well organized
nucleus with outer and inner membranes. In Euglena, the two nuclear membranes are widely
separated by a perinuclear space. Within a nucleus, there are chromosomes but no organized
chromosomes occur in dinoflagellates. Majority of green algae are uninucleate; however the
taxa belong to orders Cladophorales, Siphonales and Charales are multinucleate (coenocytic),

Mitochondria

Mitochondria are sites for the localization of the chief respiratory enzymes. A
mitochondrion is bounded by a double membrane, of which inner one is folded and projects into
the central cavity. The mitochondria also possess DNA, RNA and ribosomes as in the
chloroplast.

Dictyosomes (Goigi apparatus)

Dictyosomes occur in stacks of 2-20 smooth lamellae (cisternae) and collectively form
the golgi apparatus. Generally, they are found associated with the nucleus, chloroplast or the
base of the flagella. There are evidences shown that golgi apparatus in Algae play an important
role in the formation of wall and also scales in Haptophyceae and Prasinophyceae.

Endoplasmic reticulum

In eukaryotic algal cell, the enure cytoplasm is traversed by a well-organized system of
tubules and vesicles, commonly referred to endoplasmic reticulum. These structures are
associated with the protein synthesis.

Vacuoles

Eukaryotic algal cell commonly possesses one or two vacuoles bounded by tonoplast
membrane. They play an important role in osmo-regulation of water and solutes. In motile cells
of the green algae, there are usually two contractile vacuoles which alternate contraction and
expansion, and expel out the excess water and waste materials.

Table 1.1 Some properties of Prokaryotes and Eukaryotes

Characters Prokaryotic cell Eukaryotic cell

1. Size upto 10 urn upto 100 urn
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2. Membrane-bound organelles Absent Present
3. Cell wall Generally present Present or absent
4. Endoplasmic reticulum Absent Present
5. Golgi bodies Absent Present
6. Ribosomes 70s (50s + 30s) 80s (60s + 40s)
7. DNA genome Usually single, circular Many DNA molecules

DNA molecule
~- --

associated with histones in
definite chromosomes

8. Spindle or mitotic figures Absent Present
9. Location of phosphorylative Cell membrane Mitochondria

cell respiration
10. Location of photosynthesis Cell membrane (or) I Chloroplasts

thylakoids
II. Reproduction Fission, fragmentation, Mitosis, meiosis, true

parasexual phenomenon sexuality
(amitosis)

12. Chrloramphenicol inhibits Yes No
protein synthesis

13. Cyclohexamide inhibit protein No Yes
synthesis

Flagella

Many unicellular and multicellular colonial forms are motile through out their life cycle.
There are motile sexual zoospores and gametes in a large number of eukaryotic algal groups
except red algae. Motility is brought about by the lashing action of flagella.

Depending on their morphology, motile bodies possess two types of flagella, viz., (I)
acronematic or whiplash type which are smooth (Fig. 1.3A), and (ii) pantonematic or tinsel or
flimmer type which bear longitudinal small hairy or filamentous appendages (Fig. 13B).
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, "

A R
Fig. 1.3. A, Acronematic type (common in Chlorophyta); B, Pantonematic type (common in

Chrysophyceae and Phaeophyceae)' ..' . ,

The flagellum arises from blepharoplast, a granular structure situated usually' anteriorly
in the cytoplasm at the margin. The inner care of the flagellum is composed of a pair of singlet
fibrils. These are surrounded by a peripheral cylinder formed of 9 doublet fibrils. .So the
flagellum has got 9+2 configuration of fibrils enveloped by a sheath (Fig, l,.2B). " , ,." -, '

In Chlorophyta, the flagella are 2,4 or many in a whorl, which arise anteriorly and are"
smooth and equal in length. In Xanthophyta and Phaeophyta, each motile .cell possesses two.
unequal flagella of which one is acronematic and ather pantonematic type. The fonner, type
arises.anteriorly and latter one posteriorly or laterally. '

Range of thallus oraanization
, Algae show a wide range of variation in thallus organization. Basically, thallus

organization is of two types, the unicellular and the multicellular. The wide range of forms that
algae exhibit arises from a modification or elaboration of these types. ' . '

(i) Unicellular Algae ' '. (,'
Large number of unicellularfa~~ are fau~d-' in major groups of algae such as

Cyanophyta, 'Chlorophyta, Bacillariophyta and Rhodophyta. However, unicellular f9IWs may be
motile or non-motile. . '
(A) Unicellular Motile: The motile forms are of two types, the flagellated type, moving by
means of flagella (found in all phyla except the Cyanophyceae, Pro chlorophyceae and
Rhodophyceae) and, the rhizopodia kind, having the fine prataplasmic projections (rhizopodia) _4!~

and showing an amaebaidmavement (Tribaphyceae).

the flagellated cells may have a rigid cell wall or periplastic as in Euglena. The flagella .'
may be one in Chromulina or two and equal as in Chlamydomonas (Fig. 1.4A) , or' two and

unequal, e.g., Cryptomonas.

In same flagellates,external to. the periplast there is a calcareous envelope and they are
called encapsulated farms, e.g. Chrysococcus.
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(B) Unicellular Non-motile: Unicellular non-motile algae are coccoid genera which lack both
flagella and pseudopodia. However, these forms usually bear a thick cell wall <asin Chlorella
(Fig. lAB) and Chroococcus (Cyanophyta). Unicellular non-motile forms also found in
Bacillariophyceae, Xanthophyceae (Chariciopsis) and Rhodophyceae (Porphyridium). The
smallest known eukaryotic algae is Micromonas pusilla.

(ii) Multicellular Algae

Depending on the manner in which cells are produced and arranged during vegetative
phase, three principal types are recognized. These are colonial, filamentous and siphonous.

A. Colonial forms: A colony is a group of separate cells generally similar in structure and
function and aggregated by a mucilaginous envelope. There are four main types of colonial
organization - coenobial, palmelloid and dendroid.

Coenobial type - A coenobium is known to possess a definite shape of the colony and a
constant number of cells arranged in a specific manner. The coenobium may be motile or non-
motile. There is no. division of cells during vegetative phase of thecolony and the cells <are
embedded in the mucilaginous matrix. In the motile forms, the cells are flagellated, e.g., Volvox
(Fig. lAC). In the non-motile, the cell are coenocytic, e.g., Hydrodictyon (Fig. lAD). ;

Palmelloid type ., Contrary to the cocnobium type, in palmelloid forms, <neither the
number of cells nor the shape and size of the constituent cells, are constant. All the cells are
held together in the mucilaginous matrix and give the irregular outline of the thallus, e.g: <
Tetraspora (Fig. IAE), Aphanocapsa (Cyanophyta).

Dendroid type - In the dendroid forms, cells are united in a branching manner by the
localized production of mucilage at the base of each cell. The whole colony looks like a tree in
habit, e.g., Ecballocystis (Fig. IAF) and Ecballocystopsis, both belong to Chlorophyta. .

B. Filamentous forms: A uniseriate row of cells joined end to end in a transverse plane
through middle lamellae constitute a trichome. When this trichome surrounded by sheath, is
referred to as a filament.
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Fig.I.4. Range of thallus structure in algae.

A, Chlamydomonas, unicellular flagellated motile cell; B. Chlorella unicellular, non-motile coccoid cell; C. Volvox,
multicellular flagellated motile coenobium; D. Hydrodictyon multicellular non-motile coenobium; E. Tetraspora,
palmelloid colony; F. Ecbellocystopsis, dendroid colony; G. Ulothrix, unbranched filament; H. Fritsch iella ,
branched heterotrichous filament; J. Ectocarpus, branched filament. (Based on Fritsch, 1935),

Unbranched filaments - A filament may be unbranched, e.g., Anabaena, Nostoc,
Oscillatoria of Cyanophyta and Oedogonium, Ulothrix (Fig. lAG) of Chlorophyta. Some
filamentous taxa exhibit distinct polarity with the trichomes tapering towards the tip, e.g.,
Rivularia.
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Branched filaments - The branching of the filaments is of two kinds - false and true.
In false branching, which occurs in Scytonemataceae (Cyanophyta), the trichome generally
fragments due to the degeneration of an intercalary cell (or by the formation of biconcave
separation discs), after which one or both of its ends adjacent to the dead cell grow out of the
parent sheath, giving the resemblance of branching, e.g. Scytonema.

True branching results from repeated transverse divisions of the lateral outgrowth
produced on the main filamerit. The truly branched thalli are of following types: (1) simple
branched filament, e.g. Cladophora; (2) heterotrichous, in which the thallus is differentiated into
an erect and prostrate system of branched filaments, e.g., Coleochaete, Fritschiella (Fig. l.4H),
and Draparnaldiopsis of Chlorophyta, Ectocarpus of Phaeophyta Batrochospermum of
Rhodophyceae and Stigonema of Cyanophyta. In Draparnaldiopsis, the prostrate system is well
developed. Fritsch opined that the first land plants might have arisen from the algae exhibiting
heterotrichous habit; and (3) Pseudoparenchymatous in which the thalli show uniaxial or
multiaxial construction, e.g., Batrachospermum (uniaxial), Polysiphonia (multi axial) (Fig. 1.5B)
etc. In multi axial pseudoparenchyma, the branches of many axial filaments aggregate in
juxtaposition, e.g. Nemalion. The central filaments give rise to lateral branches. The branches
become compact and is called cortex, e.g., Codium, Polysiphonia.

C. Siphonous forms: The filamentous habit without occurrence of septa and presence of
coenocytic condition constitute the siphonous structure of the thallus. Such condition results into
larger thalli in some genera. Many workers considered these genera as acellular or unicellular
forms, e.g., Dichotomosiphon of Chlorophyta (Fig. 1.5A) and Vaucheria of Xanthophyta (Fig.
l.5D).

D. Parenchymatous forms: Parenchymatous condition of a thallus results when uniseriate
filaments show potentiality of cell division in more than one plane. In these forms growth takes
place in four ways - diffuse, intercalary, trichothallic and apical. In simple filamentcus forms
such as Ulothrix and Nostoc, the growth of thallus is diffuse because each vegetative cell is
potentially capable of growth and division. In trichothalic growth, the cells at the base of a hair-
like branch are meristematic, e.g., Rivularia. A good example of intercalary growth is
Laminaria in which growth of the thallus is brought about. by the meristem located at the
junction of the stipe and the blade. The thalli of the Charophyceae, Dictyotales and certain other
algae grow by the activity of a single or a group of apical cells.
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Fig. l.5 A. Dichotomosiphon, B. Polysiphonia, C. Laminaria, D. Vaucheria, E. Ulva

I·
I
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The thallus in these forms ~ay be' foliage and flat (VIva, Porphyra) or tubular

(Enteromorpha). In brown algae parenchymatous habit is well-developed. The thallus is
differentiated into central columella, middle cortex and outer meristoderm. Other examples are
Macrocystis, Fucus etc.

-
5. Reproduction in Algae

Reproduction actually means the production of young ones similar to the parental
individuals. The chief objective of-the reproduction, therefore, is the perpetuation of the species
and consequently its increase in number of the individuals in geometric ratio. The reproduction
in algae is by vegetative, asexualand sexual methods .:. .

ti) Vegetative Reproduction

(A) Fragmentation ~ The plant body breaks into several fragments and each such fragment
develops into an individual. .This is very common in filamentous forms belonging to the order
Ulotrichales (Chlorophyta), i.e., Hormidium (Fig. 1.6A), Stichococcus, Ulothrix etc. The
fragmentaiton of colonies also takes place in several blue-green algae, e.g.; Aphanocapsa,
Aphanothece, Nostoc etc.

(B) Budding - In. some genera of Chlorophyta, i.e., Protosiphon, the vesicle gives rise a
lateral bud (Fig. 1.6B) .. This small lateral bud becomes separated and develops into an adult
individual.

(C) Hormogonia (hormogones) formation - The trichome breaks into small pieces of two
or more cells. These small pieces are known as hormogones. Each hormogone develops into a
new individual, e.g., Anabaena, Lingbya (Fig. 1.6C), Nostoc, Oscillatoria, Scytonema etc.

,.. ',. • 1 • •

(D) By adventitious th~lIi' .: C'ertain special structures, known as propagules, formed from
the thallus, are involved in ve~etative reproduction, e.g., Nereocystis, Sphacelaria (Fig. 1.6D)
etc.

(E) Akinetes (resting spores) formation - Akinetes are resting cells which mainl: serve as
a means of perennation rather 'than multiplication. The protoplasts of the vegetative cells
become rounded and possess a thick cell wall. .These thick-walled cells are separated from the
parental plant and withstand unfavourable conditions. Thus they help in perennation. Akinetes
are common in Cyanophyta members, such as' Anabaena, Gloeotrichia, Nostoc and also in
Pithophora (Fig. 1.6E) of Chlorophyta.
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Fig. 1.6. Vegetative and asexual reproduction in algae.

A. Hormidium, fragmentation of a filament; B. Protosiphon, stage in bUddfng of a vesicle; C. Lyngbya, filament
with h~rmogon~a; D. Sphacelaria, propagule;. E. Pithophora, filament wit~ a termin~l and inter~alary akinete; F.
Ulothrix, quadriflagellate zoospore; G. Ulothrix, aplanospores; H. Scenedesmus, showing production of autospores;

,I. Protosiphon, vesicle with hypnospores; J. Chamaesiphon, exospores; K. Dermocarpa, endospores; (C-After
Smith, 1955; rest after Fritsch, 1935). I
(ii) Asexual Reproduction

Asexual reproduction takes place by several methods.

Motile spore (zoospore) formation: The spores are reproductive units specialized for asexual
reproduction. During favourable conditions, each spore can grow into a new organism. These
spores with flagella are capable of swift movement. The factors which influence the zoospore

I
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formation are: (1) temperature changes, (2) light intensity variation, (3) water flow, and (4)
concentration variation of culture medium.

The zoospores are tiny, naked masses of protoplast fumished with fine protoplasmic
threads, the flagella. In some genera, e.g., Ulothrix (Fig. 1.6F), Dreparnaldiopsis and
Fritschiella zoospores are quadriflagellate while in others, e.g., Oedogonium they bear a crown
of flagella. After a brief swimming, zoospore settles down on a suitable substratum, regenerates
its cell wall and develops into a new individual.

'Non-motile spores: Asexual reproduction takes place by variety of non-motile spores, such as
aplanospores, autospores, hypnospores, cxospores, cndospores and tetraspores.

Aplanospores - They are produced in the same manner as zoospores. They are non-
flagellate and non-motile, and produced during the drier conditions of the environment. The
protoplast of vegetative cell divides repeatedly and gives rise aplanospores. These are liberated
out and germinate to give rise new individual during favourable conditions. Aplanospores are
common in Chlorophyta, e.g., Chlamydomonas. Ulothrix (Fig. 1.6G) etc.

Autospores - They are the non-motile spores similar to the parent cells but smaller in
size, e.g., Chlorella, Scenedesmus (Fig. 1.6H) etc. The contents of cell divide into 2, 4, 8
sometimes 16 daughter protoplasts. Each daughter protoplast rounds-off to form an non-motile
autospore.

Hypnospores - They are nothing but very thick-walled aplanospores and produce during
adverse conditions, e.g., Protosiphon (Fig. 1.61).

Exospores - They are the exogenously formed naked spores. In certain epiphytic
Cyanophyta, e.g., Chamaesiphon (Fig. 1.61), the cell membrane bursts up at the apex, and the
exposed protoplast becomes fragmented to give rise spherical spores known as exospores. They
are surrounded by a delicate membrane. They germinate whenever the host is available.

Endospores - They are endogenously formed spores. In some genera of Cyanophyta,
endospores are formed by successive divisions of cell contents in' three planes. These fragments
of pro top lst increase in size and on liberation they regenerate the cell wall. In Dermocarpa (Fig.
1.6K) the entire protoplast of a cell forms a single endospore.

Tetraspores In Polysiphonia (Rhodophyta) tetraspores are produced on
tetra sporophyte (Fig. 7.SE, F). The nucleus oftetrasporangium undergoes meiosis and gives rise
4 haploid, motioniess spores. The resultant tctrasporcs germinate to produce t'NO kinds of
sexual plants of the gametophytic generation.
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(iii) Sexual Reproduction I
Sexual reproduction involves the union of two gametes of opposite sex to produce the

zygote. Such condition is not prevailed in the prokaryotes, such as bacteria and blue-green
algae. However, In bacteria, there are definite records of genetic recombination. Parasexuality
or genetic recombination of similar nature appears to take place lin a few genera, viz., Anabaena,
Anacystis and Cylindrospermum, among Cyanophyta under certain controlled conditions in
culture (Kumar, 1999). Thus, the sexual reproduction among lalgae indicates a comparatively
advanced phase in the process of sex.

, Sexual reproduction may be: (A) isogamous, (B) anisogamous, and (C) oogamous.
(A) Isogamous: It is the simplest and primitive type of sexual reproduction. The two

opposite gametes possess similar or identical morphological features (Fig. 1.7A). These gametes
are normally naked and non-flagellated or non-motile. The non-motile ones show amoeboid
movement and are known as aplanogametes. The gameteslare ordinarily produced as the
zoospores by the divisions of the protoplast in the ordinary vegetative cells but these are always
smaller in size than the zoospores. ' . I '

Fig. 1.7. Sexualreproducnon in algae
A, B. Chlamydomonas. A, fusion of two opposite isogametes;, B, fusion of two opposite
anisogametes; C. Oedogonium, oogamous sexual reproduction.ia spermatozoid .seen near a non-
motile female gamete, ovum (egg) wihtin oogonial wall (All based on Fritsch"1935).

Among isogamous forms, these two fusing gametes cobe'from two different individual
I

thalli, i.e., functionally they are dioecious, they are termed a~ plus (+) or minus (-) strains or
mating types. It is very common in Siphonales of green algae and in Phaeophyta. In some
unicellular Chlorophyta, e.g., Chlamydomonas, the mature adult cell may turn into a single
gamete. Such condition is known as hologamy.

In Spirogyra, the fusing gametes are morphologically similar but dissimilar in their
behaviour, such a physiological anisogamy is a step towards anisogamy.

In Ectocarpus siliculo;us (brown algae), gametes are identical but at the time of fusion
one gamete. becomes passive and is surrounded by a large number of so called male gametes.

, , • , " I
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The passive gamete may be designated as female. This mode of fusion is called clump
formation (Fig. 6.7C).

It has been suggested that in isogamous sexual reproduction each strain secretes its own
specific type of chaemotactic substance. The act of fusion in isogamy is called conjugation and
the fusion product is known as zygospore. .

(B) Anisogamous: In some algae, the two opposite gametes are not only genetically
distinct, but they also differ in size, motility and behaviour. Large number of small size gametes
are active (male gametes) whereas fewer number and larger in size gametes are more passive
(female gametes). They are' derived from different thalli. Fusion of these two dissimilar
gametes is known' as anisogamy, e.g., Chlamydomonas (Fig. 1.7B), Pandorina etc., and
members of Phaeophyta. .

(C) Oogamous: It is the highest and most advanced stage of sexual reproduction and it
is found in the filamentous forms. The gametes are produced in special sexual organs which are
sharply differentiated from the ordinary vegetative cells. The female sex organ, known as
oogonium, produces a single ovum and male reproductive structure, antheridium, produces one
or more male gametes furnished with flagella (Fig. 1.7C).

The most complex reproductive structures are present in Chara and Nitella. Male and
female reproductive structures are called globule and nucule respectively (Fig. 3.20A). In
Rhodophyta, non-motile, male gametes are called spermatia; female reproductive structure is
known as carpogonium (Fig. 7.5A).

The ovum, with the exception of Fucales, is retained within the oogonium. The male
gamete gains entrance into the oogonium through an aperture in its wall. As a result of fusion of
two gametes, zygote is formed. This zygote develops either directly or undergoes meiosis to
give rise new adult individual. .

In Cyanophyta true sexuality is absent but genetic recombinations take place.
I , . l .

The reproduction in algae indicates that there has been a progressive change from
isogamy~o anisogamy ~rid I~rom anisogamy to oogam~. T~is progres~ion appears to have
evolved independentlyjn different groups of algae including Chlorophyta, Xanthophyta,
Bacillariophyta and PhaeophYta.· . .' - .

",' i' ',' I .
6. Origin and Evolution of Sex

, se~ual.rep~Od~Ctioi, in~olvesthe union and fusion' of two hapl~i~: gametes. These
gametes, are called maie add female or plus and minus gametes. They may be isogametes
(rnorphologicalty 'siinilar) 6r-anisogaJi1etes':' (morphologically dissimilarj.iThe gametes are

. , .. usually naked and products of the reduction ·cfivision. Asa result of fusiont''zygote is formed.
This zygote germinates to gire rise the offspring. In some cases, in which plant body is haploid, .

) ,

.~
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zygote undergoes meiosis, e.g., Chlamydomonas, Oedogonium, Ulbthrix etc. In Cyanophyta,
sexual reproduction is absent. However, genetic recombinations /have been reported in th.is
phylum. The Cyanophyta may be considered as the most primitive group among algae. Also m
Chlorophyceae, some primitive forms, such as Chlorella, Scenedesmus etc., reproduce
exclusively by asexual bodies; others such as Chlamydomonas and dllothrix form asexual motile
zoospores as the chief reproductive structures under favourable conditions and sexual
renroduction takes place in the later stage of the life-history.

From the above discussion, it is quiet evident that the most primitive algae lack sexual
reproduction and asexual reproductive bodies might have given rise to sexual reproductive
structures during the course of evolution. This supports the fa-t Ithat in some' algae such as
C~lamydomonas, Ulothrix e~c., the isogametes are similar to ,sFx~al zoospores which are
slightly larger; the unfused isogametes some times may also ..•11ct1Onas zoospores. In U.
zonata, there are 4 kinds of swarmers viz., quadriflagellate macrpzoospores, quadritlagellate
microzoospores, biflagellate microzoospor~s and bi.flag~llate ga~llet~s. . ~xcept biflagellate
gametes, all the swarmers are able to germ mate to give nse the new individuals. Apparently
they have some quantity of factors responsible for growth into a new individual. But the
smallest swarmer, i.e., gamete usually do not possess sufficient qiiantity of factors for growth
and usually fail to germinate; they have to fuse in pairs to give /rise a zygote. The division
product of zygote ultimately gives rise to a new plant. During the sexual fusion of the two
gametes, the zygote gains enough quantity of factors responsible for the development of the new
plant. The nature of growth factors is, of course is not known so far. Generally, in zoospore
production, the protoplast of parent cell undergoes a lesser numbef of divisions and therefore,
the division-products (zoospores) are larger in their size than gametes. But gametes are formed
as a result of a large number of divisions of parent protoplast. Zoospores are able to. give rise
the new plant upon germination but rarely gametes may produce weak filaments. So the pairing
of gametes is necessary and it is an adaptation to supplement the quantity and level cf growth
fu~rn. I

As far as evolution of sexual reproduction is concerned, isogamous is considered to be
the primitive type found in primitive taxa such as Chlamydomonas! Hydrodictyon, Ulothrix etc.
The next step in the evolution of sexual reproduction is beterogamous in which' two
morphologically, dissimilar gametes fused together, forming the Izygote; the smaller gametes
behave'as the male (active) and larger one as the female (sluggish). In Chlamydomonas monoica,
the female receives the cytoplasmic contents of the male gamete. IIn C. braunii, the two fusing
gametes are of different sizes.

The next step after the heteogamous type' is the oogamor~ which is consIde:ed as tl~e
most advanced type of sexual reproduction. The female gamete IS c~mpletely. p~sslve and IS
known as egg (ovum). Male gamete is much smaller and ve~y. active, and It :s ~~o,:"n as
antherozoid. The process is well marked in Chlamydomonas coccifera. Oogamy IS r'ine :n the
unicellular forms and more cornmon in the filamentous algae./ The eg!S IS prod~c(::d III the
oogonium, e.g., Oedogonium (Fig. 1.6C), Vaucheria etc. In Rho~ophyta highly speclallze~ ty~e
of oogamy is found. Both male and female gametes are non-mottle, a~d ~re known as spermatia
and carpogonia respectively. The carpogonium p~ssesses a long] projectile structure, known as
trichogyne which serves to receive the spermatia (male gametes), e.g., Batrachospermum,
Polysiphonia etc.
7. Life Cycles
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On the basis of number of generations, the life cycles are of three types:

(i) Monophasic (monogenetic): Single phase is dominant and distinct, e.g., Chara,
Chlamydomonas. Volvox etc.

(ii) Diphasic (digenetic): Morphologically two distinct generations are present, eg.,
Ectocarpus. Ulva etc.

(iii) Triphasic (trigenetic): Morphologically three distinct phases or generations are
present, e.g., Batrachospermum, Polysiphonia etc.

On the basis of cytology and morphology, 5 types of life cycles are found in the algae.
They are as follows:

(i) Haplontic: Haploid gametophytic phase is dominant one, whereas the diploid stage is
represented by the zygote. Majority of Chlorophyceae members represents the haplontic life
cycle.

(ii) Diplontic: The plant body is diploid and it is dominant phase in the life cycle.
Meiosis takes place at the time of formation of gametes; so gametes are haploid. The union. of
two gametes results in the formation of diploid zygote which in turn develops into the adult
plant. Diplontic life cycle is common in Bacillariophyta (diatoms), some Siphonales and in
Fucales of Phaeophyta.

(iii) Diplohaplontic: There are two distinct individuals of haploid and diploid
generations, alternating each other in the life cycle. These are two types again.

(A) Isomorphic - In isomorphic diplohaplontic life cycle, both diploid and haploid
plants are morphologically similar, and alternation of generations take place in between these
two plants. The zygote directly gives rise to diploid sporophyte. It produces zoospores only
after meiosis and they germinate to give haploid, gametophytic plants. Haploid plants are
similar to sporophytes and give rise the gametes, e.g. Ectocarpus.

(B) Heteromorphic - When the diploid and haploid plants are' morphologically
dissimilar, the life cycle is called heteromorphic, e.g., Laminaria, in which the sporophyte is
macroscopic whereas gametophyte is microscopic. In Urospora, the gametophyte is large and
dominant while the sporophyte is small in size.

(iv) Haplobiontic: In this life cycle, two haploid generations alternate with one diploid
zygote stage, e.g., Batrachospermum in which two haploid phases, the haploid gametophyte and
carposporophyte, are present.

(v) Diplobiontic: In this life cycle, there are two diploid phases and one haploid phase.
In Polysiphonia, both carposporophyte and tetrasporophyte are diploid in nature. Tetraspores are

3)
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produced on tetra sporophyte after meiosis. The haploid tetraspores give rise the gametophyte.
Both the diploid tetrasporophyte and haploid gametophyte are morIihologically similar.

" ' I' ': >

8~,Economic Importance of Algae
/'

Since algae are the simple photosynthetic plants, they .perform 90% of the total
photosynthetic activity globally. They are intimately connected ~ith human beings as a source'
of food, manure and fodder. They have been exploited in the Cleaning of the environment
(bioremediation of the environment) and also in theurban sewage treatment plants.
(1) Algae as food , '! '

Algae and their products have been eaten in the most maritime 'countries. "They are rich
in proteins, vitamins and minerals. In the Far East and the Pacific Islands, people eat seaweeds
such as Porphyra, Laminaria, Undaria, Gracillaria, Alaria and Asparagopsis. In Japan, about
,20 species of &reen, brown, red and blue-green algae are eaten and total sales of Porphyra
tenera (a red alga) alone amounts to more than 80 million U.S. Dollars per year. Chemical
analysis show that P. tenera has 30-35% proteins, 40-45% carbohydrates and a high percentage
of vitamins A, B, C and E. Another alga, Laminaria growing on stones, cylinders and ropes"

, yields a product known as 'Kombu' or 'Konbu' .. ~Besides~Monostr-0ma, (a gre~n alga)
'cultivating in Japan, yields a product known as 'Aonori'. All these algal products can be served
.as a .staple food for human beings. Some brown algae such as Sargassum and Undaria, and
larger balls of the terrestrial species of Nostoc have been used as food by the Chinese and the
South Americans (Peru).

Among red algae Porphyra, Chondrus, Palmeria, Gelidiella and Gracillaria are
important edible algae in Canada, Japan, Philippines and Korea. They are used insalads, soups
and vegetables. The unicellular algae such as Chlorella, Scenedesmus, Spirulina etc., have been
mass cultured on large scale in many countries. ' I ' , " ' ,
, ,Chlorella and Scenedesmus have been exploited in the spaceships and nuclear submanne
programmes as oxygen regenerating and, food and water recycling organisms.

I
(ii) Algae as fodder and biofertilizer

• • ~,,"~:! .::

. Sea weeds are rich in copper, iron, manganese, b6ron,; cobalt, vanadium' and
.molybdenum. They are used as fodder for livestock and poultry. Gracillaria is used as poultry
feed. Algae such as Ascophyllum, Laminaria and Fucus are' us~d as livestock feed. Spirulina
when feed to fishes, poultry and cattle, their productivity is improved: Mass culture of Spirulina
is gaining importance and this can be used as feed for fish, poultry and cattle.

Blue-green algae grow luxuriantly in the paddy field soils and contribute significantly in
enriching the nitrogen content of the soils. More common nitrogen-fixing genera in the Indian

'rice fields are Aulosira, Anabaena, Calothrix, Cylindrospetmurrr.' Gloeotrichia, Nostoc,
'Scytonema, Stigonema, Tolypothrix etc. .It has been estimated that about 15-48 kg nitrogen per

"hect!lre is fixed iri the rice fields by the activity of these algae. They are known as biofertilizers,
, 'NHrogenfixed''l)'y these algae is utilized by the crop plants. The soil also becomes rich in amino

acids, vitamins and auxin-like compounds. These ingredients serve to improve the growth of
the crop plants.
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(iii) Commercial products from Algae

(A) Alginates: Alginic acid (carbohydrate) is extracted from the cell walls of several brown
algae including Ascophyllum, Durvillea, Echlonia, Fucus, Laminaria, Lessonia,
Macrocystis, Nereocystis, Sargassum, Turbinaria etc. Alginates have been used in the
preparation of flame-proof fabrics and in plastic industries. Alginates are extensively used
in pharmaceutical industry, especially in the preparation of dental impressions, gauze,
material in surgical dressing, and also used as an agent to stop the bleeding. Since alginates '
are non-toxic and possess colloidal properties, they are commonly used in the preparation of
creams, jellys, soups, sauces and antibiotic capsules.

"

(B) Agar Agar: Agar agar is a non-nitrogenous gel like substance extracted from the red algae,
such as Gelidium, Gracillaria, Gigartina, Chondrus, Ceramium etc. Agar is used resgelling
and solidifying agent in the preparation of culture media for culturing bacteria, fungi and
algae. Besides, it is used as stabilizer and emulsifier in food, cosmetics, leather and
pharmaceutical industries.

(C) Carrageenin: This is a polysaccharide extracted from the cell walls of some red algae.
Carrageenin forms colloidal solution with water. It is widely used in the bakery and
confectioneries and also in preparation of creams, soups, sauces, cheese, fruit juice and also
in the clarification of beer.

(D) Diatomite (Kieselgurh): It is the cell wall material of diatoms, forming extensive deposits
and it is called as diatomaceous earth or kieselgurh. It is insoluble, porous and chemically
inert material. It is used in insulating the boilers as it can resist very high temperature.
Alfred Nobel used diatomite as an absorbant for nitroglycerine in the manufacture of
dyanamite. It is also used as industrial filter in sugar refining and brewing industries (see
also Lesson V). '

(IV) Antibiotics and medicine: The well known antibiotic, chlorellin obtained from Chlorella
is effective against a number of pathogenic bacteria. Extracts from Cladophora and Lingbya
can kill the pathogenic Pseudomonas and Mycobacterium. Sodium laminarin sulphate extracted
from Laminaria can be used as blood anti-coagulant. It has been found that the extracts of
Digen{a simplex can be served as antihelmitic.

9. Fossil Algae

Very few fossil algae have been reported till date. Most coccolithophorids belonging to
phylum Chrysophytaare well preserved as fOSSIlsand are known from the lower Jurassic. They
occur abundantly in, many Mesozoic and Tertiary rocks. The group coccolithophorids are
-characterized by the presence of coccoliths, i.e., the external calcitic mierocrystaline plateor
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disc (Fig. 1.8). These coccoliths are much larger than the scales present in members of
Chrysophyta. In fact, ordinary chalk often contains numerous li~tle rosettes of calcite crystals
(about 1 urn diameter); those crystals represent the fossil Cocoliths. The Cretaceous species,
Braarudosphaera bigelowi is unique having survived to the preseht day; most other Cretaceous

I

coccolithophorids must have become extinct by the end of cretaceous itself, with various new
species evolving in the Tertiary. The Tertiary rocks r-Iten harbour a very interesting group
known as 'diacoasters' that are believed to be closely related to coccoliths.

Due to the siliceous nature of cell walls, diatoms (Bacillaniophyta) are well preserved in
the form of fossils. The Centrales have been reported from the Jurassic and the Pennales from
the early tertiary. The first deposits of the Pennales appeared in the late Cretaceous after the
Centrales appeared in the early Jurassic.

,,

Fig. 1.8 Cricosphera roscoffensis, coccoliths (x20,OOb) Courtesy P. Gayral

10. Summary

Classification: In modem systems of classifications many criteria have been taken into
consideration, so that it is possible to understand the interrelationships and phylogeny of algae.
Some of these criteria are: (l) photosynthetic pigments, (2) nature of storage products, (3) nature
of cell wall components, (4) cell ultrastructure, (5) type of flagella.

Fritsch (1935) had divided the algae into eleven classes. Round (1973! classifi~d the
algae into two major groups, viz., Prokaryota and Eukaryota. Cya~ophyta was included 1~ the
Prokaryota. Eukaryota again divided into 12 phyla. He had raised the Charales of Fritsch
(1935) to the rank of phylum.
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Range of thallus organization: Algae show a wide range of variation in thallus organization.
They may be unicellular motile or non-motile ones; multicellular algae include the colonial,
palmeiloid, filamentous and siphonous forms and also highly advanced parenchymatous forms
such as Ulva, Porphyra, Macrocystis, Fucus etc.

Reproduction: The reproduction in algae is by vegetative, asexual and sexual methods. Algal
reproduction indicates that there has been a progressive change from isogamy to anisogamy and
from anisogamy to oogamy. This progression appears to have evolved independently in
different groups of algae including Chlorophyta, Xanthophyta, Bacillariophyta and Phaeophyta.

Life Cycles: On the basis of number of generations, the life cycles are of three types, these are:
(1) monophasic, (2) diphasic, and (3) triphasic. On the basis of cytology and morphology, the
life cycles are: (1) haplontic, (2) diplontic, (3) diplohaplontic (isomorphic or heteromorphic), (4)
haplobiontic, and (5) diplobiontic.

Model Questions

'1iii)
(iv)
v)

(1) Essay Questions
(i) Give an account on thallus organization in Algae.
(ii) Describe the ultrastructure of prokaryotic algal cell and, compare and contrast with the

eukaryotic algae.
Describe the reproduction in Algae and trace out the evolution of sex in algae.
Describe the life cycles in Algae.
Give an account on economic importance of algae.

(2) Short Questions
(i) Fritsch's system of algal classification
(ii) Round's system of algal classification
(iii) Filamentous forms of algae
(iv) Coenobium
'(v) Hetermorphic alternation of generations in algae
(vi) Algae as biofertilizers
(vii) Single-cell proteins
(viii) Kieselgurh
(ix) Fossil algae

Reference Books
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2 PRO CHLOROPHYTA
3 Summary

1. CYANOPHYTA (Blue-green Algae)
(i) Introduction

The blue-green algae differently known as Cyanophyceae (Cyano=blue) or
Myxophyceae (myxo=slime) or Schizomyceae (Schizo=fission) are generally called'
Cyanobacteria due to their similarity with eubacteria. The members of phylum Cyanophyta
have some characteristics differ from other algae in (1) having the prokaryotic cell organization,
i.e., lacking double membraned nucleus, chromatophores and mitochondria; (2) Presence of
characteristic photosynthetic pigments such as chlorophyll a and ~-carotene, biliproteins and
myxoxanthophyll; (3) no flagella but motility is brought about by characteristic gliding action;
(4) presence of specialized cells, known as heterocysts; (5) true sexuality is absent but genetic
recombination occurs; (6) they involve in nitrogen fixation and convert the molecular nitrogen
found in the atmosphere into useful nitrogenous compounds; (7) the unique reserve food
materials are the myxophycean starch and a proteinaceous material cyanophycin; and (8) free-
floating population of microscopic blue-green algae constitute the plankton of eutrophic
(organic rich) lakes, and also oceans.

(ii) Occurrence and Distribution

-
\
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The members of Cyanophyta are cosmopolitan in distribution, occurring throughout the
world. However, they are more common in the tropical part of the world than in the temperate
regions. The blue-green algae, form a significant part of the free floating population which
constitute the plankton of eutrophic fresh water bodies and also oceans. The rice fields in
tropical and subtropical regions provide a very hospitable habitat for the luxuriant growth of
nitrogen-fixing genera such as Aulosira, Anabaena, Cylindrospermum, Scytonema, Tolypothrix
etc,

There are about 1600 species spreading over to 150 genera. The blue-green algae can
withstand and grow in adverse and harsh environment, e.g., Colteronema and Synechococcus are
grown in hot springs. The species of Gloeocapsa, Nostoc, Plectonema, Rivularia, Calotothrix
etc., are grown in fresh water habitats. Some are endophytic, e.g., Nostoc symbioticum, Richelia
intracellularis etc., Nostoc is associated with the thalli of Anthoceros and Anabaena species, and
also with the Azolla. Symbiotic nature is well represented in lichens in which major
components of the thalli are blue-green algae such as Nostoc, Gloeocapsa, Scytonema etc.

Ecological studies on the bare rocks and virgin areas show that the blue-green 'algae are
the pioneer colonizers. They develop the substratum on the rock for the growth of other algae
and higher plant communities.

Fig. 2.1 ChrQQcQccUS, (After Geitfer 1932) IL _

SHEATH(iii) Range of Thallus Organization

The organization of plant body ranges from unicellular
forms (Synechococcusy to relatively large branched heterotrichous
filamentous forms (Stigonema).

Unicellular forms: They are spherical or oval in shape,
e.g., Anacystis, Chroococcus (Fig. 2.1), Gloeocapsa,
Synechococcus etc.

Colonial forms: In most members, the cells after divisions held together in a common
gelatinous matrix to form a loose organization which is termed as colony, e.g., Aphanocapsa,
Aphanothece etc.; colonies may be cubical (Eucapsis alpina), spherical, square and irregular
(Microcystis, Fig.2.2) depending upon the plane and direction in which the cells divide.
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Fig. 2.2

Filamentous forms: The filarrientous form is the result of repeated cell divisions in a;
single plane forming a chain thread surrounded by gelatinous sheath. .

.
Fig. 2.3 Anabaena variabilis (x400; adopted from Kumar, 1999)

n
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Here the term 'filament' includes the row

of cells as well as the surrounding gelatinous
sheath; if it consists of cells without a distinct
sheath, it .is designated 'trichome'. These
filaments are simple and unbranched, e.g.,
Arthrospira, Calothrix, Gloeotrichia, Lingbya
(Fig.2.4C), Oscillatoria (Fig.2.4B),
seudanabaene (Fig. 2.4D), Rivularia (Fig. 2.5)
etc.

.' B ...

c

Fig. 2.4 Unbranched filamentous Cyanobacteria.
A. Spirulina, B. Oscillatoria, C. Lyngbya,

D. Pseudanabaena (AfterRippka et al.,1979).

Among the filamentous forms, Oscillatoria (Fig.' 2.4) possesses the simplest unbranched
filaments without heterocysts and akinites. Lyngbya (Fig. 2.4C) is similar to Oscillatoria, but
the trichome is conspicuously enveloped within a mucilage. sheath. In Spirulina, the cells are
elongated and spirally coiled (Fig. 2.4A). .

TRIOIOMES
c:

Fig. 2.5 Rivularia. Trichome attenuated from base to apex-and possess basal heterocysts
(adopted from B.P. Pandey,'2004f' . .'.'.:,
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Some unbranched' filamentous species possess heterocysts and they' involve in nitrogen
fixation,' e.g.; 'Anabaena, Nostoc etc. In- Anabaena (Fig. 2.6A), .filamentsare uniseriate and
usually straight but iIi planktonic species, -they maybe coiled, circinate or irregularly contorted.
They don't form 'the 'gelat-inouscolony (Fig. 2.3). But in Nostoc, gelatinous colonies appear as
ball-like structures; Filaments are twisted and 'contorted embedding in the gelatinous matrix.
Gliding movement is absent in Nostoc. ' , c ' 1 ,'" ",' '

GERMLING

Fig. 2.6. Anabaena. A.~. -C Filaments with heterocysts and akinetes.
akinetes (based onDesikachary, 1959)

D. Germination of

In another series of blue-greens, the heterocystous filaments show a differentiation into
base and an apex, e.g., Rivularia (fig. 2.5) and Gloeotrichia (Fig. 2.7).

,,',

Fig. 2.7 Gloeotrichia echinulata. Portion
of a sterile colony

Among branched filamentous forms,
Hapalosiphon, Mastigoc/adus and Stigonema

e.g.,
have the
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most highly evolved thallus which is' with true branches and usually possessing heterocysts and
akinetes. In Scytonema and Tolypothrix, filaments possess false branches and-also heterocysts,

The cells in the colonies are independent of one another. There is little coordination of
activity among them and no division of labour. It is obvious that the organization of thallus in
the Cyanophyta has not progressed well. They are considered just at the colonies of individuals
rather than the true multicellular organisms.

(iv) Cell Structure

The cyanophycean cell is characterized by the prokaryotic cell organization (Fig.I.1).
There are no organized nuclei, chromatophores, pyrenoids, mitochondria or true vacuoles.

Cell Wall- The major constituent of cell wall is peptidoglycan. Cell wall is surrounded
by a sheath of mucilage. This sheath functions in protecting the cells from drying and in gliding
.movemcnt of the cell.

Protoplasm - Fibrils of DNA which are not associated with basic proteins (histones),
are located in the central protoplasm. Photosynthetic lamellae (thylakoids) are restricted to the
peripheral region of chromoplasm (Fig. 2.8A). They contain photosynthetic pigments, such as
chlorophyll a, carotenes, xanthophylls and phycobilins.

. Gas vacuoles - Abundant gas vacuoles are distributed through out the cytoplasm. They
art! .pseudovacuoles without having true-protein-lipid membranes and, they are filled with
metabolic gases. The gas vacuoles are of great ecological importance and served to regulate the
buoyancy of the planktonic forms.

Lamellosomes - Lamellosomes are the semicircular group of coiled membranes, similar
to mesosome in bacteria. It is' attached to the plasma membrane and plays an important role in
the septum formation during cell division.

Food reserves - The important reserve food materials are mixophycean starch and a
proteinaceous material, Cyanophycin.

Heterocysts - Heterocysts are larger than the vegetative cells- with thickened walls and .
one or two pores. Each heterocyst is connected with vegetative cell with protoplasmic strands
In heterocyst, only photosystem-I persists which is able to perform cyclic photophosphorylation
and, produce ATP without photolysis and evolution of oxygen. Heterocysts also involve in
nitrogen fixation, as the enzyme, nitrogenase is invariably present only in heterocysts.

Other functions of heterocysts are the fragmentation of filaments, storage of' food
materials, secretion of substances stimulating the growth and cell .division, and control of
sporulation. ' .
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(v) Nitrogen fixation

Numerous blue greens (Cyanobacteria) have got potentiality to fix the elementary
nitrogen present in the atmosphere and convert it into useful nitrogenous compounds which can
be assimilated in them. The Cyanobacteria which fix nitrogen, can be broadly classified into
following three types:

(i) Unicelluar forms, such as Aphanothece and Gloeocapsa, can fix atmosphoric nitrogen
both in aerobic and anaerobic conditions.

(ii) Certain non-heterocystous forms, i.e., Oscillatoria can fix elementary nitrogen only
under anaerobic conditions.

(iii) Heterocystous filamentous forms, such as Anabaena, Aulosira, Cylindrospermum,
. Mastigocladus, Nostoc, Tolypothrix etc., can fix atmospheric nitrogen in both aerobic
and anaerobic conditions. I

The enzyme involved in nitrogen fixation is nitrogenase which is a multi-subunit iron,
sulphur and molybdenum containing enzyme complex. This enzyme catalyzes the reduction of
N2 into Ammonia. It is composed of two chief protein types, viz., Protein I contains iron,
sulphur and molybdenum and protein II has only iron and sulphur. It is sensitive to oxygen. Its
activity requires anaerobic conditions, an electron donor (ferredoxin), magnesium ions, and
fairly high amounts of ATP.

The blue-green algae liberate the nitrogenous compounds into their surroundings and
enrich the soil fertility. They are the promoters of soil fertility, especially Anabaena and
Tolypothrix playa very significant role in increasing the fertility of rice fields in tropical and
subtropical regions.

(vi) Reproduction

Blue-green algae reproduce by various means. The true sexual reproduction is absent
but parasexual phenomenon is observed in few cases.

(A) Vegetative Reproduction

This takes place by various methods.

(i) Fission - It takes place by the formation of a ring like outgrowth which grows
inwards and divides the cell into two daughter cells and eventually they become adult
individuals. .

(ii) Fragmentation - The filament or colony breaks into small fragments and each
fragment develops into adult individ.,«' e.g., Chroococcus, Polycystis etc.



2.8,

• ~"ov-

~::,<,Cyanophyta ... 1B.Sc. Botony \
; ';..' '" ')'

. . ;'... .' . ; '" .-," '\'1"·

(iii) Horrnogonla - In filamentous genera, the main. filamenti:br~a~s into small pieces
called 'hormogonia'. Thehormogonia separate from the parental filament O,¥ 'separation discs'
between two adjoining cells (Fig. 2.8B, C)", ',.',

r-

CHROMOP~SM

f
~,,
: '
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, ,

Fig. 2.8. Oscillatoria sp. Vegetative reproduction. A, Cell structure (detailed); B', formation
ofhormogones; C, hornogones (adopted fr0111B.P.'Pangey, 2004)

• ' • " J, J :~. ~ ,~. ,

. '-',.. ,'~ .. ' ....

(iv) Hormosporesor hormocysts ~ In some forms, e.g., Westiel{a,hO'm1ogQnia develop
thick, lamented, .jugmented sheath around them .during vunfavourable coriditions. Such
multicellular spore-like structures are called hormospores or h6rmb~ysts' or pseudohormogonia
(Fig. 2.9B). Each hormospore germinates during favourablecondtions 'and gives .nse adult
individual. ' " . .' ";;' . ,':, ;' '

(B) Asexual Reproduction

This takes place by following ways.

"

.,
, <
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(a) Akinetes (resting spores) - Akinetes (Fig. 2.9A) are thick-walled cells meant for

perennation. They may be discoidal (Nodularia), spherical (Anabaena, Fig. 2.6B, C) or
elongated (Gloeotrichia, Cylindrospermum). Mature akinetes are larger than vegetative cells
and they are rich with reserve food materials (Fig.. 2.9A). They possess thick walland can
withstand desiccation and, extremes of low and high temperatures.

THYlAKOID
POLYHEDRAL

,GRANULE

A

,T _,HORMOCYST
.;~.. .

"

~:

Fig. 2.9 A. Cyanophycean akinete; B. Westiellopsis with hormocysts.
/

(b) Endospores -.Endospores are produced inside the cell (Fig. 2.10). During their
formation, the cytoplasm of the cell cleaved into several bits. These bits later become
endospores and are liberated. Each endospore germinates and gives rise new adult individual
e.g. Dermocapsa. ' , .
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ENDOSPORES OF Dermocarpa

EXOSPRES of Chaemosiphon .

Fig. 2.10 Asexual reproduction in Cyanophyceae

(Hi) Exospores - Exospores are produced outside the cell by constriction (Fig. 2.10). In
Chamaesiphon (epiphytic on Oedogonium), the exospores are developed from the terminal end.
of the plant in continuous succession.

(vii) Parasexual Phenomenon (Genetic Recombination)

True sexuality is absent but a kind of parasexual phenomenon, known as genetic
recombination was first reported in Anacystis nudulans by Kumar (1962). Since then it has been
confirmed by other workers. Genetic transformation (gene transfer leading to genetic
recombination) for antibiotic resistance characters have been demonstrated in A. nudulans by
others. Genetic recombination differs from true sexuality in that it does not show syngamy Of.

meiosis, however, the function of true sexuality in (i.e., to bring about gene recombination) is
achieved. Besides A. nudulans, genetic recombination has been reported in Cylindrospermum
majus andA'habaena doliolum.

/

(viii) Classification

Fritsch (1945) divided the blue-green algae into 5 orders.

(i) Chroococcales - Unicellular or colonial (palmelloid) forms; reproduction by cell
division and by endospore formation, e.g., Gloeotheca, Microcystis, Synechococcus,
Synechocystis etc.

(ii) Chamaesiphonales - Unicellular or colonial lithophytes or epiphytes exhibiting
marked polarity; reproduction by endospores or exospores, e.g., Chamaesiphon, Dermocarpa
etc.
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(iii) Pleurocapsales - Heterotrichous filamentous species lacking heterocysts;
reproduction by endospores; ~.ormogonia absent, e.g., Pleurocapsa.

(iv) Nostocales - Non-heterotrichous filamentous forms often showing false branching;
heterocysts commonly present; reproduction through hormogonia and akinetes, e.g, Anabaena,
Aulosira, Calothrix, Hydrocoleus Lingbya, Nostoc, Rivularia, Spirulina etc.

(v) Stigonematales - Heterotrichous filamentous forms, mostly with heterocysts,
showing true branching and pit-connections between adjacent cells; Reproduction by
homiogonia and rarely by hormocysts and akinetes, e.g., Stigonema.

(ix) Phylogeny and interrelationship

The blue-green algae are the most primitive among the all algal groups. Fossil evidence
indicates that unicellular cyanophytes had originated in the early Precambrian and the
filamentous forms (including heterocystous forms) probably developed III the middle
Precambrian.

Most scheme of algal evolution show that all the algal groups probably had evolved from
an ancestral cyanobacterium. In their general cytology, genetics and prokaryotic nature, blue
greens seem to be closely related to bacteria, but differ from them in their photosynthetic
metabolism and absence of flagellated stages. Some affinity with the red algae is indicated by
the presence of phycoerythrin and pit-connections and the lack of flagellated cells.

As a whole, blue-green algae are closely related to photosynthetic bacteria in having the
similar chemical composition of cell wall, organization of photosynthetic apparatus and also in
the aspects of hydrogen, nitrogen and sulphur metabolism. Clearly, the blue-greens and the
bacteria are two groups of the same kingdom, Prokaryota (Klein and Cronquist, 1967).

(x) Economic importance

In China and Japan Nostac commune is used as food, locally called as Yuyuchu. Some
blue greens such as Anabaena, Nostoc etc., are useful in reclamation of usar (alkaline) soils.
Their capacity to fix atmospheric nitrogen is utilized in increasing the soil fertility. Tolypothrix
has potential to fix atmospheric nitrogen at the rate of 906 kg/acre/yr. In rice fields, the
productivity increased due to cultivation of Aulosira and Tolypothrix.

2. PROCHLOROPHYTA (Prochlorobacteria)

A typical prochlorophyte, Prochloron didemni resembles 0 the Cyanobacteria in its
general cell structure but differs in lacking phycobiliproteins as well as phycobilisomes. It
contains both chlorophyll a, chlorophyll b, in addition to p-carotene. In this way, it resembles
the eukaryotic green algae.

4)
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Prochloron is one of the largest known unicellular prokaryotes, spherical in shape and
30 urn in diameter. It appears to be obligate symbionts in colonies of some tropical and
subtropical didemnid ascidians (prochordates). It is not normally found as free-living cells in
nature but survive in association with the larvae of symbiotic didemnids. Prochloron is also
quite abundant in coral reefs where it is associated with colonies of Lissoclinum potella (largest
symbiotic didemnid).

Prochloron cell has one or more vacuoles occupy major part of the cells and stacked
thylakoids which again reminiscent of green algal and plant chloroplasts. When alive, the cells
are highly turgid and highly refractile. Upon death, they shrink, become translucent, and release

_ a pinkish exudate and also show the refractive index higher than that of sea water.

Recent molecular analyses indicate that prochlorophytes may have evolved chlorophyll
b and stalked thylakoids independently of the green algae and land plants. However, some
phycologists opined that Prochlorn has no evolutionary significance. It is a part of the
cyanobacteria, and evolved chlorophyll b and lost phycobillins in the course of evolution.

Lewin (1979) had made distinctions among Cyanophyta, Prochlorophyta and
Chlorophyta. (Table 2.1).

Table 2.1. Comparison of characters among Cyanophyta, Pro chlorophyta and Chlorophyta

Characters Cyanophyta Prochlorophyta Chlorophyta
I

\
\ 1) Cell organization Prokaryotic f Prokaryotic Eukaryotic
\2) Plastids Absent Absent Present
B) Thvlakoids Single Paired Paired
4) Chlorophyll b Absent Present / Present
5) Phvclobilisornes Present Absent

,/

Absent
6) Biliproteins Present Absent Absent

(3) Summary

1. Cyanophyta

The blue-green algae are generally known as Cyanobacteria due to their similarity with
eubacteria. They possess prokaryotic cell organization, lacking double membrane nucleus,
chromatophores and mitochondria.

The blue-green algae form a significant part of the floating population which constitute
the plankton of eutrophic fresh water bodies and oceans.

Thallus organization: The organization of plant body ranges from unicellular forms
(Synechococcus) to relatively large branched heterotrichous filamentous forms (Stigonema).
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Trichomes surrounded by gelatinous sheath are called filaments. Some of these filamentous
forms are simple, unbranched, e.g., Oscillatoria, Spirulina, Lingbya, Gloeotrichia etc., and some
are branched, e.g., Haplosiphon, Mastigocladus etc. These filamentous forms possess
heterocysts which are responsible for nitrogen fixation.

Cell Structure: The cyanoplycean cell is characterized by the prokaryotic cell
organization. Photosynthetic lamellae (thylakoids) are restricted to the peripheral region of
chromoplasm. Gas vacuoles (pseudovacuoles) present in cytoplasm serve to regulate the
buoyancy of the phytoplanktonic forms.

Nitrogen fixation - Numerous blue-greens have got potentiality to fix the elementary
nitrogen present in the atmosphere and convert it into useful nitrogenous compounds. These
compounds are liberated into surroundings and enriching the soil fertility: They are the
promoters of the soil fertility, e.g., Anabaena, Tolypothrix etc.

Reproduction - Blue-greens reproduce by various means, such as fragmentation,
hormogonia, akinetes, endospore and exospore formation. True sexuality is absent, however,
parasexual phenomenon has been observed in few cases, e.g., Anabaena doliolum, Anacystis
nudulans and Cylindrospermum majus.

Phylogeny - The blue-green algae are the most primitive among the all algal groups. In
their general cytology, genetics, prokaryotic nature .and cell wall chemical composition, blue-
green algae are closely related to t~e bacteria.

2. Prochlorophyta

Prochloron is one of the largest known unicellular prokaryots associated with the
colonies of some tropical and subtropical didemnid ascidians (Prochordates). It is also
associated with coral reefs. It resembles the cyanobacteria and eukaryotic green algae in
possessing the chlorophyll a, chlorophyll b and ~-carotene but differs in lacking phycobilisomes
and phycobiliproteins.

Model Questions

(1) Essay Question

(i) Write comprehensive account on thallus organization and reproduction in blue-green algae.

(2) Short Notes

.. Nitrogen fixation in blue-green algae
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I

(ii) Ultrastructure of Cyanophycean cell
(iii) Occurrence and distribution of blue-green algae
(iv) Phylogeny and interrelationships in Cyanophyta
(v) Classification of Cyanophyta .
(vi) Prochloron
(vii) Compare the Cyanophyta with that of Prochlorophyta and Chlorophyta ..
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Summary
CHLOROPHYTA (Green-Algae)

1. Introduction

The class Chlorophyceae of division Chlorophyta is characterized by the presence of
eukaryotic cell organization. The green colour of thallus is due to same pigments as in higher
plants. The chloroplasts in which these pigments located, are of different shapes. The pigments
are chlorophyll a, chlorophyll b, various carotenes and xanthophylls including lutein,
violaxanthin, neoxanthin, astaxanthin and fucoxanthin. Starch is the reserve food material in
this group of algae. The cell wall is chiefly composed of cellulose. The motile cells, if present,
possess acronematic type of flagella (smooth and whiplash type) of equal length.
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2. Occurrence

Green (or grass-green) algae occur widely in fresh and marine water habitats. About
90% of Chlorophyceae are fresh water and the remaining 10% are marine. Most of the
Ulvaceae and Siphonales grow in sea water. The order Conjugales is exclusively fresh water.
The members of Volvocales and Chlorococcales are the components of planktonic flora. The
species of Vaucheria are commonly attached to rocksin mountain cataracts. Coleochaete grows
on aquatic plants and grasses. The species of Cladophora grow on mollusc shells. The cryo
algae are found upon ice and snow. Chlamydomonas nivalis is the main cause of red snow in
U.S.A. Chlorella is endophytic and grows inside the tissue of Hydrilla. Cephaleuros virescens
causes 'Tea Rust' on tea plants in Assam and other parts of North-Eastem region.

Some of the green algae grow symbiotically in the thalli of lichens along with fungi,
these are Treboxia, Chlorella, Coccomyxa etc.

3. Range of thallus organization

The thallus exhibit a great variation in its habit and structure, ranging from a motile or
non-motile cell through colonial, filamentous, parenchymatous and siphonous habits to the
highly evolved heterotrichous filament. This highest type of specialization seems to be attained
in the genera such as Draparnaldiopsis and Chara (Charophyta) which have highly
differentiated and complicated thallus. In general, the plant body does not show any
differentiation into true root, stem and leav~s. For this reason, the plant body of the algae is
called thallus.

(i) Unicellular forms:
--

They may be. unicellular motile, e.g., Chlamydomonas and unicellular non-motile, e.g.,
Chlorella, Chlorococcus etc. Non-motile unicellular forms are called coccoid forms.

(ii) Colonial forms:

fhallus consists of loose assemblage of cells, mechanically held together in the
gelatinous matrix, forming the colony. The colony may be plate like or hollow sphere and it
may be motile or non-motile.

In motile colonial forms, definite number of cells held together in the mucilaginous
sheath and motility is brought about by lashing movement of flagella, e.g. Gonium sociale is a
4-celled colony and G. pectorale is 16-celled; Pandorina is8-celled, Eudorina 32-celled (Fig.
3.1) and Pleodorina 32-128-celled (Fig. 3.2) colonies. Volvox is the highest evolved colonial
form and consists of 500-50,000 cells. Only a few cells are reproductive and the rest are
vegetative colony of definite number of cells arranged in a specific manner and forming a
integrated thallus and it is also called Coenobium.
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Fig. 3.1 Eudorina elegans

Fig. 3.2 Pleodorina mature colony.

Non-motile colonial forms are: Hydrodictyon, Pediastrum, Tetraspora, Scenedesmus etc.
They are also called pamelloid forms. In Chlamydomonas, the pamelloid phase prevails
temporarily.
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(in) .Siphonous or Coenocytic thallus

In this case, the unicellular thallus is enlarged to form a non-septate multinucleate
(coenocytic) sac-like or tubular structure. In Acetabularia and Characium, single nucleus lies in
the base of the stalk; in both the cases as the unicell reaches maturity and enters the reproductive
phase, the nucleus undergoes division to form coenocytic condition. It happens for a short time
only. Contrary to this, Protosiphon is permanently coenocytic.

In Caulerpa, the thallus is differentiated into a creeping structure resembles the rhizome
and erect leafy shoots (Fig. 3.3). The rhizoids anchor the plant to the substratum. The stolons
produce upright fronds which may be leaf-like or cylindrical or in clusters. Both the creeping
and upright parts contain mechanical tissues in the form of trabeculae.

A

Fig. 3.3 Caulerpa fastigiata. A, a part of stolon with attaching disc; B, stolon with rhizoids
terminating in coralloid discs; C, t.s. of stolon showing trabeculae, stratified wall, and starch
grains (adopted from Kumar, 1999).
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(iv) Multicellular filamentous forms

In these forms, cells are arranged in a linear rows, called the threads or filaments;
repeated cell divisions take place in a single plane, resulted into filament. They may be simple
unbranched and branched filamentous.

A. Simple unbranched fllamentous forms: They possess a long, thread-like,
unbranched filamentous thallus. Like the colonial thallus, all the cells in the filament are alike,
self-sufficient and independent-of one another, e.g., Spirogyra, Ulothrix, Oedogonium etc.

The thallus of Ulothrix illustrates a step further in the development of a multicellular
<-filamentous forms. As in Spirogyra, the simple filament of Ulothrix consists of similar cells but
it is attached to the substratum at one end by a rhizoidal cell. Like this, there is a beginning of
differentiation of cells accompanied by slight division of labour.

In Oedogonium, thallus represents a step still further in the differentiation of cells
accompanied by division of labour. It is a simple multicellular filament with a branched or
lobed rhizoidal cell. The rhizoidal cell is modified to form a more complex holdfast than the
Ulothrix. The holdfast is expanded into a flattened disc with outgrowths. Besides, the filament
consists of green vegetative cells for nutrition, cap cells for cell division, zoospore formation,
and highly specialized reproductive organs, such as antheridia and oogonia (Fig. 3.4; 3.5).

zoospore

A

B

. C
L-- ,/ ----'----'

Fig. 3.4 Oedogonium. A, Zoospore formation; B, Zoospore with crown of flagella;
C, oogamous reproduction in homothallic macrandrous form (adopted from Kumar, 1999).
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Fig. 3.5 Nanandrous species of Oedogonium.

B. Branched filamentous forms: In these
forms, . thallus is branched filament e.g.,
Bulbochaete, Chaetophora, Cladophora etc. It is
considered as much more advanced multicellular
thallus among green algae. The cells in the main
filament undergo divisions and give rise branches.

Cladophora is profusely branched and
attached to the substratum by septate rhizoid
growing down from the basal part of the filament.
The cells are large, cylindrical, multinucleate and
have an elaborate chloroplast which may form a
continuous reticulate network in younger cells but
may become parietal in older ones (Fig.-3.6).

~ ~--------------------------------.
Fig. 3.6. Cladophorajongianum. A, habit;
B C apical and intercalary cells with parietal, ,

chloroplasts (adopted from Kumar, 1999).
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C. Foliaceous forms: In these forms, the cells divide in more than one plane and give
rise thin, flate and plate - like thallus, e.g., Ulva (Fig. 3.7A, B, C). The thallus is macroscopic
and composed of two layers of parenchyma cells. Several multinucleate rhizoids arise from the
lower cells of the thallus and attach to the substratum. These rhizoids may penetrate between
two layers of the thallus (Fig. 3.7B) and finally attach to the substratum.

-.--~.-.-----------------

A

~i")~

I

I
I

I
I
I
i

I
l

CHLOROPLAST '

RHIZOID

=>::t=~
( ii i) (iv)

Fig. 3.7. Ulva. A. thallus, B. longitudinal section; C, U. lobata formation of gametes; D, male
and female gametes, fusion and formation of quadriflagellate zygote (A, after Bold, 1957; B
after Fritsch, 1935; C, D, after Smith, 1955).

c
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D. Heterotrichous filamentous forms: Heterotrichous filamentous thallus is highly
evolved habit in Chlorophyta. The members of Chaetophorales possess heterotrichous
filamentous thallus, e.g., Coleochaete, Draparnaldia, Draparnaldiopsis, Stigeoclonium etc. In
the heterotrichous habit, the thallus is distinguishable into a basal prostrate system and an erect
system (upright system) composed of branched threads.

In Stigeoclonium and Fritschiella, both prostrate
and erect systems are well developed. In Stigeoclonium,
the prostrate system is generally formed of short cells (Fig.
3.8) and filaments exhibit apical growth. Sometimes
prostrate system is profusely branched to form a compact
pseudo-parenchymatous disc of one layered stratum. The
erect system composed of alternate or opposite, profusely
or sparsely branched filaments (Fig. 3.8). The lateral
branches alternate and terminate into long, multicellular
and hyaline hairs. In Fritschiella, the thallus remains
differentiated into rhizoidal system, prostrate system,
primary projecting and secondary projecting systems.

Fig. 3.8. Stigeoclonium, thallus
showing prostrate and erect systems.

The heterotrichous habit has undergone a variety of modifications by reduction or
elimination of one or other of the system.

In Coleochaete, there is a disappearance of erect system resulted in the discoid type of
thallus, e.g., C. orbicularis, C. scutata (Fig. 3.9A, B), C. soluta etc. Discoidal thallus consists of
loosely arranged branched filaments distinct from one another. However, in C. pulvinata, the
thallus is a typical heterotrichous.

In both Draparnaldia and Draparnaldiopsis there is complete disappearance of prostrate
system and a corresponding elaborate development of the erect (projecting) system. In these
genera, the prostrate system is vestigial and represented by a holdfast. Draparnaldia is
characterized by the (i) presence of a central axis consisting of large barrel-shaped cells, (ii)
highly branche~ whorls of laterals (1imited growth) consisting of much shorter cells, (iii)
branches terminating into pointed cells or long, hair-like setae, (iv) parietal, plate-like
chloroplast with a single pyrenoid and the soft copious mucilage around the entire thallus.
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A B
Fig. 3.9 Coleochaete scutata. A, habit; B, part of thallus showing sheathed setae

(adopted from Kumar, 1999)

1

The thallus of Draparnaldiopsis shows further advancement than the Draparnaldia. The
main filament of Draparnaldiopsis is made up of two kinds of cells, long internodal cells and
short nodal cells. Nodal cells alone bear the laterals of limited growth and also lateral of
unlimited growth. The cell possesses a single parietal chloroplast with several pyrenoids.

4. THE CELL STRUCTURE

The cells of Chlorophyta are eukaryotic in nature having definite nucleus, chloroplasts
and mitochondria. Definite cell wall is present and usually consists of two or three layers. The
innermost layer is made up of cellulose and encircles the protoplast. The outer. layer is
amorphous and made up of pectic substances. In planktonic forms, more pectic material is
secreted and dissolved in water resulting into a mucilaginous envelop around the cell.
Sometimes, the outer layer is encrusted with calcium carbonate as in Siphonales and Charales.
A third layer is chitin outside the pectic layer as in Cladophora an -Oedogonium.

The protoplast is covered by a thin plasma membrane. Usually the cells are uninucleated
but in Cladophorales, Siphonales, Sphaeroplea and Charales, the cells are coenocytic
(multinucleated cells). The nucleus is bounded by double-layered porous nuclear membrane.
Inside the nucleus, one or more nucleoli and chromosomes are present.

Chloroplast - There is a great diversity in number, morphology and arrangement of the
chloroplasts (Fig. 3.13 A, B); this has been interpreted to suggest the evolutionary tendencies
among different orders of phylumChlorophyta. The order Volvocales is characterized by the
presence of a single, cup-shaped or bowl-shaped chloroplast per cell with one or more
pyrenoids; rarely an axile and stellate (Chlamydomonas arachne, C. eradians) or reticulate
iSphaerella lacustris) chloroplast may be found. In Chlorococcales, a single parietal chloroplast
with usually a single pyrenoid is present. A reticulate chloroplast with several pyrenoids is
characteristic of Cladophora, Hydrodictyon (Fig. 3.11) and Oedogonium. A parietal ring, collar
or girdle shaped

'.
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chloroplast containing, a few pyrenoids is found in many Ulotrichales. In Chaetophorales, a
parietal chloroplast having a variable number of pyrenoids is found. In more advanced members
of this order, e.g., Draparnaldia and Draparnaldiopsis, the central cells of the main axis have a
diminutive chloroplast restricted to the middle of the cell. In Conjuga1es, three basic types of
chloroplasts are found, viz., (1) a flat axile plate with several pyrenoids, e.g., Mesotaenium and
Mougeotia. (2) a pair of axile stellate chloroplasts, each with a single pyrenoid, e.g., Zygnema .
(Fig. 3.12) and (3) one or few spiral, ribbon-shaped chloroplasts, each with many pyrenoids,
e.g., Spiroggra (Fig. 3.12). In Siphonales and Charales, many discoidal chloroplasts with or
without pyrenoids are found.

CENTRAL
VACUOLE

CYTOPLASM

Fig. 3.11 Hydrodictyon, an enlarged cell

The chloroplast consists of numerous tube-like paired lamellae. These lamellae are
arranged one above the other to form the stacks. In between the stacks, ribosomes are located
and these ribosomes are smaller in size than that of cytoplasmic ribosomes. 'The pyrenoid of the
green algae commonly consists of a proteinaceous core which is surrounded by minute plates of
starch. \ .
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Fig. 3.12 Spirogyra, an enlarged cell
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Fig. 3.13 Ultrastructure of chloroplasts of Chlamydomonas.
A, discoidal chloroplast; B, cup-shaped chloroplast.

The Pigments - The most important pigment of Chlorophyceae is chlorophyll a. Othei
pigments such as chlorophyll b, carotenoids and xanthophylls are also present: Phycoporphyrin
is recorded from several Conjugales. Fucoxanthin has been found in Zygnema pectinatum.

Contractile vacuoles - Usually there is a single large central vacuole bounded by a thin
membrane. However, in motile genera there are two contractile vacuoles at the anterior end of
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the cell just near the base of the two flagella. The vacuoles are involved in osmoregulation,
removing excess of water and excretory wastes of the cells.

The other cell organelles such as mitochondria, endoplasmic reticulum and golgi bodies
are also present. The eye-spot (stigma) is present near the anterior end of the cell. It is light
sensitive and directs the movement of swimming cells. The flagella may be 2 or 4 or rarely
many and they are inserted at the anterior end. Equal length of flagella are acronematic type,
i.e., they are smooth and whiplash type. The flagella arise from the granules called
blepharoplast granules. They show the 9+2 fibrillar organization. Generally starch is the
reserve food material in Chlorophyta. Some Chlorococcales accumulate starch and lipid,
whereas majority of Siphaonales and some Conjugales store fat.

S. CELL DIVISION

There are two modes of nuclear cell division in the green algae.

(i) The mitosis is intranuclear, i.e., with the nuclear envelope remains closed at the
metaphase. Apart from spindle microtubules, a characteristic additional set of
microtubules disposed transversely to the long axis of the spindle occurs in telophase and
it is known as phycoplast. This structure facilitates the cytokinesis either by furrowing
(Tetrahedron) or by cell plate formation (Oedogonium). At telophase, the daughter
nuclei tend to L~ close together, e.g., Ulothrix, Oedogonium, Draparnaldia, Volvox,
Ulva etc.

(ii) The spindle and nuclear envelope are open. At telophase, the microtubules of the
intranuclear spindle are persistent" and phragmoplast is formed during the cytokenesis,
e.g., Chara, Coleochaete, Spirogyra and several land plants.

6. REPRODUCTION

The members of Chlorophyceae are represented by the vegetative, asexual and sexual
types of reproduction.

(i) Vegetative reproduction

A. Fission: Unicellular organisms produce their progeny through fission, e.g.,
Chlamydomonas, Pleurococcus etc.

B. Fragmentation: It is very common 111 filamentous forms, such as Oedogonium,
Ulothrix, Sphaeroplea, Spirogyra etc.



hcharya Nagarjuna University 3.13 Center for Distance Education I
C. Akinetes (Resting spores): In some green algae, e.g., Cladophora, Pithophora,

Ulothrix etc., the protoplast is rounded-off and covered with very thick cell wall. These cells
with abundant reserve food materials are called akinetes. They are capable of withstanding
unfavourable enviommental conditions. During favourable conditions, akinete germinates
liberating a young germling.

(ii) Asexual reproduction

A. Zoospore formation: Zoospore production is more common in
Chlorophyceae. Zoospore is biflagellate In Chlamydomonas and
quadriflagellate in Draparnaldiopsis, Fritschiella, Ulothrix etc. In
Oedogonium a crown of flagella are present (Fig. 3.4 A, B). Zoospores may
be produced singly (Oedogonium) or in twos, or in still larger number within
a vegetative cell or sporangium. Zoospores possess eye spot and chloroplast,
and motility is brought about by the lashing movement of flagella. Each
zoospore on coming in contact with a suitable substratum and under
favourable conditions, develops into a new adult individual.

B. Aplanospore: In certain cases, aplanospores (non-motile) are
formed singly within a cell (Fig. 3.14). Unlike zoospores, protoplasts become
rounded, secrete a wall of their own and are non-flagellate and non-motile.
Aplanospores occur in Ulothrix and also in other genera.

Fig. 3.14 Spirogyra, aplanospores

C. Autospores: In a few genera, aplanospores have almost similar distinctive shape as
the parent cell and are called autos pores. These are commonly found in the order
Chlorococcales.

(Hi)Sexual reproduction

Sexual reproduction is of three types, (A) isogamy, (B) anisogamy, and (C) oogamy.

(A) Isogamy - In majority of Chlorophyta, sexual reproduction is isogamous in which
the two fusing gametes are equal in size and have identical morphology and physiology, e.g.,
Chlamydomonas, Spirogyra, Ulothrix, Zygnema etc. The resultant fusion product is known as
zygospore.

(8) Anisogamy - In this, the fusing gametes are not identical morphologically and
physiologically. Active male gametes are of smaller in size as compared to the larger female
gametes which are less active, e.g. Chlamydomonas braunii.

5)
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. (C) Oogamy ~ Oogamous reproduction involves the fusion between a small flagellate,

actively motile male gamete (antherozoid) and, a large, non-motile, passive female gamete, the
ovUm or oosphere. The ovum is generally produced singly within a specially differentiated and
enlarged cell called the oogonium, e.g., Oedogonium and Coleochaete. The antherozoids are
'many and produced within an antheridium:

InOedogonium, there are two forms, viz., (1) macrimdrous/ (Fig. 3.4C), and (2)
nanandrous (Fig. 3.5). The macrandrous forms may be monoecious producing antheridia and
oogonia on the same plant (Fig. 3.4C), or dioecious, producing antheridia and oogonia on

~di[~rbnt individuals. In the nan~ndrous forms, the sex~al. plants are di~0~hic; the oogonia are
'Jorm~d?n filaments of normal SIze, wh~reas the antheridia are produged III filaments known as
dwarf males or nanandria. The nanandna are extremely small and ale always found attached to
oogonia proper or to the underlying cell. These nanandria a~e ~rived from antherozoid-Iike
zoospores, known as androspores, which are formed singly ithin the androsporangia. A
species that bears both oogonia and androsporangia is descril ed as gynandrosporous, whereaS'-
the one that bears them on diffetent filametns are called idioandrosporous, After their liberation
and brief swimming, androspores settle on an oogonium or' a suffultory cell, and then germinate
to give rise nanandria. Each antheridium of the dwarf male generally produces two
antherozoids.

There ha been a evolutionary advancement in sexual reproduction from isogamy
through anises my to oogamy, accompanying the reduction in number and an increase in the
size of the female gametes. This evolution perhaps occurred independently in different orders of
the Chlorophyta. Progressive evolutionary series illustrating the transition from isogamy to
oogamy are met within the coenobial Volvocales and in certain Chaetophoraceae, e.g.,
Aphanochaete, Chaetonema, Coleochaete and Stigeoclonium.

/

7. CLASSIFICATION

Fritsch (1935) had divided the Chlorophyta into nme orders under only one class
Chlorophyceae.

Phylum
Class
Orders

Chlorophyta
Chlorophyceae
(1) Volvocales
(2) Chlorococcales
(3) Ulotrichales
(4) Cladophorales
(5) Chaetophorales

(6) Oedogoniales
(7) Conjugales
(8) Siphonales
(9) Charales

Bold (1967) had raised the Charales to the rank of phylum, the Charophyta.The
division Chlorophycophyta includes only one class, the Chlorophyceae having ten orders as
follows: '
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Phylum
.Class
Orders

Chlorophycophyta
Chlorophyceae
(1) Volvocales
(2) Chlorosphaerales
(3) Chlorococcales
(4) Ulotrichales
(5) Ulvales

(6) Cladophorales
(7).Siphonales
(8) Dasycladales
(9) Oedogoniales
(10) Zygnematales

Round (1971) had divided the green algae (Chlorophyta sensu Fritsch) into three phyla,
containing six classes and 37 orders as follows:

I. Phylum
(1) Class
Orders

: Chlorophyta
: Chlorophyceae
: (1) Chlamydomonadales
(2) Volvocales
(3) Polyblepharidales
(4) Tetrasporales
(5) Chlorodendrales
(6) Chlorosarcinales
(7) Chlorococcales
(8) Ulotrichales
(9) Codiolales

(2) Class: Oedogoniophyceae
Order: Oedogoniales

(3) Class: Zygnemaphyceae
Orders: (1) Mesotaeniales

(2) Zygnematales

(4) Bryopsidophyceae
Orders : (1) Cladophorales

(2) Sphaeropleales
(3) Acrosiphonales
(4) Dasycladales
(5) Siphonocladales
(6) Chlorochytriales

II. Phylum
Class
Orders

\
\

III. Phylum
Class

: Prasinophyta
: Prasinophyceae
: (1) Pyramimonadales
(2) Prasinoc\adales
(3) Halosphaerales

: Charophyta
: Charophyceae

(10) Ulvales
(11) Prasiolales
(12) Cylindrocapsales
(13) Microsporales
(14) Chaetophorales
(15) Trentepholiales
(16) Pleurococcales
(17) Ulvellales

(3) Gonatozygales
(4) Desmidiales

(7) Derbesiales
(8) Codiales
(9) Caulerpales
(10) Dichotomosiphonales
(11) Phyllosiphonales
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Order : Charales

8. PHYLOGENETIC RELATIONSHIPS

In Chlorophyta, three phylogenetic lines have been taken into consideration, these are (1)
Volvocine, (2) Chlorococcine and (3) Tetrasporine lines (Fig. 3.15).

Volvocine line had evolved from a simple flagellated unicell, probably similar to
Chlamydomonas, to a larger colonies of differentiated cells, e.g., Volvox.

Chlorococcine (siphoneous) line had evolved again from the simple flagellated
chlamydomonad type of cell to the coenobial (Chlorooccales) and siphoneous (Siphonales)
forms, the latter is coenocytic in nature with few or no cross walls.

Tetrasporine (Ulotrichalean) line also thought to have evolved from uninucleate
unicellular organism into relatively complex filaments and thalli differentiating into branches
and rhizoids, e.g., Fritschiella. As the ulotrichalean line has the most complex thallus
organization, probably it is the ancestor of present day land plants.

Land Flora
l'

Ulotrichales

Oedogoniales
~

Conjugales

Tetrasporine

Siphonales

r
Volvocales Charales -" Cladophorales Chlorococcales

Volvocine

Unicellular Volvocales

Fig. 3.15 Evolution in Chlorophyceae
(adopted from B.P. Pandey, 2004)



hcharya Nagarjuna University 3.17 Center for Distance Education I

9. LIFE CYCLES

The following types of life cycles are encountered in Chlorophyceae.

1. Haplontic Life Cycle

The Chlorophyceae members, such as Coleochaete, Oedogonium, Pandorina .and
Ulothrix (Fig. 3.16) are hoploid, with the zygote representing the only diploid phase in the life
cycle. In these, meiosis occurs during the first division of the zygote nucleus.

SEXUAL

ISOGAMETES

]
ZOOSPORE

X

FUSION

ZYGOSPORE ./

2X

Fig. 3.16 Haplontic life cycle of Ulothrix.

2. Diplontic Life Cycle

In the diploid forms belonging to Siphonales and Chlorococcales, the vegetative plant is
diploid and meiosis occurs during the formation of gametes which represent only haploid stage.
The zygote germinates directly into the diploid plant (Fig. 3.17).
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Fig. 3.17. Diplontic life cycle of Caulerpa

(3) Isomorphic Life Cycle

This _involves an alternation between the haploid gametophyte and the diploid
sporophyte, both of which are morphologically indistinguishable from each other. The haploid
phase produces gametes that fuse to form a zygote which in turn germintes into a diploid
sporophytic plant. This sporophyte produces zoospores. Prior to zoospore formation meiosis
takes place, e.g., members of Chaetophoraceae, Cladophoraceae (Fig. 3.18) and Ulvaceae.

ZOOSPORES
X

. j
ZYGOSPORE

2X

CLADOPHORA
2X

Fig. 3.18 Isomorphic life cycle of Cladophora

(4) Heteromorphic Life Cycle -:

This involves an alternation between the morphologically dissimilar haploid
gametophyte and diploid sporophyte; e.g., Urospora. In Urospora gametophyte is dominant and
the sporophyte is known as Codiolum.
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"CHAROPHYTA (Stoneworts)

The class Charophyceae under Charophyta includes a single order Charales having six
living genera and all these placed in the family Characeae, popularly known as stoneworts. This

I' -

constitutes a distinctive and isolated group of highly differentiated and elaborately organized
green thallophytes. It is characterized by the presence of thallus with regular differentiation of
nodes and internodes and with the deposition of calcium carbonate; and also the presence of
highly specialized male and female reproductive structures, known as 'globule' and 'nucule'
respecti vely.

The genus Chara grows more commonly in stagnent and clean freshwater bodies. It
prefers a substratum of decaying organic matter. It forms a submerged vegetation in the fresh
water )1abitats. Some are occurred in hot water springs, e.g. C. fragilis. Some species viz., C.
nuda and C. vandalurensis are endemic in India.

(i) Thallus structure The main axis and branches of Chara are differentiated into nodes and
internodes (Fig. 3.19A). Each node bears a whorl of several branches of limited growth and
consists of pair of central cells surrounded by a peripheral group of 6-20 cells. The species
having nodes with cortical cells are known as corticated species, e.g., C. zeylanica; some are

. ecorticated, e.g., C. braunii, C. corallina, C. wallichii etc. Branched multicellular rhizoids are
formed from the lowermost one or two nodes and they are attached to the substratum.

The branches of the first order,
produced from the ~des of the main axis
are known as primarylaterals of limited
growth. Single celled bra~es called
secondary laterals arise from the nodes
of primary laterals. In addition to these,
the stem node may also bear one or more
branches of unlimited growth. These
branches are located at the axillary
position of the oldest primary lateral in
the whorl.

A

Fig. 3.19 Chara. A. Habit, B. Apex of the thallus--' \

The main axis and primary laterals grow by means of a dome-shaped apical cell (Fig.
3.19B) and cuts off a transverse segment at its posterior end. The resultant segment divides
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transversely into an upper nodal initial and a lower internodal initial. The latter remains
undivided and elongates considerably to form the internode. The nodal initial divides repeatedly
in such a way that it gi yes a pair of central cells surrounded by peripheral cells. The peripheral
cells in the node protrude 'and function as apical cell of the branches (primary laterals). These
primary laterals exhibit the same type of apical growth but of limited activity.

Cell structure

The nodal cells contain dense cytoplasm, a single nucleus and a few discoid or elliptical
chloroplasts. In the central cell, there is a large vacuole, multi-nucleate, and many discoid
chloroplasts. The chloroplast lacks a pyrenoid. Cytoplasmic streaming is very conspicuous in
Chara.

(ii) Reproduction

(A) Vegetative reproduction

Vegetative reproduction takes place by amylum stars and bulbils. Amylum stars are star-
shaped aggregations of cells developed on the lower nodes of the main axis. These, cells are
filled with amylum starch. The amylum star grows into a new individual. Bulbils are rounded
tuber-like structures; these are perennating bodies, when detached it forms a new plant.

(B) Sexual reproduction

All species of Chara show a highly advanced type of oogamy. Male reproductive
structure is called 'globule' whereas female reproductive structure is 'nucule'. Both
reproductive structures are situated at the base of secondary laterals (Fig. 3.20A, B).

Globule (Male reproductive structure): Mature globule is a hollow spherical body
and consists of outer shield cells, middle manubrial cells and inner capitulum cells (Fig. 3.20B).
Primary capitulum cells divide and give rise to secondary capitulum cells. Each cell of
secondary capitulum produces a pair of antheridial or spermatogenous filaments. Each cell of
the spermatogenous filament forms a biflagellate sperm (Fig. 3.20D).

Globule development (Fig. 3.21A·C) - Both the sex organs in Chara develop from an
adaxial peripheral cell at the node of a primary lateral. Antheridial initial differentiates and
divides transversely into a basal pedicel cell and a terminal antheridial mother cell. The
antheridial mother cell divides and gives rise quadrantly arranged cells. Each fo these cells
divides transversely to give rise to the octant stage. Each octant cell undergoes periclinal
divisions resulting in a radial row of three cells with the outer cell functioning as the.shield cell,
the middle as the manubrium, and the inner as the primary head cell. Subsequently, the shield
cells expand laterally and the manubria elongate vertically. By this time, the primary head cell
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has already divided and the resulting head cells bifurcate vertically into a pair of cells, each
developing into a spermatogenous filament.

A
manubrium

B -

c

D

Fig. 3.20 Chara. A, portion of plant bearing nucule and globule; B, structure of mature globule;
C, spermatogenous filament; D, spiral spermatozoid.

Nucule (Female reproductive structure): It is an oblong structure located just above
the globule. It consists of spirally coiled tube cells which form a sterile envelope around the
oogonium and five-lobed corona cells that project beyond the apex of the oogonium.

. Nucule development - Nucule is also. produced from a peripheral cell close to the
antheridial initial. Oogonial initial divides to give rise a row of three cells, of which the lower
forms the pedicel, the middle the sterile jacket (sheath cells) and the upper the oogonial mother
cell. The middle cell divides repeatedly to form a group of five sheath cells enclosing a central
cell. The oogonial mother cell divides and form a stalk cell and upper oogonium. The five
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sheath cells undergo a transverse division resulting into 5 lower lube' cells and upper coronal
cells; the tube cells elongate and coil spirally around the oogonium. In this process, the coronal
cells are pushed to the top of the oogonium (Fig. 3.21 D-E).

'".pedicel

A

Fig. 12-106 Chara. A-C, development of globule; D-E. development of nucule.

Fig. 3.21 Chara. A-C, development of globule; D-E, development of nucule
(adopted from Kumar, 1999)

When nucule matures, the spiral tube cells separate from one another and the resulting
space in between them provides an opening for the entrance of spermatozoids. One of the
spermatozoids fuses with ovum resulting into formation of zygote (oospore).

Zygote germination: After a brief rest, zygote germinates and gives rise. a new plant.
Before germination, the nucleus migrates to the anterior region where it divides meiotically. A
septum is laid down forming a uninucleate upper cell and a degenerative trinucleate lower cell
(Fig. 3.22A,B). The upper cell undergoes one mitotic division in a vertical plane. Of the two

<; daughter cells, one acts as the protonemal initial and other as the rhizoidal in~These initials
form thefilamentous protonema and the colourless rhizoids respectively, both with nodes and
internodes. The plant arises from one of the appendages borne on the second node of the,
protonema.
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~prjmary protonema
o

o
o

o primary rhizoid

A B

Fig. 3.22 Chara. A. germinating division; B, surface view of germinating oospore
(after Smith, 1955)

(iii) Phylogeny

Charophyta resembles the Chlorophyta with respect to photosynthetic pigments, food
reserves, cell wall composition, flagella and zygote germination. Some of the features of
Charophyta are shared by the chaetophoralean genus Draparnaldiopsis, these are the (1)
differentiation of main filament into node and internodal cells, (2) formation of corticating
filaments, (3) production of lateral branches of limited growth, and (4) participation of laterals
oi'limited growth in reproduction. Desikachary and Sunderalingam (1962) opined that
Charophyta were derived from Chaetophorales. But the apical growth and the complex nature
of the sex organs discount any possible origin of the Charophyceae from the Chaetophorales.

Papenfuss (1955), on the basis of parallelism in the development of sex organs has
emphasized an affinity between bryophytes and charophytes. Bold (1967) considers that
morphologically the sex organs of the Charophyceae are in no way different from these
bryophytes.

Origin of land plants: According to Stewart and Mattox (1975), the ancestry of
archegoniates should be traced from the Charales and also possibly from Coleochaete like alga.
This view is based on the following points of resemblance between Charales and archegoniate
plants: (1) presence of phragmoplast, (2) presence of similar type of antherozoids (identical
microtubular cyto-skeletin), (3) occurrence of glycolate Qx-iEiase,-{4)protection of gametangia by
sterile cells, and (5) apparent similarity between the plant bodies.
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(iv) Life cycle

The genus Chara is haploid plant representing the gametophytic stage while the zygote
is the diploid stage (Fig. 3.23). It undergoes meiosis and germinates to give rise the haploid
plant.

TU8E:1S

BUL8!LS

AMYLUM 3T ARS

SEe
PROTONEMA

VEGETATlVE

CHAM

(X)

GLOBULE

NUCULE (XJ\

(X) 1
ANTHERIDIA

(X)
OOGONIUM)(X)

)ANTHEROZOID

PCX)
EGG
(X)

ZYGOTE
(2X)

SEXUAL

PROTONEMA
(X)

Fig. 3.23. Life cycle of Chara.

3.3 SUMMARY

Chlorophyta: The class Chlorophyceae of division Chlorophyta is characterized by the
presence of eukaryotic cell organization and presence of pigments such as chlorophyll a,
chlorophyll b, various carotenes and xanthophylls. Green algae occur widely in fresh and
marine water habitats. The thallus exhibit a great variation in its habit and structure, ranging
from a motile or non-motile cell through colonial, filamentous, parenchymatous and siphonous
habits to the highly evolved heterotrichous filament (e.g., Coleochaete,. Draparnaldia,
Draparnaldiopsis, Stigeoclonium etc.)
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Usually, the cells are uninucleated but in Cladophorales, Siphmales, Sphaeroplea and
Charales, the cells are coenocytic. There is a great diversity in number, morphology and
arrangement of chloroplasts. The pyrenoid of the green algae commonly consists of a
proteinaceous core which is surrounded by minute plates of starch.

There has been a evolutionary advancement in sexual reproduction from isogamy
through anisogamy to oogamy, accompanying the reduction in number and an increase in the
size of the female gametophytes.

Charophyta: Bold (1967) and Round (1971) had raised the Charales of Fritsch (1935)
to the rank of phylum, the Charophyta. The division Charophyta includes a single order
Charales, popularly known as 'stoneworts'. It is characterized by the presence of thallus with
regular differentiation of nodes and internodes with the deposition of calcium carbonate; and
also presence of highly specialized male and female reproductive structures, known as 'globule'
and 'nucule' respectively.

Charophyta resembles the Chlorophyta in many respects. Some of the features of
Charophyta are shared by the chaetophoralean genus Drapannaldiopsis. Desikachary and
Sunderlingam (1962) opined that Charophyta were derived from Chaetophorales. Papenfuss
(1955), on the basis of parallelism in the development of sex organs has emphasized an affinity
between bryophytes and charophytes.

Model Questions

(1) Essay Questions

(i) Discuss the range of thallus organization in Chlorophyta.
(ii) Give an account on Reproduction in Chlorophyta.
(iii) Give an account on Life cycles of Chlorophyta.
(iv) Discuss the general features of Charophyta and its phylogenetic significance.

(2) Short notes

(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii) .

Structure of Chlorophycean cell
Classification of Chlorophyta
Phylogenetic realtionships of Chlorophyta
Oedogonium
Draparnaldia
Globule
Nucule
Phylagenetic importance of Chara.
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l ALGAE

LESSON-IV

XANTHOPHYTA
(Yellow-Green Algae)

Objectives

1. Introduction
2. Thallus Structure
3. Reproduction

(i).Vegetative Reproduction
(ii).Asexual Reproduction
(iii).Sexual Reproduction.

4. Life Cycle
5. Phylogeny
6. Summary

1 Introduction

The phylum Xanthophyta divided into two classes, VIZ., Xanthophyceae
(Tribophyceae) and Eustigmatophyceae. Commonly known as yellow-green algae, the
members of Xanthophyceae e.g., Botrydium and Vaucheria are characterized by the following
features: (1) Photosynthetic pigments are chlorophyll ~, chlorophyll ~, 13-Carotene and
xanthophylls (antheroxanthin); (2) reserve food materials are lipid, oil and leucosin
(chrysolaminarin); (3) the cell walls when present are generally composed of two equal or
overlapping halves, e.g., Tribonema and made up of pectin substances with smaller amount of
cellulose, in ~ome cases, the cell walls may be silicified; (4) the motile cells possess two unequal
flagella on their anterior ends; (5) reproduction takes place through vegetative, asexual and
sexual methods.

The class Eustigmatophyceae includes unicellular, coccoid' forms, which. were
previously classified in the Xanthophyceae. These forms were carved from the Xanthophyceae
because of unusual and unique organization of their motile cells, e.g., Ellipsoidion, Polyedriella,
Vaucheria.

The members of Xanthophyta are widely distributed in aquatic and terrestrial habitats.
Most of them are fresh water forms, e.g., Vaucheria. Terrestrial forms, such as Botrydium, grow
on mud or on tree trunks and on damp walls.
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2 Thallus Structure

Thallus is a cylindrical tube, sparingly branched and coenocytic, e.g., Vaucheria
(FigA.1). The thallus of Botrydium (Fig. 4.2) which is considered as primitive genus of the
siphonaceous Xanthophyta, is a globose, cylindrical vesicle, having rhizoids anchoring the plant
body to the substratum.

The cell wall is thin and is composed of cellulose and outer pectin. In Vaucheria, a
central vacuole runs through out the thallus (Fig. 4.IB). There is a continuous layer of
protoplast at the peripheral region containing many discoid chromatophores devoid of
pyrenoids.

. " ( CHLOROPLASTS

.'.. . I \? ';>;'1
.' . I :t" NUCLEI ::-ft.o.~o.~;.:.:.....·
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Fig. 4.1 Vaucheria sp. Vegetative structure; 1\, a complete thallus; 13, a part of thallus
(enlarged) .
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Numerous minute nuclei lie internal to the chromatophores which
exhibit phototactic response, i.e., back and _forth movement in
response to light. When light intensity is strong, they show
lateral .movement away from the light source. In other words, the
phototactic response is regulated in such a way that it facilitates
maximum absorption of photosynthetic light by chromatophores,
simultaneously protecting them against excessive photodamage.

Rhizoid

Fig.42 Botrydiuin granulatum,
habit .

Fi~.3 Vaucheria dlilluwynii, showing enlarged part of filament end
(adopted from Kumar, 1999).

--The thallus-grows in length. by simple elongation of the terminal portion of the branches .
. -.6)
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During mitosis nuclear envelope remains intact and surrounds the spindle, there are no
. .

gaps in nuclear envelope of Vaucheria. Both' Vaucheria and certain phycomycetous fungi
(Saprolegnia) have a closed, centric spindle lacking polar fenestrae, with the centriole situated
outside the nuclear envelope at the poles. Also in both cases, each golgi body is
characteristically appressed to a mitochondrion with a part of endoplasmic reticulum being
sandwiched between the two organelles. -

3 Reproduction
Reproduction takes place by vegetative, asexual and sexual methods.

\

(i) Vegetative Reproduction
It is very rare and may be brought about by the budding of mature vesicles in Botrydium.

(ii) Asexual Reproduction
Asexual reproduction takes place by means of zoospores, aplanospores and hypnospores.

A variety of environmental factors affect the zoospore formation. High humidity, run-off water,
low light intensity or dad(~ss and dilution of growth medium induce the sporulation. It has
been further observed that l&;v light intensity enhances sporulation in Vaucheria.

A. Compound zoospore or synzoospore - In Vaucheria, during zoospore formation
apices of branches become delimited from the rest of the thallus by a septum, and each of them
develop into a club-shaped sporangium. During this stage, nuclei and chromatophores exchange
their position, so that the nuclei which were originally placed internal to the chromatophores,
now come to lie external to the chromatophores. Shrinkage of protoplast and a pair of equal
flagella (acronematic)
develop opposite to each
nucleus, are resulted into
formation of
multiflagellate zoospore

.from the single
zoosporangium (Fig.
4.4A-C, D). This multi-
flagellate. zoospore is

I regarded as compound
\zoospore or synzoospore
(Fig. 4.5A, B)~

CHROMATOPHORE

A B

Fig. 4.4. Vaucheria sp. Asexual reproduction by zoospore. A, zoosporangium;
B, liberation of zoospore from zoosporangium; c, compound zoospore; D, a part of
compound zoospore; E, germinating zoospore (adopted from Pandey, 2004).
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The terminal portion of zoosporangium softens and small pore develops at its apex.
Through this pore synzoospore is liberated, and swims about 20 minutes and then to settle down
to some substratum. It withdraws its flagella and secrets a wall around it. Later it germinates
and gives rise to adult thallus (Fig. 4.4E).

I A~~~. ~. B. ,
Fig. 4.5 Vaucheria. A. transverse seJion of filament; B, transverse section of synzoospore.

CHROMATOPHORES

APLANOSPORANGIUM APlANOSPORE

Fig. 4.6. Vaucheria sp. Asexual reproduction. A-B, formation of aplanospore in
aplanosporangium; C, an aplanospore; D, germination of aplanospore

(adopted from Pandey, 2004).
"
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B. ApIanospores - Terrestrial forms develop aplanospore during dry conditions.
Aplanospores are non-motile and liberated by the irregular rupture of the aplanosporangium
(Fig. 47A, B). Aplanospore germinates during favourable conditions and gives rise

'to new thallus (Fig. 4.6 A-D).

C. Hypnospores or Cysts - In terrestrial species, such as Vaucheria geminata and V.
hamata, segmentation takes place by gelatinous transverse walls in the tubular branches forming
many small compartments. The segmented thallus looks like an alga 'Gongrosira' and this
stage is known as Gongrosira stage (Fig. 4.7C). A thick wall is developed around the protoplast
of each segement and they are called hypnospores or cysts (Fig. 4:7:0). These cysts either grow
directly into new thallus or may give rise to small amoeba like masses. These germinate under
favourable conditions and subsequently give rise to-new thalli. '

APLANOSPORES

A 8
APLANO SPORANGIUM

Fig.4.7 Vaucheria. A-D. Aplanospore and cyst development

(ill) Sexual Reproduction

Sexual reproduction is oogamous type in Vaucheria. They may be either homothallic or
heterothallic and bear well differentiated antheridia and oogonia. Sex organs may be sessile or
stalked. Both antheridia and oogonia originate as protuberances which graduallygrow in size
and accumulate a large number of nuclei and chromatophores. ' ,

The antheridia - Most species of Vaucheria are protandrous, i.e.,~ptheridium
developes first and oogonium afterwards. The antheridia a:e tubular with their apice,splightly
curved or coiled (Fig. 4.8A, B). At maturity, the apical, curved portion of antheridiumbecomes
separated from its subtending branch by, a transverse, septum (Fig.' 4.8C). Its coe,nocytic
protoplast divides into a large number of uninucleate, biflagellate (acro and pa~tohematic)
sperms which usually liberate from the antheridium during the early morning hours.
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,ril'i:' "
oogoniu

~~~
ABC

Fig. 4.8. Vaucheria. A, Brstages.in formation of sex organs
(after Smith, 1955); C, release ofantherozoids.

The Oogonia - These are commonly spherical or subspherical structures. At maturity,
all the nuclei except one migrate from the oogonium back to the main filament. Soon a
transverse septum is laid down between the oogonium and the filament (Fig. 4.8C).
Subsequently, it develops a receptive region with an opening through which a sperm enters the
oogonium.

In homothallic species, e.g., V geminata, both kinds of sex organs develop in close
proximity but generally" do not mature simultaneously, thus self-fertilization is prevented. The
zygote with thick wall around it is detached from the parent plant. It is believed that zygotic
germination in Vaucheria is meiotic and directly gives rise to adult thallus.

4. Life Cycle

In all the' members of Xanthophyceae, life cycle IS Haplontic, and diploid phase IS

represented by unicellular zygote only (Fig. 4.9 and 4.10).

5. Phylogeny

': The· formation of flagellated structures during the life cycle of most of the
'Xanthophyceae and also the occurrence of predominantly flagellated unicells in the primitive
members of the class, suggests a flagellated ancestry for the Xanthophyceae.

. .The Xanthophyceae resembles the Chrysophyceae in their flagellation, amoeboid habit
and food reserves, and the Bacillariophyceae in food reserves and cell wall composition. Bold

. ~1967) considered the Xanthophyceae, Chrysophyceae and Bacillariophyceae to be closely
elated find accordingly included 'them in a single phylum Chrysophycophyta.

'.'~!, 1. .'
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Fig. 4.10. Botrydium - Graphic representation of life cycle

4.6 Summary

The phylum Xanthophyta divided into two classes, viz., Xanthophyceae (Tribophyceae)
and Eustigmatophyceae; these are all commonly known as yellow-green algae. The class
Eustigmatophyceae includes unicellular, coccoid forms; whereas the thallus of Xanthophyceae
is coenocytic, e.g., Vaucheria and Botrydium.

In Vaucheria, the cell wall is composed of cellulose and outer pectin, and a central
vacuole runs through out the thallus. There is a peripheral protoplasts containing many discoid
chromatophores devoid of pyrenoids. Numerous minute nuclei lie internal to the
chromatophores which exhibit phototactic response. The thallus grows in length by simple
elongation of the terminal portion of the branches.

Reproduction takes place by vegetative, asexual and sexual methods. Formation of
multi flagellate compound zoospore (synzoospore) is one of the-means of asexual reproduction
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in Vaucheria. Sexual reproduction is oogomous type in Vaucheria. Well differentiated.
antheridia and oogonia are found. They may be either homothallic or heterothallic.

The Xanthophyceae resemble the Chrysophyceae in their flagellation, amoeboid habit
and food reserves, and the Bacillariophyceae in food reserves and cell wall composition.

Model Questions

(1) Essay questions:

(i) Give an account on thallus structure and sexual reproduction in Xanthophyta.

(2) Short Questions:

(i) Vaucheria thallus
(ii) Botrydium thallus
(iii) Synzoospore in Vaucheria
(iv) Reproductive structures in Vaucheria.

Reference Books:

1. Kumar, H.D. 1999. Introductory Phycology. Affiliated East-West Press,New Delhi.
2. Pandey, D.C. 1981. Algae, Kitab Mahal, Allahabad.
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1. Introduction
2. Occurrence
3. Thallus Organization

(i) Valve morphology
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4. Cell Structure
5. Reproduction
6. Phylogeny
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8. Summary

1 Introduction

The Phylum Bacillariophyta with a class Bacillariophyceae (diatoms) comprises a
homogeneousassemblage of unicellular and colonial forms which differ from other algae in
possessing highly sculptured and symmetrically ornamented cell walls. They are also called
"Jewels of the plant world". The unicellular diatoms are of two types namely pennate diatoms
,(order Pennales) and centric diatoms (order Centrales). The Pennate diatoms are elongated, boat

I shaped or needle shaped and are isobilateral symmetry, e.g. Pinnularia. The Centrales are circular
with radial symmetry, e.g. Cyclotella.

The main characters that differentiate the Bacillariophyta from other phyla are: (1)
diploid nature of vegetative cell, (2) presence of chlorophyll c and chlorophyll a together with
fucoxanthin.i.diatoxanthin, and diadinoxanthin; the usual brown colouration is due to the
predominance of carotenoid pigments, (3) silicified 'nature ofcell walls which consist of two
highly perforated overlapping pieces, (4) oil and chrysolaminarin as reserved food materials, and
(5) thereduction in cell-size occurring during vegetative multiplication.

2 Oceurrence

Diatoms are cosmopolitan and ubiquitous in distribution. They are the major
components of the planktonic vegetation. The most common genera of freshwater habitats are
Asierionella, Melosira, Navicula, Nitzschia and Synedra. Species of Cocconeis, Eunotia and
Gomphonema grow epiphytically on other fresh water algae such as Cladophora and
Oedogonium. Species of Triceratium and Hyalodiscus occur in the littoral and sublittoral zones
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as epiphytes on seaweeds. Some manne diatoms are parasitized by the dinoflagellate
Paulsenella.

3 Thallus Organization

The thalli of diatoms are unicellular, colonial or filamentous. With respect to their shape
and valve morphology, the unicellular diatoms have been classified into two orders, Pennales
with isobilateral symmetry, e.g., Pinnularia (Fig. S.lA) and Centrales with radial symmetry,
e.g., Cyclotella (Fig. S.lB). Triceratium (Fig. S.lC) has three planes of mirror symmetry.

§raphe

~
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Fig. 5.1 Some common diatoms. A, Pinnularia, valve view; B, Cyclotella; C, Triceratium

Further classification of Centrales is based' on the presence or absence of the bristles or
horns on the cell structure. Pennales are classified according to the presence or absence of
raphes (slits) and number and. morphology of raphes on the valves. These raphes run between
the median and the apical pores.

Colonial diatoms are organized into uniseriate filaments, e.g., Melosira. The valve-to-
valve connections between the cells of Navicula confervacea form filaments maintained by
organic material adhering to the centres of the valve faces. Stellate colonies result from the
union of cells at their basal ends through localized production of mucilage, as in Asterionella.
(l), Valve morphology



\

charya Nagarjuna University 5.3 Center for Distance Education

The fine markings found on the surface of the valve vary widely. According to Hendey
(1959) four types of secondary structures are present en diatom valves:

(a) The punctae are fine perforations arranged in regular rows corresponding to the markings or ,
striae on the valve surface;

(b) the Areole, which are cavity-like depressions, coarser and larger than the punctae;

(c) the Canaliculi, which are tubular canals running through the valve surface; and

(d) the Costae, which are specially thickened regions of the valve, resulting from the heavy
accumulation of silica, and represent the valvar ribs. The ribs constitute the backbones of
the cell wall.

In Pennate diatoms, the markings are arranged longitudinally, e.g., Pinnularia, Cymbella
etc., whereas in centric diatoms, these are distributed concentrically, e.g., Arachnoidiscus.

(ii) Raphe and locomotion

In pennate diatoms, there is a longitudinal slit, known as raphe, which is interrupted in
the middle by a central nodule formed by the internal thickenings of the valve. In centric
diatoms, raphe is absent, instead, one or more projections, known as labiate processes (merely
openings through the valve) are present. The locomotion 'is brought about by the secretion of
mucilage through the labiate processes in Centrales. In Penn ales both locomotion and
anchorage involve the secretion of mucopolysaccharide material through raphe.

4 Cell Structure

Cell Wall ...,.The cell wall (frustule) of diatoms consists of two overlapping halves, the
upper half is known as epitheca andJower one hypotheca (Fig. 5.2A). Each theca possesses the
main surface known as valve and this valve has incurved margins called as connecting band
(Cingulum). Overlapping region of epitheca and hypotheca is collectively referred to as girdle.
The frustule is enriched with amorphous silica, that may also have small amounts of aluminium,
magnesium, iron and titanium. \

The epitheca and hypothec a can be compared to a petriplate. The lid is cor~sponding to
the epitheca and the main body is compared to hypotheca. The two connecting bands represent
the incu~ved sides of th.e lid and the main body, whereas ~he valve .relates to t~e top ?\ bott?m of
the petnplate. Accordingly a cell can seen from two different Views, the girdleviewtdiatom
appears rectangular) (Fig. 5.2B) and varve view (shape variable). \-
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Fig. 5.2 Pinnularia. A, transverse section showing relative position ofepitheca,

hypotheca, connecting band, valve, and raphe; B, girdle view showing
relative position of epitheca and hypotheca.

Protoplast - Thin layer of cytoplasm surrounding the large vacuole is bounded by
plasmamembrane. The cytoplasm is thicker at the region of poles. The cells are uninucleated.
In Pennales, a single large nucleus is located across the middle of the central vacuole and is
connected with the lining layer' of the cytoplasm next to the cell wall. .In Centrales, nucleus
occupies the position within the peripheral cytoplasm lining the cell wall. ,c.",

The cytoplasm also includes other cell organelles such as mitochondria, dictyosomes and
endoplasmic reticulum.

The nuclear division is characteristic of this group in possessing intranuclear and
cylindrical spindles with flat ends. In resting condition, the nucleus possesses a number ,of small
chromatin granules and one to several nucleoli, Further, the chromosomes do not form an
equatorial ring during the metaphase. '. " '

,,;'. i

Chromatophores - The number and shape of chromatophores .varies in thisgroup. In
centric diatoms, chromatophores are few and medium sized, and discoidal in shape. In
Pennales, one or two large parietal chromatophores with irregular lobes are present.
Chromatophore is a double membrane organelle consisting of 4-6 lamellae with or without
pyrenoids. Chromatophores are olive green to yellowish green in colour, with chlorophyll a
and chlorophyll c.
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5.' 'Reproduction

Both vegetative and sexual reproduction are evidenced in diatoms.

(i) Vegetative multiplication and McDonald-Pfitzer rule

'-

Cell division is the common method of vegetative reproduction. During the process of
cell division, the parent cell becomes enlarged and nucleus divides mitotically. Chromatophores
also divide longitudinally and daughter chromatophores come to lie on each' half. After
duplication of cell organelles, the cytoplasm cleaves in the middle along the girdle in a plane
parallel to the valve faces. Thiscleavage proceeds centripetally. Thisresulted into formation of
two daughter protoplasts, each one lying in the each parental theca. The yarental hypotheca
serves as the epitheca of one of the two daughter cells whereas the parental epitheca remains as
the epitheca of the other daughter cell. Accordingly, the newly formed wall pieces always serve
as hypotheca.

'. I

Fig. 5.3 Dimunition of cell size in successive generation of a diatom
(based on Smith, 1955)

. McDonald -'Pfitzer rule relates to the phenomenon of gradual size reduction in diatom
duringvegetativecell division. In the above process, two unequal size of daughter cells are
formed. The onedaughter cell which retains the parental epitheca, has the same size as of the
parental cell; whereas the other daughter cell retaining the parental hypotheca which serves as a
epitheca, is smaller in its size than parental cell. Like this, the progenies' of a diatoms become
progr-essively smaller during successive cell divisions.

, . .,'

t. v'

1-.;,.

, ''\' t ~

Table 5.1. Differen es between Centrales and Penn ales



M.Sc. Botony 5.6 Bacillariophytal

~- ---
Centrales Pennales ~.

1 2,500 species spreading over to 100 1 3,000 species spreading over to 70 genera
genera

2 Widely distributed 2 Mostly freshwater forms
3 Cells' circular and radially symmetrical 3 Cells elongated and bilaterally"

symmetrical
4 Cell walls with coarse markings 4 Fine markings with punctae

15 Chromatophores many and discoid 5 Chlromatophores 1 or 2 laminate or lobed
6 Nucleus lies in the peripheral 6 Nucleus in the cytoplasmic bridge

cytoplasm connecting the two valves
7 Sexual reproduction- oogamous; 7 Sexual reproduction - isogamous;

flagellated spermatozoids amoeboid gametes
8 No movement 8 Slow jerky movement

e.g., Cyclotella, Melosira, e.g., Navicula, Pinnularia, Cocconies,
Cosinodiscus, Biddulphia. Svnedra, Surirella, Nitzschia.

(ii) Sexual Reproduction

The vegetative phase of diatoms is diploid. Majority of diatoms are homothallic and
sexual reproduction takes place within individuals of the same clone. In Pennales, isogamous
type of sexual reproduction takes place, through which an enlarged spore, known as auxospore .
is formed from the union of two amoeboid gametes. In Centrales, on the other hand, the sexual
reproduction is oogamous in which flagellated sperm fused with non-motile egg. A secretion of
mucilage envelops the conjugating pair. The diploid nucleus of the copulating pair undergoes
meiosis and gives rise 4 haploid nuclei. Only two nuclei are involved in the formation of two
gametes, and others are degenerated. The gametes of same size and shape move out of the I

parent cells and fusion takes place within the mucilaginous envelope. As a result, zygote is
formed, this inturn is enlarged to become auxospore, e.g., Cocconeis placentula.

Physiological anisogamy in which one gamete is mobile and other stationary, has
reported in Navicula seminulutn,

Oogamous type - Oogamy is found in majority of Centrales. The auxospore formation
takes place by oogamy, e.g., Melosira varians, Cyclotella tenuistriata and Biddulphia
mobiliensis. The diploid diatom eel! divides meiotically at the time of gamete formation. About
4 to 128 small uninucleated male garnets bearing single flagellum (sperrnatozoids) are formed.
The diatom cell that produces male gametes is known as spermatogonium.

The female" gametes are non-flagellated and are known as eggs. The diploid nicleus of
female diatom divides meiotically forming four haploid nuclei. Out of these, three are
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degenerated. The protoplast with remaining one nucleus becomes functional and acts as an egg
(Fig. 5.4).

The male gametes are released out from the spermatogonium and swim to an oogonium.
One of the spermatozoids penetrates the egg and fuses with it. The plasmogamy is followed by
karyogamy. Zygote (2x) escapes from the parent frustule and undergoes enlargement to form
the auxospore. Later auxospore secretes a frustule, an? gives rise to a new individual.

OOGONIAL CELL

'J!! (NUCLEUS

(2n)

8A
SPERMATOZOID

DEGENERATED
tf!r!f}j~= NUCLEI

Fig. 5.4 Development of Ovum (egg) and auxospore formation in Cyclotella
. (adopted from Ramakrishna, 1995)

6. Phylogeny

I Due to the siliceous nature of cell walls, they are well preserved in the form of fossils.
The fossil evidence shows that Centrales are more primitive (reported from jurassic) and
Pennales might have originated (early tertiary period) from them. The fact that the most of
centric diatoms are marine planktonic forms in contrast to the pennales, which are
predominantly freshwater, also indicates a centric ancestry for the pennales.

The presence of fucoxanthin and chlorophyll a and chlorophyll c links the
Bacillariophyta with the Phaeophyta, and the characteristic food reserves (oil and leucosin)
relate the diatoms to the Xanthophyta and the Chrysophyta.

/

7. Economic Importance
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'. The siliceous shells of diatoms are accumulated over a longer period 'of time at the
bottom of the aquatic bodies forming extensive deposits called diatomaceous earth or
tpeselgurh. Large deposits of diatomaceous earth have been found in California, Germany,
~france, Japan, Spain, Australia and Nicobar Islands. In Lompoc (Carifornia), the largest
~iatomaceous zone in the world, is present which spread to about 30 sq km area with 425 m
ilhick. It is quarried and used commercially as (-1)an abrasive in polishes and tooth pastes, (2) in
Ithe filtration of liquids in sugar refineries, (3) used as an inert material filter in paints and plastic

'

1industries, (4) as an insulating material for boilers and blast ~urnaces ~ec~use it can resist a
'.temperature of 1000°F, and (5) also used as an absorbent for nitroglycerine In the manufacture

~ of dynamite.

8. Summary

The phylum Bacillariophyta with a class Bacillariophyceae (diatoms) comprises a
homogeneous assemblage of unicellular and colonial forms which differ from other algae in
possessing highly sculptured and symmetrically ornamented cell walls. Unicellular diatoms are
of two types, viz., Penn ales (Pennate diatoms) and Centrales (centric diatoms). Pennales are
with isobilateral symmetry, e.g., Pinnularia whereas Centrales are with radial symmetry, e.g.,
Cyclotella. Diatoms are the major components of the planktotOnic vegetation.

The cell wall (frustule) of diatom consists of two overlapping halves, the upper half is
known as epitheca and lower one hypo theca. Each theca possesses the main surface known as
valve and this valve has incurved margins called connecting band (Cingulum).

The diatom cells are uninucleated. In Pennales, a single large nucleus is located across
the middle of the central vacuole and is connected with the lining layer of the cytoplasm. next to
the cell wall. In Centrales, nucleus occupies the position within the peripheral cytoplasm lining
the cell wall. Chromatophores are olive green to yellowish green in colour, with chlorophyll a
and chlorophyll c.

The cell division is the common method in vegetative reproduction. As a result of cell
division, two daughter protoplasts are formed, each one lying in the each parental theca. The
parental hyotheca serves as the epitheca of one of the two daughter cells whereas the parental
epitheca remains as the epitheca of the other daughter cell. Mclsonald-Pfitzer 'rule relates to
the phenomenon of gradual size reduction in diatom during vegetative cell division: During
successive cell divisions, the progenies of a diatom become progressively smaller.igeneration
after generation.

Sexual reproduction through oogamous type is found in majority of centrales. The
auxospore formation takes place by oogamy, e.g., Melosira varians, Cyclotella tenuistriata and
Biddulphia mobiliensis. ' '
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The siliceous shells of diatoms are accumulated over a longer period of time at the .
bottom of aquatic bodies, forming extensive deposits called diatomaceous earth or Kieselgurh.
It has been quarried and used for many industrial purposes.

Model Questions

(1) Essay Questions

(i) Compare and contrast the Centrales and Penn ales and add a note on their reproduction.
(ii) Give an account on thallus structure and reproduction in Bacillariophyta.

(2) Short answer Questions

(i) Cell wall of diatom
(ii) Centrales
(iii) Pennales
(iv) Valve morphology
(v) McDonald-Pfitzer rule
(vi) Kieselgurh.
(vii) Economic importance of diatoms.

Reference Books
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1 Introduction

Brown or yellowish Brown colour of the thallus of Phaeophyta is due to the presence of
abundant corotenoids. The pigment fucoxanthin occurs in sufficiently larger quantity and chiefly
responsible for brown colouration to the thallus. Other pigments are chlorophyll a, chlorophyll
c, 13 carotene, violaxanthin, diatoxanthin, neoxanthin, flavoxanthin and other xanthophylls, The
plant body is multicellular but motile reproductive structure is unicellular. Photosynthetic
reserve food is stored in the form of soluble carbohydrate, called laminarin and also mannitol.
Cell wall is made up of cellulose, fusinic acid and alginic acid. Zoospores possess laterally
inserted two unequal flagella. There are about 1,000 species belonging to 195 genera in the
class Phaeophyceae.

2. Occurrence

Except few (e.g., Bodanella, Heribaudiella, Pleurocladia), most of the Phaeophyceae
members are marine. They are abundant in tropics (Sargasso sea of the Atlantic) and more
prominent in cold waters. They occur in littoral and sublittoral zones of the sea. In sublittoral
zone, thick forest?f kelps such as Laminaria with subflora of Alaria, Cutleria, Desmarestia,
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Dictyota and Himanthalia are present. Laminaria and Macrocystis are known to contribute to a
very high rate of primary production, having annual net production upto 2000 gr/rrr',

3. Thallus organization

The structure of thallus of the brown algae ranges from heterotrichous filamentous types
through pseudoparenchymatous uniaxial forms to true parenchymatous forms., Phenotypic
plasticity is wide spread in this class, Unicellular, colonial and unbranched forms are absent.
The simplest thallus organization in this phylum is the branched, heterotrichous habit, e.g.
Ectocarpus. The large sized brown algae are called kelps (Lamina ria, Nereocystis). Some are
called rock weeds (Fucus). Postelsia resembles a palm. Macrocystis reaches upto 100 meters.
In general, the vegetative organization of Phaeophyceae is of three following types.

(i) Ectocarpoid type - In Ectocarpus, heterotrichoustype of organization is found. The
thallus is profusely branched and cells are joined end to end in a single series.

(ii) Pseudoparenchymatous (corticated) type - Arthrocladia, Desmarestia and
Myronema, the lateral branches at the lower region of the plant body become rhizoidal and coil
around the main axis to form a compact pseudoparenchymatous cortex around the main axis.
They are also called haplostichous forms.

(iii) Truly parenchymatous type - These are also called Polystichous forms. 'In these
forms, thallus is leaf-like and true parenchymatous, e.g., Punctaria. Members of Laminariales
and Fucales possess improved type of parenchyma. The other examples for true
parenchymatous thallus organization are Fucus, Sargassum, Postelsia etc.

The plant body of Nereocystis is 20-25 meters long. It consists of a haptera, a stipe and
terminal large gas bladder having many blades on it.

In Laminaria, the thallus is morphologically distinguishable into holdfast, stipe and
blade (Fig. 6.1); The blade which is primarily photosynthetic and spore producing portion, is
highly dissected, Intercalary meristern is located at the junction of the stipe and the blade (Fig.
6.1). Intercalary growth takes place in Laminariales and leads to formation of gigantic plant
body (giant kelp).

4. Internal structure ,
In Dictyota, the strap-like thallus undergoes dichotomous branching repeatedly (Fig.

6.3A). The basal portion of the thallus forms a disc-like branched holdfast by which the thallus
remains attached to the solid substratum. In transverse section, the, thallus is seen to be
composed of three layers (Fig. 6.3B, C), the central one with large cells and, an upper and lower
epidermis with assimilatory cells from which tufts of mucilage hairs arise. 'Growth is restricted
'to the apical region of the branches (apical growth).

"\
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Fig. 6.1 Laminaria hyperborea, sporophyte
structure showing differentiation into
holdfast, stipe, and blade.

CUTICLE

.. ;:r---EPIDERMIS

.....•••••••..•J::::::
INNEFlCORTEX

1(\'5:~~~?>TRUMPET HYPHAE

Fig. 6.2 Laminaria sp. Longitudinal section
through medulla of stipe.
(adopted from Pandey, 2004).

Fig. 6.3. Dictyota dichotoma. A, habit; B, cross-section through antheridial sorus;
C, cross-section through oogonial sorus.

In Laminaria, the stipe consists of epidermis, cortex and medulla. Some of the
medullary cells produce vertically elongated hyphae, known as trumpet hyphae (Fig. 6.2),
lacking chloroplast and, involve in water and nutrient conduction.
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5. Cell structure

The cell wall is two layered. The outer layer is mucilaginous. The mucilage contains
gum-like substances such as algin, fucoidin etc. In Laminariales, special mucilage ducts are
found, secreting mucilage. Callose is found in the cell membranes of Laminaria digitata. The
inner layer is made up of cellulose.

In cytoplasm, mitochondria which are closely connected with chromatophores and
numerous vacuoles are present. In Dictyota and Fucus each cell contains a large vacuole. The
special bodies called fucosan vesicles are abundantly found in meristematic, photosynthetic and
reprodur . Ie cells.

Generally, the chromatophores are discoidal and parietal in position. In each cell.There
may be one or more chloroplasts (Fig. 6.6D). Double membraned chloroplast has got many
bands of photosynthetic lamellae. There are 3 or more photosynthetic lamellae (discs) stacked
into bands. Generally chromatophores lack pyrenoids. When present, usually protrudes from
the chromatophores (Fig. 6A). These chromatophores contain chlorophyll a, chlorophyll b,
xanthophyll and carotenoids as pigments. Fucoxanthin over masks the other pigments, giving a
tinge of brown colouration to the plant body. The characteristic reserve food materials of this
group are the laminarin, mannitol, fats, hydrolases etc. Iodine is also stored in many algae. In
Laminaria, iodine concentration is 0.08 - 0.35%.

Majority of Phaeophyceae have uninucleate cells. Large nucleus with one or two
nucleoli is present in the cell. In Fucales the nucleoli are vacuolated. In Phaeophyceae the basic
chromosome number is 8.

6 Reproduction

The reproduction takes place by (i) Vegetative, (ii) Asexual, and (iii) Sexual methods.

(i) Vegetative Reproduction

Vegetative propagation takes place by fragmentation of thallus, e.g., Sargassum. In
some cases, specialized reproductive branches are formed. They are called Propagules, e.g.,
Sphacelaria. Adventitious buds develop in Fucus. They develop by the activity of meristematic
cells in young plants. These buds detach from parent plant and develop into a new plant.

(ii) Asexual Reproduction

. Asexual reproduction takes place by means of zoospores and also aplanospores formed
.'inside the sporangia.
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MITOCHONDRION
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CHROMATOPHORE NUCLEUS
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Fig. 6.4 Phaeophyceae, diagrammatic representation of a vegetative cell (Based on Bouck, 1965)

Zoospores - The formation of zoospores is most common in all the members of Phaeophyceae .
~_ except Dictyota and Fucus. The zoospores are pyriform and biflagellate. The anterior flagellum

-is larger than the posterior one (Fig. 6.5) except in Fucales. In Dictyotales single flagellum is
found on the zoospore. These zoospores are produced in the zoosporangia, .which are of two
types, unilocular sporangia and multilocular sporangia (or Plurilocular sporangia) (Fig. 6.6A,
B). »>
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Fig. 6.5 Zoospores of Phaeophyceae

-TINSEL
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Fig. 6.6 Ectocarpus siliculosus. A, a part of the plant with unilocular sporangia;
B, a part of the plant with plurilocular sporangia; C, a part of the plant of E.
cylindric us with both uni-and plurilocular sporangia; D, a cell.
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The unilocular sporangium may be terminal or intercalary in position. The nucleus in the

unilocular sporangium undergoes reduction division and gives rise haploid zoospores. They
germinate and gives rise gametophytic thalli, e.g. Ectocarpus.

The plurilocular sporangia are always terminal in position. Zoospores formed from the
plurilocular sporangium are diploid in nature and, they germinate and give rise to sporophytes,
e.g., Ectocarpus. The plurilocular sporangia are not known in Fucales and Laminariales.

Aplanospores - In some cases, instead of zoospores unilocular sporangia also produce
aplanospores. They are non-motile, e.g., Dictyotales (Fig. 6.8A). The first division is always
reductional. The aplanospores are always less in number. In Dictyota, and Zona ria each
sporangium produces 4 aplanospores and 8 aplanospores respectively.

Isogamous to oogamous types of sexual reproduction are found in Phaeophyta. Sexual
reproduction takes place only in haploid plant (gametophyte).

(iii) Sexual Reproduction

(A) Isogamous type - In this type, two
similar gametes are fused together. Isogamy is
common in Ectocarpales, Sphacelariales,
.Dictyosiphonales etc. In Ectocarpus
siliculosus, physiolqgical anisogamy is found.
In this, isogametes are formed from plurilocular
gametangium (Fig. 6.7A, B) but some gametes
are more active. Several active male gametes
cluster around a single passive female gamete
with their forwardly directed flagellum. It is
called clump formation (Fig. 6.7C).

Fig. 6.7 Ectarcarpus - A. Plurilocular Gametangium,
B. Liberation of gametes, C. Ectocarpus showing clump
formation

Ecturcurpus . A Plurilocular Gametangium

B Liberation of gametes
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(B) Anisogamous type - The fusion of two dissimilar games takes place, e.g., Cutleria,
Soranthera and members of Ectocarpales.

(C) Oogamous type - Oogamy is quite common in majority of Phaeophyceae. The
species may be homothallic or heterothallic. In Dictyotales the oogonial -sorus (Fig. 6.8B) and
antheridial sorus (Fig. 6.8C, D)occur on different plants whereas in Fucus they may occur in the
same conceptacles or in separate conceptacles as in Sargassum.

---------~-.-------------,
IMMATURE SP()RANGIUM YOUNG ANTHERIDIA

~----------------~--------------_I
Fig. 6.8 Dictyota dichototna. A, transverse section through a portion of
sporangial sorus showing immature and mature sporangia; B, transverse section
through an oogonial sorus showing oogonia; C, transverse section through
antheridial sorus showing young antheridia; D, transverse section through
antheridial sorus showing mature antheridia (adopted from Pandey, 2004) ..

1\

\

In Dictyotales, the antheridia are multilocular structures (Fig. 6.8C, D). Each cell of
anthcridiurn gives rise to spermatozoid. In Desmarestiales and Laminariales, the antheridia are
unilocular and each antheridium produces a single spermatozoid. Usually each oogonium
.pioduces a single ovum or oosphere (Fig. 6.8B).

I
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In Fucales, the special reproductive branches bearing receptacles at their tips, are found,
e.g., Scrgasswnand Fucus (Fig. 6.9). Several fertile conceptacles are scattered over these
receptacles.

HOlDFAST

.(!' ------------------------------~
.Fig.6.9 Fucus sp. A, complete plant=thallus

The development of conceptacle - The conceptacle develops from any superficial cell
of the meristoderm usually situated near the apical region of the receptacle. The cell of the
meristoderm becomes prominent. The other surrounding cells of the meristoderrn. undergo
divisions comparatively at a higher rate and bring down the conceptacleinitial in the bottom ~f
the flask-like cavity (Fig. 6. lOA-E). This initial divides transversely into the tongue cell and
basal cell. The tongue cell degenerates but basal cell divides and redivides anticlinally and
gives rise to a fertile l~yyr of cell sheet. This fertile sheet develops the antheridia or oogonia, as
the case may be.
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Fig. 6.10 Fucus sp. Sexual reproduction, development of conceptacle. A-D. successive stages
in the development of conceptacle; E. a conceptacle, with antheridia, oogonia and paraphyses

, (Adopted from Pandey, 2004)

CONCEPTAClE INITIAL

MERISTODERM

c

TONGUE CELL

\In Fucus, eight eggs are produced in the oogonium. The eggs liberate in the water and
fertilization takes place externally.

D
OOGONIUM

ANTHERIDIA

E

7 Alternation of Generations and Life Cycles

There are three general types of life cycle found in the class Phaeophyceae,
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(i) Isomorphic life cycle - Isomorphic alternation of generations is found in this cycle.
Both sporophyte and gametophytes are morphologically similar, as seen in the members of
Ectocarpales, Spacelariales, Dictyotales, Cutleriales and Tilopteridales.

r Ectocarpus plant
(2 N)

zoosporesl '
(2 N)

r Plurilocular
sporangia

(2 N)

Zygote
(2 N)

Unilocular sporangia
(2 N)

Meiosis

Diploid phase Zoospores
(1 N)

~

Fig. 6.11 Ectocarpus - Graphic representation of Isomorphic alternation of generations

Ectocarpus plant
(1 N)

+--------_1
Plurilocular
sporangia
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(ii) Heteromorphic life cycle - An· alternation of morphologically dissimilar
(heteromorphic) diploid and haploid generations is found, e.g., Laminaria, Nereocystis
(Laminariales) .

/
Laminaria plant

(2 N)

Zygote·
(2 N)

Oosphere (egg)
(l N)

\
Oogonium

(1 N) \

Spermatozoids
(l N)

Female
gametophyte

(l N)\
Antheridium

(1 N)

~ Male gametophyte
(l N)

Sporangia
(2 N)

Zoomeiospores
(l N)

Fig. 6.12. Laminaria - Heteromorphic alternation of generations
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(Hi) Diplontic life cycle - In this, there is no alternation of generations and complete

suppression of the haploid generation, as seen in Fucus. In this genus, gametophytic phase is
represented by egg and antherozoids.

FragmentatiO\

'. VegetativeI
f~US ~

Sexual Oogonial
conceptacle

(2N)j

Oogonia
(2 N)

Antheridial
conceptacle

(2 N)

1
Antheridia

(2 N)

Zygote Meiosis/
(2 N) ~ . 7 Meiosis

t
r ~ Eggs

(l N)
~ Spermatozoids

(1 N)

Fig. 6.13 Fucus - diplontic life cycle

8. Classification

Fritsch classified the class Phaeophyceae into nine orders: (i) Ectocarpales. (ii)
Tilopteridales, (iii) Cutleriales, (iv) Sporachnales, (v) Desmarestiales, (vi) Laminariales, (vii)
Spacelariales, (viii) Dictyotales, (ix) Fucales.

Taylor divided the class Phaeophyceae into 3 subclasses: (I) Isogeneratae, (II)
Heterogeneratae, and (III) Cyclosporae.

(i) Subclass Isogeneratae: Those species showing isomorphic alternation of generations are
. classified under this subclass. This includes 8 orders.
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(A)Ectocarpales - Branched heterotrichomes plant body; trichothallic growth; reproductive
structures terminal or intercalary; the sporophyte produces zoospores; isogamy.

•..
(B) Spacelariales - Growth by a single large apical cell divides lengthwise in ~ regular

polysiphonous manner; sporophyte may produce haploid or diploid zoospores; ISO or
anisogamy.

(C)Tilopteridales - Thallus freely branched showing trichothallic growth; uppes portion of
thallus monosiphonous and lower portion polysiphonous. Sporophytes produce unilocular
sporangia, each sporangium gives rise a single quadrinucleate aplanospore; gametangia
intercalary.

(D) Cutleriales - Thallus flattened, blade-like or disc-like, dichotomously branched; the
sporophyte produces unilocular sporangia only; anigogarny.

(E) Dictyotales - Flattened, erect, dichotomously branched parenchymatous thallus; growth by a
single apical cell; sporophyte produces unilocular sporangia, each sporangium contains 4 or
8 aplanospores: Oogamy.

(ii). Subclass : Heterogeneratae:
Polystichineae.

This includes two series, Haplostichineae and

I· Series Haplostichineae: Thallus consists of one or more filaments; trichothallic growth .. Three
i orders included in this series.

(A) Chordariales - Branched filamentous sporophyte; isogamy.

(B) Sporochnales - Each branch of the sporophyte terminates in a tuft of hairs;
trichothallic growth; only unilocular sporangia borne terminally in dense clusters; oogarny.

(C) Desmarestiales - Macroscopic thallus, pseudoparenchymatous cortication;
gameophyte microscopic; oogamy.

Series Polystichineae: Longitudinal and transverse intercalary cells form a parenchyma ..

(A) Punctariales - Parenchymatous, sporophyte of medium size; sporophyte produces
by zoospores; garnetophyre microscopic; isogamy or anisogamy.

(B) Dictyosiphonales - Profusely branched cylindrical thallus, growth by single apical
cell; unilocular sporangia on sporophyte; gametophyte microscopic, isogamy.

(C) Laminariales - Sporophyte differentiated into holdfast, stipe and blade, growth by
intercalary meristem; internal differentiation of thallus into epidermis, cortex and medulla;
sporophyte bears only unilocular sporangia in sori; gametophyte microscopic; oogamy.
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(iii) Subclass: Cyclosporae

Order Fucales: Life cycle is diplontic; parenchymatous thallus; growth bya single
apical cell; antheridia and oogonia develop in the conceptacles situated on the receptacles;
gametophytic phase represented by eggs and antherozoids; oogamy.

9. Phylogeny & Interrelationships

Members of Phaeophyceae show parallel evolution with Chlorophyta and Rhodophyta in
having the heterotrichous, uniaxial or multiaxial plant bodies. They also resemble Cryptophyta,
Pyrrophyta and Bacillariophyta in possessing chlorophyll c. Further, presence of oil and
saturated fats is a common feature of the brown algae as of the Xanthophyceae, Chrysophyceae
and Bacillariophyceae. The swarmers (swimming cells) of the Phaeophyta are also very similar
to those of Xanthophyceae and Chrysophyceae with reference to the morphology of flagella.

Two divergent lines have been established in the evolution of Phaeophyceae. One of
these lines has given rise to the groups possess isomorphic alternation of generations, and the
other to the groups of heteromorphic alternation of generations. In both the series.xhere has
been a progressive evolution towards the complexity of the thallus and from isogamous to
oogamous type of reproduction. The order Fucales may be considered as an advanced one in
heteromorphic series.

10 Economic importance

In Japan, people use more than 20 species of brown algae as food. They begin to collect
the kelps in July and continue upto October. The acetic acid is extracted from seaweed by
means of fermentation. In many places, Nereocystis is used in the preparation of medicines,
poultry feed, and for the extraction of potash salts. About 30 per cent of the dry weight is
potassium chloride.

Macrocystis and Laminaria are the chief source for the extraction of algin. Algin is used
in the preparation of paints and varnishes, and also in the preparation of ice creams.. Egregia
(kelp) is used as fertilizer. Seaweeds also contain iodine and other salts.

11. Summary

The members of Phaeophyta are brown or yellowish brown in colour due to the presence
of sufficiently larger quantity of fucoxanthin. The plant body is multicellular but motile
reproductive structure is unicellular. They are abundant in tropics (Sargasso sea of the Atlantic)

/and more prominent in cold waters.
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The thallus structure of the brown algae ranges from heterotrichous filamentous types
through pseudoparenchymar-us uniaxial forms to true parenchymatous forrns.. The simplest
thallus organization in .his phylum is the branched, heterotrichous habit, e.g., Ectocarpus. The
large sized brown algae are called kelps (Lamina ria, Nereocystis).

In Laminaria, the thallus is morphologically distinguishable into holdfast, stipe and
blade. The blade which is primarily photosynthetic and spore, producing portion, is highly
dissected. Intercalary growth takes place in Laminariales and leads to formation of gigantic
plant body.

In Dictyota, the thallus is repeatedly branched dichotomously. In transverse section, the
thallus is seen to be composed of three layers, the central one with large cells and, an upper and
lower epidermis.

The cells are uninucleated and one or more discoidal chromatophores which are parietal
in position. The characteristic reserve food materials are the laminarin, mannitol, fats,
hydrolases etc.

The reproduction takes place by vegetative, asexual and sexual methods. Asexual
reproduction takes place by zoospores produced in the unilocular and plurilocular sporangia,
e.g., Ectocarpus. Isogamous to oogamous types of sexual reproduction are found in
Phaeophyta. Oogamy is quite common in majority of Phaeophyceae. In Dictyotales the
oogonial sorus and antheridial sorus occur on different plants; whereas in Fucus they may occur
in the same conceptacles or in separate conceptacles as in Sargassum.

Two divergent lines have been established in the evolution of Phaeophyceae. One of
these lines has given rise to the groups possess isomorphic alternation of generations, and the
other to the groups of heteromorphic alternation of generations. In both the series, there has
been a progressive evolution towards the complexity of the thallus and from isogamous to
oogamous type of reproduction.

Model Questions

(1) Essays Questions

(i) Describe the thallus organization and ultrasifucture of cell in Phaeophyceae.
(ii) Give an account on reproduction and alternation of generations in Phaeophyceae.

(2) Short answer questions

(i) Cell ultrastructure in Phaeophyceae
(ii) Conceptacles in Fucus.
(iii) Life cycle of Laminaria.

8)
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. (iv) .Asexual reproduction in Ectocarpus.
(v)·~· Classification of Phaeophyta.
(vi) Economic importance of Phaeophyceae.
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RHODOPHYTA (Red Algae)
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(i) Vegedtive Reproduction
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. 8. Phylogen~ and Interrelationships
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10. Summary

1 Introduc1tion

The p~ylum Rhodophyta with a single class Rhodophyceae divided into two subclasses,
viz., Bangioi~eae (or Bangiophycidac) and Florideae (or Florideophycidae).

Due to the presence of excess of v-phycoerythrin in their chromatophores, the thalli of
various specids of Rhodophyta are appeared red in colour. This red pigment masks the colour of
other photosynthetic pigments. The Rhodophyta are characterized by the following features:

(i) Flagellated motile stages are completely absent.

(ii) The sexuality is highly specialized in this group. The non-motile, male gamete, kn~wn as
spermatium is passively transported to and lodged on the trichogyne of female
carpogonium. Besides, distinct post-fertilization developments are found in this group.

I
Cell.4all is made up of polysulphate esters of carbohydrates, in addition to cellulose and
pect1l1j

(iii)
'-

, (iv)
I

In multicellular forms, cytoplasmic connections (pit connections) are found between
adjacent cells.

I
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(v) Characteristic pigments in this group are biliproteins (y-phycoerythrin, y-phycocyanin),
taraxanthin and chlorophyll d, in addition to chlorophyll a, a-and ,~-carotene, lutein,
zeaxanthin and neoxanthin.

(vi) The reserve food materials are floridean ~tarch and galactoside floridosides.

(vii) Majority of red algae show the triphasic life cycle, and others biphasic life cycle.

2. Occurrence and Ecological importance

. Majority of red algae are marine growing in littoral and sublittoral zones. They grow in
almost all marine habitats but their greatest concentration occur in warmer seas. Red algae
prefer to grow in deeper waters where they receive only blue-green wavelengths of light. This
spectral region is sufficient for the generation of y-phycoerythrin; the dominant red pigment for
photosynthesis found in the thalli of this group of .algae. They also exhibit complementary
chromatic adaptation, so that the colour of the incident light induces the development-of a
particular photosynthetic pigment which has maximu:r.nabsorption of the incident light:

Unicellular red alga Porphyridium grows in damp soil. Some are fresh water forms, e.g.;.
Batrachospermum, Lemanea etc. Some of the calcareous algae, e.g., Corallina and
Lithothamnion are responsible for the formation of coral reefs.

Certain parasitic. red algae, e.g., Gardneriella tuberifera, Ceratocolax hartzii,
Choreonema thuretii etc., lack pigments and penetrate host tissues.

3. Range of-thallus organization

There is a great diversity in the vegetative structure of red algae. .The. subclass
Bangioideae, with a single order Bangiales, comprises unicellular (Porphyridium), filamentous
(Goniotrichum), and parenchymatous (Porphyra) forms.

The subclass Florideae ' show more elaborative thalli with two main· types of
organization, uniaxial and multiaxial. In both the cases pseudoparenchymatous thallus results
from the coalescence of filament branches .

. The uniaxial thalli have a single central or axial filament; which may be corticated, with
a number of richly branched laterals organized to form a pseudoparenchymatous structure, e.g.,
Batrachospermum and Dumontia.

In Batrachospermum, the thallus is uniaxial (monosiphonous). There is a central
filament of unlimited growth with a single dome shaped apical cell. This apical cell divides
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CHROM.t\TO-
PHOhE

~ B ~
Fig. 7.1 Batrachospermum, A. Thallus showing habit; B .. Part of thallus with glomerules and
cystocarps; C. Electron micrograph (diagrammatic) of a vegetative cell, D. Electron micrograph
(diagrammatic) at the region of a septum showing pit connection. (C and D - after Brown and
Weier, 1970).
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transversely to produce an axial row of large and cylindrical cells. At a short distance, below
the apical cell, there are four lateral projections, which grow out as lateral branches, limited in
their growth. These lateral branches form a spherical or globose cluster (Fig. 7.1A, B). This
globose cluster of laterials- is called glomerule which gives the whole thallus a beaded
appearance to the naked eye. As the axis (central filament) becomes elongate, the whorls of
lateral branches get separated. The basal cells of the lateral branches give rise to rhizoid like
branches (unlimited growth) which grow out and cover the axial cell downwards and form a
multicellular-axis with cortication.

In the multi axial forms, such as Polysiphonia (Fig. 7.2), the axial cell divides vertically
to form a central and a number of pericentral siphons. The pericentral cells undergo division
periclinally and anticlinally to' produce a multicellular cortex giving rise to a pseudo-
parenchymatous thallus or may serve· as the initials of lateral branches. Thus the multiaxial
cylindrical thallus (Fig. 7;2A, B) is differentiated into a central medulla, a cortex for the storage
of food and an outer layer of cellswith chromatophores asin Gelidium. The inner cells do not
divide-any more and become .stretehed and elongated 'while the cells from the centre to periphery
become progressively smaller (Fig.' 7:2C, D, E, F).

4. Cell/structure

The red algae are truly eukaryotic. They have microtubules but lack centrioles and'
flagella.

Cell Wall - It is distinguished into two layers, the outer layer is made up of pectic
. substances and inner layer with cellulose. In some forms, e.g., Porphyridium, mucilaginous

envelope is found around the cell and they show gliding motility. The pit connections are'
lenticular plugs and they are occupied a central position in the septa between adjacent cells (Fig.
7.1D). The rhodophycean pitconnections are very similar to septal plugs of fungi.

The protoplasm - It is highly viscous. Many scattered grains of floridean starch occur
in the cytoplasm. In Bangiales there is no central vacuole, but in all Florideae the cytoplasm
possess a conspicuous central vacuole (tonoplast bound).

The nucleu~ - The cells are uninucleate in lower Rhodophyceae orders such as
Cryptonemiales, Bangiales etc. In ,higher orders, Ceramiales, Rhodymeniales etc., cell are
multinucleate. In some rhodophycean forms, e.g., Griffthsia, each cell possesses 3,000-4,000
nuclei. The nuclei are with one ormore prominent nucleoli. The nuclei may migrate from one
cell to another through a pit connection. There is a well-developed chromatin net work.

'.i
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The Chromatophores and Pigments - In majority of Rhodophyceae, the number of
chromatophores is more than one per cell (Fig. 7.1C). They may be band-like in Ceramiales,
and irregularly lobed or discoidal in Polysiphonia. In lower Rhodophyceae (order Bangiales),
there is a singie stellate chromatophore in each cell.

PERICENTAAL
SIPHON

CO RTICAL CELLS ..--'=:s::.I:"t+)

Fig. 7.2 Polysiphonia sp. A.habit of the plant; B. a portion of the plant
(somewhat enlarged); C-D. cortical siphons; E. filament showing central

siphons; F. T.S. of siphonous filament (Adopted from Pandey, 2004).
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Chromatophore possesses a centrally placed naked (without starch sheath) pyrenoid. The

pigments which are abundantly occurred in red algae are y-phycoerythrin (red water soluble
pigments) and y-phycocyanin (blue water soluble pigments). Besides, chlorophyll a,
chlorophyll b, xanthophylls and carotenes (~-carotene) are present.

Reserve food products - The most important food product is floridean starch. In the
form of small grains, it is distributed throughout the cytoplasm. The floridean starch differs from
thechlorophycean starch in being devoid of amylose. In some respects, thefloridean starch
resembles the amylopectin of higher plants. In many Rhodophyceae a soluble sugar,
floridoside, is found; Floridoside is a galactoside of glycerol.

Endoplasmic reticulum - In red algae the functions of endoplasmic reticulum are
diverse and 'manifold including (a) septal plug formation,(b) fibrous vacuole formation, (c)
spermatial vacuole formation, (d) vesicle formation in spores, (e) mucilage production by fusion
cells, and (f) cleavage channel formation and wall secretion during cytokinesis.

Golgi bodies - The golgi-derived vesciles playa important role in cell wall formation
and in the production storage food materials. Golgi bodies consist of vesicles of fibrillar, d8red
or striated.

5. Reproduction

The reproduction takes place by vegetative, asexual and sexual methods.

(i) Vegetative Reproduction

Rarely fragmentation of thallus has been reported in fresh water Bangioideae, e.g.,
Asterocystis. The Red Sea-alga Centroceros clavatum produces missile-shaped vegetative
propagules, carried away by ocean currents and settle on leaves of seagrasses ..where they
develop into new individual plants.

(ii) Asexual Reproduction
Motile reproductive structures are completely absent in Rhodophyceae. Asexual

reproduction of the gametophyte takes place by monospores, neutral spores, tetraspores and
carpospores. Production of monospores in monosporangia (a single monospore in a single
monosporangium) is the chief method of propagation in the Chantransia-stage of
Batrachospermum. Asexual reproduction takes place by neutral spores in Porphyra and Bangia.
These spores are produced directly by transformation of vegetative cells into spores.
Tetraspores are produced in the tetrasporangium after meiotic division. Tetraspore germinates
and gives rise gametophyte, e.g. Polysiphonia. Production of carpospores is a common feature
in Florideae. In the order Nemalionales, the carpospores are haploid and on germination give
rise to sexual gametophytic plant; in the order Florideae, the carpospores are diploid and
germinate into a sporophytic plant.
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(iii) Sexual Reproduction
,Ir-

In majority- of Rhodophyta, the sexual reproduction is oogamous which is highly
elaborative and specialized type. The entire reproductive process in Rhodophyta is unlike that
of any other group of the plant-kingdom. Sexualreproduction has not reported in Bangioideae
except Bangia and Porphyra. In oogamy female sex organ known as Carpogonium and male
sex organ, spermatangium (antheridium) are involved.

Male reproductive structure - Non-motile male gametes termed as spermatia ~re
brought about by water currents and lodged on the tip of the female reproductive structure. T"ffc
spermatia are borne singly within an spermatangium. The spermatangia may be disposed in
clusters on certain special branches as in Polysiphonia (Fig. 7.3 A, B, C) or in others they may
lie in sorias in Apoglossum.

Female reproductive structure - The female organ, carpogonium may be sessile in
Bangioideae (the most primitive group); but in Florideae, they are borne on a special branch,
carpogonial branch or procarp (Fig. 7.3D, E). The procarps are present on greatly reduced
fertile trichoblasts of the female gametophyte. The initial of the fertile female trichoblast arises
3-4 cells away from the apex of the thallus. This initial grows into 5-7 cells in length. The three
basal cells undergo divisions to give rise peri central cells. One of the peri central cells on the
adaxial side (facing axis side) functions as the supporting cell of the future carpogonial filament
(Fig.7.3E). This supporting cell by undergoing successive transverse divisions, forms4-celled;
curved carpogonial filament. The terminal cell of the carpogonial filament metamorphoses into
a carpogonium with a swollen base and a long, erect trichogyne (Fig. 7.3F). The trichogyne is
demarcated by a median constriction from the basal, swollen portion of the carpagonium in
which egg nucleus is located. Egg cell is rich with protoplasm and reserve food materials.

\1

, i
Fertilization - Spermatia are lodged on the trichogyne (Fig.74A;. B). The tip of the

trichogyne becomes mucilaginous and the wall between spermatium and the trichogyne
dissolves. The male nucleus enters through the opening, moves down the trichogyne and finally
fuses with the egg nucleus. After fertilization trichogyne shrivels away.

Post-fertilization changes - Immediately after the fertilization, the zygote divides
meiotically to form four haploid nuclei in Batrachospermum and other members of the order
Nemalionales. At this time, the fertilized carpogonium develops several small protuberances.
Haploid nuclei divide mitotically and migrate into the protuberances. Each protuberance
consisting of a single nucleus starts functioning as a initial of a gonimoblast filament. Thus,
several branched gonirnoblast filaments (Fig. 7 :4C) arise from the base of the carpogoniurn. The
terminal cells of the gonimoblast filaments later differentiate into carposporangia within Which
the haploi~ carpospores are formed singly.
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Fig. 7.3 Polysiphonia, A. part of a thallus with an antheridial-branch; B.
antheridial branch in longitudinal section, C. transverse section of

antheridial branch; D-G. showing stages in development of carpogonium.
(adopted from Pandey, 1981).

H
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spermatium

B c
Fig. 7.4 Batrachospermum moniliforme. A-C, fertilization and post-fertilization stages.

In Polysiphonia, zygote divides mitotically and gives rise diploid carpospores. After
fertilization in Polysiphonia, the supporting cell divides and produces an auxillary cell just near
the base of the carpogonium (Fig. 7.SA, B). A tubular connection is established in between the
base of the carpogonium and auxiliary cell, and the diploid zygotic nucleus lying in the
carpogonium now passes down into the auxiliary cell. Later the diploid nuc1eusdivides
mitotically produces gonimoblast filaments on the upper side (Fig. 7.5B). Carposporangia and
carpospores are diploid in this genus. After the formation of carposporangia, there is a gradual
fusion of the supporting cell, the auxiliary cell and the cells of sterile filaments. This leads to a
formation of large irregularly-shaped cell, termed as placental cell (Fig. 7AC). In the meantime,
fleshy pericarp around the carposporangia is formed by the divisions of pericentral cells near the
supporting cell of the female trichoblast. As a result, an urn-shaped fruit body known as
cystocarp with a ostiole (opening) is formed (Fig. 7.4D). This is carposporophyte stage with
cystocarp in which carposporangia are present.
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GONIMOBlAST INITIAL
AUXILIARY CELL I

"~< I~

CARPOGON1At,
~RANCH PERI CARP

Fig. 7.5 Polysiphonia. A. a fertilized carpogonium with auxiliary cell; B & C. stages of
development of a carposporophyte; D. a mature cystocarp; E & F. showing development of a
tetrasporophyte in transverse and longitudinal section respectively (Based on Smith, 1955).
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Germination of carpospores - In Batrachospermum, haploid carpospore germinates
and gives rise heterotrichous habit of Ch'antransia stage which later differentiate~ into adult
plant of Batrachosp~rfn~m. "'" .
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In Polysiphonia, the diploid carpospore is germinated to give rise diploid tetraspomphyte
which bears tetrasporangia. This tetrasporophyte is morphologically similar to the haploid
gametophyte bearing sex organs. Now the nucleus of tetrasporangiurn undergoes meiotic
divisions and gives .risezlhaploid tetraspores. On germination, these tetraspores develop into
gametophytic plants bearing sex organs. "

6. Life Cycles

Red algae exhibits two types of lifecycles:

(i) Haplobiontic - Two well developed haploid phases alternate with diploid zygote, e.g.,
Batrachospermum (Fig. 7.6). '

.........»:"4
Batrachospermum

(1 N)

~

'.'

.

.-" .. ' ..... \.'."':;~':,'. '

. . . : -.~,' '-'

. ! . ~

Special branch.i:
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/ Glomerule
(tN)

I
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Antheridium
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Spermatium
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'\,
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Zygote
(2 N)

Egg
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Fig. '7.6 Life cycle of Batrachospermum.

Morphologically, Batrachospermum is triphasic (or trigenic) as it involves alternation of
three successive, dissimilar haploid somatic generations. So it is also known as
HaplohaplohaplonticIife cycle. Cytologically, it is haplobiontic life cycle. , " i

(ii) Diplobiontic - Two diploid nhases and one haploid phase occur, e.g., Polysiphonia
(Fig. 7.7).
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Fig. 7.7 Life cycle of Polysiphonia

7. Classification

The class, Rhodophyceae divided into two subclasses, (i) Bangioideae and (ii) Florideae.

(A) Bangioideae

The subclass Bangioideae is characterized by having the inter,caJarY'g;woth of thallus
and diploid carpospores derived directly from the zogote.

There is a single order Bangiales in this subclass .

. (B) Florideae
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In the subclass Florideae, the growth of the. thallus is strictly apical and plasmodesmatal
strands are very conspicuous. The carpospores are formed indirectly from the zygote.

There are six orders in this subclass, viz., (A) Nemalionales, (B) Gelidiales, (C)
Cryptonemiales, (D) Gigartinales, (E) Rhodymeniales, and (F) Ceramiales.

(a) Nemalionales - The members of this order are non-tetrasporic, and carpospdrophytes
are derived from zygote which undergoes meiosis, e.g., Bdtrachospermum.

~
000",,0. (b) Gelidiales - This order possesses only the tetrasporic plantsof Florideae where the

carposporophyte develops directly from the carpogonium. There is absence of auxiliary cells.
The thallus is compact and all the members are uniaxial in construction, e.g., Gelidium.

(c) Cryptonemiales - They are the only tetrasporic Florideae which beara~ auxillary
cell borne in a special filament of the gametophyte. Auxiliary cell filaments are supposed to be
modified carpogonial filaments. These plants show diplobiontic type of life cycle and possess
the most elaborative carposporophytes in the Rhodophyceae. The members of Cryptomoniales
have their cell walls impregnated with lime. Some of these calcareous algae develop coral reefs,
e.g. Corallia.

(d) Gigartinales - They are the tetrosporophytic Florideae. The auxiliary cell IS

developed before the fertilization and it is a vegetative cell of the gametophyte.

(e) Rhodymeniales - They are also tetrasporic Florideae. Auxiliary cell is formed
before fertilization. Closed cystocarp (without an ostiole) is present in this order.

(0 Ceramiales - They are tetrasporic Florideae. The auxiliary cell is formed after
fertilization. Diploid carpospores give rise the diploid sporophyte, e.g., Polysiphonia.

8. Phylogeny and Interrelationships

Fossil evidences show that the Rhodophyta must have evolved after Cyanophyta during
the precambrian era. Both groups resemble each other in many morphological and biochemical
features (Table 7.1). Although' the mernbes. ·of Bangioideae are less elaborati ve than the
Florideae but they resemble the Cyanophyta in lacking the sexual reproduction and also in cell
structure.

The most important resemblances these two groups show are: (1) Presence of biliprotein
pigments, (2) total lack of flagellated stages, (3) similarity of rhodophycean and cyanophycean
starch, (4) thylakoids arranged singly and widely separated, (5) xylans as chief component.in
cell wall, (6) sulphated galactose, uronic acid, glucose and xylose as main components in the
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mucilage of Cyanophyta and, Bangiales and Nemalionales of Rhodophyta, and (7) presence of
pit connections in many Florideae and Stigonematales of Cyanophyta.

Inspite of these similarities, there are some fundamental differences in the cell structure,
pigmentation and reproduction in between these two groups (Table 7.1).

Table 7.1. Differences between Rhodophyta and' Cyanophyta

I SI.No. I Character .. Rhodophyta - Cyanophyta
I -

1 Cell structure Eukaryotic Prokaryotic
2 Pigments Chlorophyll a, and / Chlorophyll a, myxoxanthin,

/
chlorophyll d, zeaxanthin, myxoanthophyll, oscillaxanthin
neoxanthin

3 Cell wall I Cellulose and other Mucopolymers are main components
I ' carbohydrates in some forms

4 I Motile stages Completely absent ., Non-flagellate multicellular motile

I I - stages, i.e., hormogonia formed in
many forms

5 True sexuality Present Absent; a primitive type of
parasexuality, i.e., genetic

, recombination, occurs in some
i

I- members

L.6 Heterocyst and Absent ~.. '-- Many species have heterocysts and
nitrogen fixation can' fix atmospheric nitrogen

I 7 I.Chromosomes Typically eukaryotic True chromosomes not known, DNA
fibrils not associated with his tones
but present in nucleoplasmr--

Endoplasmic Present Absent

••
I 8
i reticulum

I 9 i Golgi bodies Present Absent

\

On account -of.the above similarities and differences, it is widely believed, that the
Rhodophyta and Cyanophyta might have evelved from the common ancestor. . Modern
phycologists believe that the Rhode phyra is a distinct group of having primitive eukaryotic algae
with many similarities with Cyanophyta.

9. Economic importance ,
The gelling agent; agar use.l in microbiological media is extracted from red algae. 'The

Porph>a is used a~"~portant ingredient in soups and also cooked as a flavouring agent with
meat in China and Jap.i!'h--.The alga Rhodymenia palmata is used as a food and also in the
preparation"-o[ medicineS':~A.nother important edible alga, Chondrus crispus, commonly knowr;

" --
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/

as Irish moss, is utilized in the preparation of various pharmaceuticals in eluding laxatives and
cosmetics.

10. Summary

The phylum Rhodophyta is characterized by the pigment, y-phycoerythrin which gives
red colour to the thallus. There is a great diversity in the vegetative structure of red algae. The
subclass Bangioideae, with a single order Bangiales, comprises unicellular (Porphyridium).
filamentous iGoniotrichumv and Parenchymatous (Porphyra) forms.

The red algae are truly eukaryotic. They have microtubules but lack centrioles and
flagella. The cells are uninucleate in lower Rhodophyceae orders such as Cryptomoniales and
Bangiales, In higher orders, ceramiales, Rhodymeniales etc., cells are multinucleate. The most'
important food product is floridean starch.

/.,
The reproduction takes place by vegetative, asexual and sexual methods. The se x,u"a 1

reproduction is oogamous, which is highly elaborate and specialized type. The female sex oifgal\
is known as carpogonium and the male sex organ is spermatangium. During post-fertilization, an
urn-shaped fruit body, known as cystocarp with a ostiole (opening) is formed. This is a
carposporophyte stage with cystocarp in which carposporangia are present. In
Batrachospermum. haploid carpospore (present in carposporangia) germinates and gives rise
Chantransia stage which in turn differentiates into adult plant of Batrachospennum. In
Polysiphonia, the diploid carpospore germinares to give rise to the diploid tetrasporophyte that I

bears tetrasporangia. Now the nucleus of tetrasporangium undergoes meiotic divisions and I
gives rise 4 haploid tetrasproes. On germination, these tetras pores develop into gametophytic
plants bearing sex organs.

Model Questions

(1) Essay Questions

(i) Give an account on characteristic features and reproduction in Rhodophyta.
(ii) Discuss characteristic features and post-fertilization changes in Polysiphonia.

(2) Short Answer Questions

(i) Post-fertilization changes in Rhodophyceae
(ii) Phylogeny and interrelationships of Rhodophyceae
(iii) Thallus organization in Rhodophyceae
(iv) Classification of Rhodophyceae.
(v) Cystocarp in Polysiphonia.
(vi) Thallus organization in Batrachospennum.
(vii) Differences and similarities between Rhodophyceae and Cyanophyceae.
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1. Introduction

r-,

, About a century ago botanists divided the Plant Kingdom into two main groups,
Cryptogamia and Phanerogamia. It was later 'replaced by a system in which Thallophyta,
Bryophyta, Pteridophyta and Spermatophyta were recognised as the divisions of the Plant

. \

Kingdom. Engler (1886) suggested that all the plants above the level of Thallophyta should be
grouped together under the Sub-kingdom Embryophyta. This sub-kingdom includes all the
plants in which the zygote, formed as a result of fertilization, gives rise to a multicellular
embryo that undergoes its early development within either an archegonium or an embryo sac.

Recently doubts have been expressed about the validity of Thallophyta, Pteridophyta and
Spermatophyta as the natural divisions of the Plant Kingdom but the position of Bryophyta as a
natural divisionl seems secure.

The Bryophyta include the simplest and most primitive members of the Embryophyta.
They are small, (largest bryophyte, Dawsonia, may reach a height of 40 to 70 centimetres) rather
inconspicuous green plants that would hardly be noticed as individuals with, the naked eye, but
since they usually grow in tufts or cushions, they contribute much as a whole to the green colour
of the mountains, forests and moors, especially in the rainy season.

/

With the exception of a few water forms, which have. acquired the aquatic habit
secondarily, they are the simplest and truly land inhabiting plants, and are usually restricted to
moist, shady places. They may be regarded as incompletely adapted to land conditions, because
almost all of them still require water for the act of fertilization. Most of them also require
sufficient moisture for vigorous vegetative growth, and they are unable to grow actively during
dry periods. On account of their complete dependence on external water for completing their
life-cycle, the bryophytes along with the pteridophytes may be regarded as the amphibians of
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the plant world.

8.2 BRYOPHYTA!

The bryophytes occupy a position intermediate between the green thallophytes (Algae)
and the vascular cryptogams (pteridophytes) in respect to their morphological features, though
no distinct link connects them with anyone of these two groups. They are characterized by the
following features: .

The gametophyte is the conspicuous, longer-lived phase of the life-cycle as compared
with the sporophyte generation. The gametophyte, though small, is highly developed and
differentiated, and is an independent plant at maturity. The gametophyte plant body is either a
flattened thallus or a definite rootless leafy shoot. In the former case it is not differentiated into
root, stem and leaves. In the latter case the leaves and stems are not comparable to the leaves
and stem of the vascular plants (Tracheophyta), because in the bryophytes they belong to the
gametol?,hyte generation, whereas in the vascular plants they ate parts of the sporophyte
generation.

/

A true root, characteristic of. the vascular plants, is completely wanting in bryophytes.In
the gametophyte generation the function of root is taken up by unicellular or multicellular hair-
like structures known as the rhizoids.

The archegonium is usually stalked, with a more or less clearly defined venter. The
venter wall enlarges with the developing embryo to form the protective envelope, the calyptra.

The development of the sporophyte is of very limited kind, and the short embryogeny is
soon succeeded by sporogenous phase (cf. other embryophytes) ..

The sporogomum (sporophyte) is a simple structure not differentiated into stem, leaves
and roots. -It usually consists of a foot, seta, and a terminal spore-producing capsule or
sporangium. In certain cases the seta is absent and more rarely the foot also. The sporogonium
has no connection with the soil and is wholly dependent on the gametophyte for its water and
mineral nutrition supply.

All bryophytes lack typical vascular tissues (xylem and phloem) in their sporophytes and
gametophytes.bence the alternative name Atracheata suggested by Tippo (1942).

The spores of any given species are usually morphologically all alike in size and form
(homosporous) .

The unicellular-.haploid spore germinates to produce a juvenile or protonemal phase.
~I
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commonly filamentous, but sometimes ovoid, globose, plate-like or thalloid, which precedes the
fOl!llation of adult type of gametophytic plant.

2. General characters

In addition the bryophytes share the following characteristics with the pteridophytes.

The life-cycle shows a distinct ('and sharply defined heteromorphic alternation of
generations. There are thus in these plants two distinct phases in the life-cycle, and the two
phases follow one another in regular succession. The phase with one complete, set of
chromosomes .in the cells, i.e., the haploid phase (n) is the gametophyte or sexual generation,
because it bears the sexual reproductive organs and usually produces gametes, i.e., antherozoids
and eggs. This stage intervenes between meiosis (reduction division) and syngamy. .

(fertilization). The phase with two sets of chromosomes in the cells, i.e., the diploid phase (2n)
is commonly termed the sporophyte or the non-sexual generation because it usually ends with
the production of asexual spores. The sporophyte generation intervenes between syngamy and
meIOSIS.

They are oogamous, i. e., sexual reproduction takes place by gametes, differentiated into
motile male gametes, the antherozoids, and a large non-motile female gamete, the egg
(oosphere ).

The gametes are produced within sex organs, which are multicellular and provided with
an outer sterile jacket (cf. Algae).

The male sex organ is the antheridium. It usually consists of a single layer of protective
sterile jacket cells investing amass of antherozoid mother cells (androcytes), each of which
gives rise to a single ciliated motile antherozoid.

The female sex organ is the archegonium. This organ is so characteristic of the
bryophytes, pteridophytes and gymnosperms, that these three groups of plants are collectively
known as the Archegonlatae. The archegonium is a multicellular, more or less flask shaped
organ, the swollen basal portion of which is called the venter, and the somewhat mere slender
elongated upper portion, the new. The archegonium consists of an axial row of cells surrounded
by a sterile.jacket, The axial row consists of a variable number of neck canal cells, a ventral
canal cell (venter canal cell) and a single larger basal cell, the egg (oosphere). The
archegonium provides nourishment and protection to the egg and, after fertilization, to the
developing .embryo.

(

External water is essential for fertilization (cf. spermatophytes). The ciliated antherozoids
swim to the neck of an archegonium and then pass through the neck canal to the venter; where a
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single antherozoid fertilizes the egg. The fertilized egg begins to gr.ow at once, without any~
resting period, and develops into a multicellular embryo sporophyte by repeated cell divisions.
The embryo is not liberated, but retained within the archegonium, whose basal portion enlarges
to form a protective envelope, the calyptra.

The spore mother cells represent the last stage of· sporophyte generation and they
usually divide by reduction division to form tetrads of haploid spores which usually :separate
before discharge from the capsule.

3. Classification

The history of the classification of Bryophyta is as follows. The name Bryophyta was
first iritroduced by Braun (1864) but heincluded Algae, Fungi, Lichens and Mosses in .it.
Schimper (1879) gave Bryophytal the rank of a division, in the sense as it is used at the present
day.

, .' ~r' ~ , "'.:; .

Eichler (1883) first of all included the two groups, Hepaticae ~nd Musciin 'the
Bryophyta, and since then it is customary to subdivide the Bryophyta into these two classes,
Engler (1892) included three orders in the class Hepaticae :'Marchantiales, Jungermanniales and
Anthocerotales. A large number of botanists, e.g., Bessey (1911), Fritsch (1929), Wettstein
(1933-35), Bower (1935), Buch, Verdoorn and Evans (1938), Evans (1939), Engler, Melchior
and Werdermann (1954) still follow the same traditional system of classification of the
Bryophyta and Hepaticae.

The isolated position of Anthocerotales, which is usually included as an order in the
Hepaticae, was recognised very early by de Bary ex Janczewski (1872) and Underwood (1894)'
Gayet (1897) and various other workers also emphasized the characters which mark off the
Anthocerotales from the remaining Hepaticae. Howe (1899), Campbell (1918,1940), Smith
(1938,1955), Takhtajan (1953), Schuster (1953, 1958), and others divided the Bryophyta into
three classes: Hepaticae, Anthocerotae and Musci; while Verdoorn (1932) recognised
Hepaticales and Anthocerotales as the two sub-classes of Hepaticae.

Subsequently Rothmaler (1951) changed the class names to, Hepaticopsida (Hepaticae),
Anthoceropsida (Anthocerotae) and Bryopsida (Musci), which are also in accord with the latest
recommendations of the International Code of Botanical Nomenclature Utrecht, 1956. However,
according to Proskauer (1957) the name Anthoceropsida should be changed. to Anthocerotopsida
as the stem of the "misbegotten name Anthoceros is Anthocerot rather than Anthocer-."
Accordingly the classification followed in this book is as follows:

Division: Bryophyta
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Class I. Hepaticopsida (Hepaticae)
Class II. Anthocerotopsida (Anthocerotae)
Class III. Bryopsida (Musci)

'-,

the division Bryophyta includes about 24,000 species grouped in approximately 960 genera.

Questions:
1. .Classification of Bryophyta
2. .General characters of Bryophyta

Reference Books:

1.' .An Introduction to Embryophyta Vol.L, Bryophyta - N.S. Parihar Central Book
Depot; Allahabad.

*****
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Introduction
Hepatica is the Latin word for liver, and the Hepaticopsida are therefore popularly

called liverworts. This name was applied to certain plants during the Middle Ages due to their
liver-shaped bodies and is a relic of the medieval belief in the "doctrine of signatures."

The class Hepaticopsida is characterized by the following features. The vegetative plant
body of the gametophyte is usually dorsiventral and is either a thallus (thallose) or a leafy axis·
(foliose). When it is foliose the leaves are nearly always without a midrib and are arranged on
the axis either in two rows or three rows. The gametophyte is internally either simple or made
up of many tissues, but the photosynthetic cells always contain numerous chloroplasts without
pyrenoids. The chlorophyllose cells usually contain one to several simple or compound
refractive oil bodies. The sex organs are usually formed directly from the dorsal superficial .<
cells of the thallus, except when terminal in position.
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Theantheridium or archegonium develops from a single initial cell. The sporogonium
has little or no chlorophyllose tissue, and lacks stomata. The sporogonium may be simple; or
differentiated into a foot and capsule; or into a foot, seta and capsule. The archesporium
develops from the endothecium or an embryo. The sporogenous tissue of the capsule gives rise
to spore mother cells, and, with few exceptions (e.g., Riccia), sterile cells .. The e1aters in. most
cases are single-celled structures, with spirally thickened walls. The capsule is not linear and
lacks a sterile region, the columella. The sporogonium is small and determinate if its
organographic development, and is built by overall differentiation rather than by the activity of
an intercalary meristem. The jacket of the mature capsule splits on drying along. preformed
lines of weakness but the capsule usually does not dehisce into two valves.

1. Classification of the Hepaticopsida

The class Hepaticopsida as distinguished here includes only the orders, Marchantiales
and Jungermanniales of Engler (1892).

The Sphaerocarpaceae are unique. among the Hepaticopsida in having a special envelope
(involucre) around each antheridium and archegonium. Taking this feature and a special wing-
like structure in Riel/a, Gavel's (1910) separated the family Sphaerocarpaceae from the.
.Jungermanniales and gave it the rankof an order, Spherocarpalesl coordinate with Marchantiales
and Jungermanmales. His suggestion has been accepted by many bryologists.:

Verdoorn (1932) designates the group (Hepaticopsida) as Sub-class Hepaticales and
divides it into four orders: (i) Jungermanniales acrogynae, (ii) Jungermanniales anacrogynae,
(iii) Sphaerocarpales, and (iv) Marchantiales. Evans (1939); Engler, Melchior and Werdermann
(1954) recognize only three orders: (i) Jungermanniales including both Acrogynae and
Anacrogynac of Verdoom; (ii) Marchantiales and (iii) iSphaerocarpales.

The family Galobryaceae (Haplomitriaceae), which is placed by Gavel's (1910), Goebel
(1930) and Verdoom (1932) among the Jungermanniales, differs so much from the latter that
Campbell (1936) proposed to establish an order; Calobryales coordinate with Jungermanniales,
Marchantiales and Sphaerocarpales. Unlike the Jungermanniales the Calobryales have erect
stems with three rows of similar leaves, a distinctive nature of sex organs, and capsule jacket one
cell.in thickness.

Schuster, (1953, 1958) divides Hepaticae into two sub-classes: Jungermanniae and
Marchantiee.. Jungermanniae includes the orders, Galobryales, Jungermanniales and

,Metzgeriales; whereas Marchantiae includes the orders, Sphaerocarpales and Marchantiales.
I

, I

TheMonocleaceae (comprising the single genus, Monoclea) form a sharply defined
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group which has been classified either amongst the Marchantiales or amongst the
Jungermanniales, The marchantioid features are: unistratose capsule wall; scattered, oil cells.the -
discoid male receptacle; manner of formation of spores from spore mother cells, etc., whilethe
most importantjungermannioid feature is the great elongation of the seta at maturity of capsule.
The development of the archegonium, however, is of the Calobryum type. Schuster (1963) states
that the gross morphology; archegonial ontogeny; form of mature archegonium; form, dehi-
scence and anatomy of the sporogonium clearly suggests that Monoclea represents an ancient,
relict type without close affinities and, therefore he has created a new order Monocleales to
include the unigeneric family, the Monocleaceae.

A curious bryophyte, Takakia lepidozioides, discovered in 1951 in the Japanese Alps of
Middle Japan (Hattori and Inoue, 1958) and more recently in the Queen Charlotte Islands,
British Columbia, Canada, (Persson, 1958), is unique in the form of leaves (each leaf, unit is
divided into two solidly parenchymatous cylindrical structures); in the lack of rhizoids (also
typical of Calobryales); in the low chromosome number (n=4). On the basis of these characters
Hattori and Inoue (1958) and Hattori and Mizutani (1958) concluded that Takakia represents a
separate family Takakiaceae and a new order Takakiales. Schuster (1963) has recogniied
Takakiales as an order, but Proskauer (1962) is reluctant to place Takakia in an order of its own.
He states, "Its fundamental peculiar features are precisely the diagnostic characters of the
Calobryales, except that the antheridial and sporophytic material is not known."

The Class Hepaticopsida (Hepaticae) includes all the Hepatics excepting those which are
taken out to form the class Anthocerotopsida (Anthocerotae). The class, formerly, used to be
divided into two orders, Marchantiales and Jungermanniales. Cavers (1910) suggested the
taking out of' the Sphaerocarpales to form a separate order. Similarly, Campbell (1936)
suggested the taking out of the Calobryales out of the Jungermanniales. So, the current idea is to
distinguish four order-sunder the Hepaticopsida:

1. Sphaerocarpales
2. Marchantiales
3. Jungermanniales
4. Calobryales

The recently discovered genus Takakia presents a problem as to its systematic position. It
is an _erect plant like, the Calobryales but, apparently, does not belong to that order. Its
antheridium and sporophyte are not yet known so that it cannot be definitely said whether it isa
representative of a taxon parallel to Hepaticopsida and Anthocerotopsida. It is provisionally
placed here as the fifth order of the Hepaticopsida:

5. TakakiaIes.
Reimers (Engler, 1954), however still retains Anthocerotales within the class Hepaticae

and also retains .Calobryales within Jungermanniales.
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Order 1 : Sphaerocarpales -~... ' ~-
Three genera, formerly included within the anacrogynous Jungerfl1anrilaL;:;-~h:aviheen

taken out to form a separate order, the Sphaerocarpales, comprising of two familles (i)
Sphaerocarpaceae with the genera Sphaerocarpos and Geothallus and (ii) Riellaceae with the

. genus Riella. These have simple ,gametophytic bodies resembling-rtre---anacr.ogynous
Jungermanniales but simpler sex organs and sporophytes resembling the Marchantiales. Riella
indica St. is the species occurring in India.

The type genus Sphderocarpos. (Fig. 9.1) is abundant in the Pacific coast-of the US.A.
and has a small, simple, green gametophyte with a midrib several cells in thickness which may
branch dichotomously. There are lateral wing-like, one-cell thick expansions on the two sides of
this midrib and, depending on environmental conditions, these wings may be-entire or lobed into
leaf-like expansions. There are no scales, but smooth rhizoids occur on the ventral side of the
thallus. There is no internal differentiation 5~f;the gametophytic chlorophyllose tissue. The
gametophytes are dioecious and are usually- formed in groups of four-two m~le and two female.
The antheridia and archegonia (Fig. 9.1C & D) are developed on the dorsal' surface of the
thallus, .each enclosed in its own involucre, ovoid for the archegonia andflask-shaped for the
antheridia. These involucres (Fig. 9.1A & B) are typical of the order. Male plants, are
smaller than the

Fig. 9.1 Sphaerocarpos. A. Male platnw ith antheridia within involucres:--B. Female plant with
archegonia within involucres. c. Ls. of young and mature antheridia. D. Young archegonium. E. Four-
celled embryo within venter: F. Mature sporophyte showing foot, neck (seta) and capsule.
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female. The mature sporophyte (Fig. 9.1 F) shows a globular capsule and a small foot to which it
is attached bya short neck or seta. The spore tetrads usually 'remain adhering together causing
the four gametophytes (2 male and 2 female because of the presence of sex chromosomes) to
grow in a cluster. ' .

Order 2 : Marchantiales

The Marchantiales with about 35 genera and approximately 420 species is a well-defined
order. of the Hepaticopsida. The gametophyte plant body of the Marchantiales is usually a
prostrate, dorsiventral dichotomously branched thallus. With the, exception of a few genera such
as Dumortiera, Monoselenium and Monoclea,in Which the differentiation of tissues is usually
poorly marked, the Marchantiales show well-marked specialization of the tissues. The ventral
portion of the thallus is usually composedof compact colourless parenchymatous storage tissue,
and sometimes containing few mucilage cells and celis with oil bodies. The dorsal region is
usually differentiated into air chambers which' communicate with the air outside by means of
more or less clearly defined pores: The green tissue is also confined to the dorsal region. The
ventral surface of the thallus bears scales and two kinds of rhizoids. The male and female sex
organs are either scattered along the midrib, or grouped in receptacles which are sometimes
raised into the air. In the development of the antheridium the primary antheridial cells undergo
two sets of vertical centric divisions at right-angles to each other, thus forming quadrants. The

\ .' .
wall of the capsule is-single-layered in. thickness (unistratose). The capsule opens in various
ways, but never by four regularvalves.

The name Marchantia has been given by a French botanist Marchant in memory of his
father. Marchantia includes nearly 65 species, which are widely-distributed over, the world.
Kashyap reported-four species from India.

M palma ta, M indica, M. nepalensis and M. simlata. These species specially grow in
the Himalayan region and also in the hilly regions of the south. M Palmata has been reported
from Ootacamund.

Marchantic species prefer moist, shady places. They grow on moist rocks, banks of
streams and burnt forest places. In 1929, after a big fire in Wicken Fen (near Cambridge), the
marchantic grow profusely and covered the entire burnt area.
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1. Vegetative Structure
(i) External morphology of Gametophyte

Marchantia is a gametophyte. The thallus is dark green, flat, dorsi ventrally
differentiated and dichotomously branched. A distinct mid-rib is present on the dorsal side of
the thallus. Every branch possess a notch, in which a growing apex is located.

H~iZ()i(jS

Fig. 9.2 Mdrchantia polymorphia : Thallus with gemmae cups
(adopted from University Botany-I, Dr. S.J.Chaty).

The upper- surface of the thallus is dark green and divided into many rhomboidal or
polygonal areas called aerolae. Each rhomboidal area or aerolae has a conspicuous, single air-
pore, which indicates the presence of air-chamber underneath it. On the dorsai.side. ulong the
mid-rib, special cup-like structures called gemmae cups develop. Gemmae cups or cupules are
special vegetative reproductive bodies.

I
I
I

Fig. 9.3 Marchantia polymorphia : Thallus with antheridiophore
(adopted from University Botany-I, Dr. S.J.Chary).
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The ventral side of the thallus is violet in colour. Rhizoids and scales arise form the ventral side
of the thallus. Scales.are multicellular in structure. Scales are present on either side of the mid-
rib in 2 to 4 lines. Scales present on either side Of the mid-rib are larger than the scales at edges.
Scales develop profusely around the growing apex and offer protection to it.

I

Rhizoids are unicellular and are of two types smooth walled and tuberculate. Rhizoids
help in 'absorption and anchorage of the plant in the substratum.

-
At maturity, special erect branches develop from the dorsal surface of the thallus called

gametophores. Antheridia bearing gametophores are called Antheridiophores and archegonic
bearing gametophores are known as Archegoniophores or carpocephala.

-,

Thallus

Fig. 9.4 Marchantia polymorphia : Thallus with archegoniophore
(adopted from University Botany-I, Dr. S.J.Chary)':'

/

Marchantia is a dioecious plant. Male and female plants are separate.. Ma'i~plants bear
Antheridiophores and female plants bear Archegoniophores. -, '. /

I
I

The internal structure of the Marchantia thallus shows a well marked di ferentiation of
the tissues compared to Riccia. The upper side of the thallus is occupied by assi ilatory tissue
.and lower side by storage tissue. \

The upper 'ePidenniS is single layered and wel~fined. It consists .of thi -walled~.
The cells containa few chloroplasts. The upper epidermis IS punctured by air-pore WhICh opet
into the inner air-chamber present below the upper epidermis. Theair-pore contain c~lls in 4to g.
tiers, each tier with 4 to 5 cells. Air-pores help in the exchange of gasses necessary 'for
photosynthesis and respiration. Air-pores-are analogous to stomata of higber plants. But air-
pores differ from stomata as-the opening of air-pore is not regulated as in stomata.

\
.(ii) Internal Structure of Thallus

I . ,
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Pore
Upper epidermis.. chlorophyll-containing cellsupper epidermis ..
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-~~IIIIIIII"~a~ir~Chambt;r
parenchymatous
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.....•....••Rhf:zoids

B parenChymatous tissue

Chlorophyll containing cells

~§w~r~pidermisScales

Fig. 9.4 Marchantia polymorphia :
A. Vertical section of the thallus; B. A portion of thallus with air-pore in section

(adopted from University Botany-I, Dr. S.J.Chary).

Air-chambers are present in a single row beneath the upper epidermis. The air-chambers
are separated partition walls of thickness of 3 to 4 cells. Each air chamber opens to the exterior
by means of air-pore. Assimilatory or photosynthetic filaments arise from the floor of the air-
chambers. .The assimilatory filaments are short, simple branched or un-branched. They fill in
the cavity of the air-chamber. The cells of the assimilatory filaments are endowed with abundant .
chloroplasts. The air-chambers along with assimilatory filaments together constitute
"Assimilatory tissue".

The lower portion of the thallus is designed and devoted for the storage of food
materials, hence, it is called 'storage tissue'. The cells are thin walled, colourless, polygonal and
parenchymatous. The cells are arranged in many layers at the middle region and 3 to 4 layers at
the margins. The cells contain large audents of food materials in the form of starch. The cells
lack chloroplasts,

The lower most layer of the thallus is called lower epidermis .. It is single layered. Some
of the cells of the lower epidermis give rise in rhizoidsand scales. The rhizoids are of two types, .
smooth walled and tuberculate.

7. Reproduction

Reproduction in Marchantia is of two types: (I) Vegetative reproduction, (2) Sexual
reproduction.·····



"
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(i) Vegetative Reproduction

Vegetative reproduction takes place by various methods. The important among them are:

(a) By death and decay of the older parts of thallus:- This is the most widely occurring
iethod of vegetative reproduction in Marchantia. The older parts of the thallus gradually

die and degenerate, there by the younger branches separate and each branch develop, into an
independent plant. In this way, the plants rapidly increase in number and by spreading
occupy vast areas.

(b) By Advantitious branches: In some species, adventitious branches develop from the lower
epidermis of the thallus. After the death of the mother plant, the adventitious branches
separate an each branch develop into an independent plant.

(c) By formation of Gemmae: The most common and widely occurnng vegetative'
reproduction in Marchantia is by the production of Gemmae. Gemmae are produced in cups
called "Gemmae cups" or "cupules". Gemmae cups develop along the midrib on the dorsal
surface of the thallus.

"

Gemmae cups. are 0.3 em in diameter Gemmae arise in larger numbers from the base of
the cup. They are attached to the floor of the cup by a unicellular stalk. Intermingled with
gemmae are mucilage hairs, which secrete mucilage.

Gemmae are small, green, discoid, slightly bi-convex structure. Each gemma has a small
stalk and a multi-cellular discoid body. The stalk attaches the body to the bottom of cup. The
discoid body has two notches on lateral sides, opposite to each other. In each notch lies the
growmg apex.

Most of the cells in gemmae are green and endowed with abundant chloroplasts. Some
cells at the margin contain oil, hence, they are called 'Oil Cells'. Some cells are colourless and
are known as Rhizoidal cells which give rise to rhizoids on germination.
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Fig. 9.6 Marchantia : Mature gemma
(adopted from University Botany-I, Dr. S.J.Chary).

Gemmae are one cell in thickness at the ends, but the cells in central portion of the
gemma divide and give rise to new cells, as a result of which gemma become several cells in
thickness at the middle portion of the body, but the marginal portions are main one cell in
thickness.

In gemma cups, gemmae are intermingled with mucilaginous hairs which secrete
mucilage copiously at maturity. At the time of dehiscence, mucilasinous hairs aboserb
atmospheric moisture and swell, as a result of which, the gemmae detach from their stalks very
easily.

(ll) Germination of Gemma: At maturity, the gemma detach from the floor of the gemma cup.
'Mucilaginous hairs present in the gemmae cup help in the detachment of the gemma from the
floor of the cup.
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Fig. 9.7/Marchantia : Transverse section of gemma
(adopted from University Botany-I, Dr. S.l.Chary).

Gemma, after falling on the suitable substratum start germination. First rhizoids develop
from the rhizoidal cells. Rhizoids penetrate into the soil and help in the absorption of water and
minerals from the soil. The growth apices present in both the notches begin to grow
simultaneously in opposite directions, thereby the thalli are developed. Due to the death of the

, cells in the middle region of the gemma, the two thalli separate arid develop into two
~;;.~
il:'f.; independent plants. Thus a single gemma gives rise two independent plants.
~«f
':::r:-
,;if (ii) Sexual Reproductiont/' Marchantia is adioecious plant. Male and female plants are separate. Male plants bear

Antheridiophores and female plants Archegoniophores or Curpocephala. But Heberlain (1929)
....Srinivasan. (1930) reported the occurrence of both male and female sex-organs on the same
~~..receptacle in M palmata. Such receptacles are designated as 'Androgynous receptacles'. Naidu
,(1973) also observed androgynous receptacles in M. polymorpha. These androgamous
receptacles resemble archegoniophores in external morphology, but they develop antherida on
the upper side and archegonia on the under surface of the receptacle.

Antheridiophores are 1 to 3 em in length. It consists of a stalk and a disc like portion .
called receptacle. The stalk is more or less cylindrical and receptacle is divided into 8 lobes and
occasionally four.

Internal structure of Antheridiophore reveals that it is a modification of the' branch of
thallus. It is also dorsinentrally differentiated as in thallus. Dorsal side is composed of series of
air-chambers with assimilatory filaments. On the ventral side, funous or groves run
longitudinally in the entire length of the stalk, in which rhizoids and scales arise.
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The vertical section of the receptacle also reveals a thallus structure, with air-chambers
on the upper side and storage tissue on the lower side. Air-chambers contain assimilatory
filaments. Besides air-chambers flask shaped cavities also develop on the upper side of the
receptacle. These flask shaped cavities open to the exterior by means of an 'Ostiole'. Antherida
lie in these cavities. Antheridia are formed in a cropetal succession older antheridia are at the
centre and younger and developing antheridia at the margins.

Air pore Air chambers Antheridia

, ". -' .

.. ', "

..... ,

,':' "",'. ': .• :,' 4' ": ,',':

' i;'.
. " :.,'; .:

Thallus

A

Fig. 9.8 Marchantia polymorpha : L.S. of antheridiophore
(adopted from University Botany-I, Dr. S.J.Chary).

(A) Structure and development or Antheridium

The structure and development of Antheridium is essentially similar tot hat of Riccia.
Each antheridicum develops from a superficial cell known as "Antheridial initial cell", It lies 2
or 3 cells behind the growing point of the lobe of the male receptacle. The initial cell divides
into two cells, the upper cell is called 'Outer Cell" and lower cell is called "Basal Cell". The
basal cell is embedded in the tissues of the receptacle and undergoes no further development.
The upper ceIJ, however, divides and redivides to give rise to antheridium proper.



IACHARYA NAGARJUNA UNIVERSITY 9.13 CENTRE FOR DISTANCE EDUCATION!

The other cell divides transversely to form four cells in a row. Out of these four cells, the
upper two cells are known as primary antheridial cells and lower two cells are known as primary
stalk cells. Primary stalk cells contribute to the formation fthe stalk ofthe antheridium. .

Primary antheridial cells undergo two successive vertical divisions at right angles to each
other. As a result, two tiers of 4 cells each are formed. Later periclinal divisions take place in
both tiers, there by separating 8 jacket initials from 8 primayardrogonial cells. Jacket initials,
undergo anti-elinal divisions to form one layered jacket. Primary androgonial cells undergo'
considerable number of divisions resulting in the formation of several androcyte mother cells.
Each one of the androcyte mother cell undergoes division diagonally. The two resulting
structure are called androcytes. The androcytes eventually l?1etamorphosis into a single
biflagellate sperm.

As these development charges are taking place, the adjacent vegetative cells around
antheridium divide and redivide there by the antheridium comes to occupy in a flask like cavity.
The cavity opens to the exterior by means of an "Ostiole",

Archegoniophore like antheridiophore is also a modified vegetative branch. Archegonio
phore is composed of a stalk and disk like receptacle at its distal end .

.The receptaele is divided into 8 lobes. The rays are usually nine in number. The rays
resemble the ribs of umbrella.
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Fig. 9.9 Marchantia polymorpha: B-K. Stages in the development of antheridium
(adopted from University Botany-I, Dr. S.J.Chary).
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'While the .archegoniophore is young, archegonia develop on the upper surface of the
disc. Tl1~~rchegonia develop in a cropetal manner i.e. older archegonia at the centre and the
youngerones at the margins. There is a single row on each lobe and 12 to 14 archegonia in a
row. After fertilization, the stalk as well as middle portion of the disc begin to grow rapidly.
Consequently, the archegonia formed at the centre of the receptacle are gradually shifted to sides
and ultimately they come to occupy the under surface of the disc. The mature archegonia are at
the &argins of the disc, young and developing archegonia are adjacent to the stalk. The
archegonia are covered by perichactium, in volucre, whichoffer protection to the archegonia.

(B) Structure and development Archegonium

.. The structure and development of the archegonium is similar to that of Riccia.

Fig. 9.10 'Marchantia : L.S. of archegoniophore
(adopted from University Botany-l , Dr. S.l.Chary).
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Archegonium is a flask shaped structure. It consists of two parts, a swollen venter and a
long neck. Venter consists of venter canal cell and .an egg at the base of venter. Neck is
composed of 8 to 10 neck canal cells. Neck is made up of six longitudinal rows of cells, a
distinct characteristic of Marchantia. The mouth of the archegonium is covered by 4 lid or cover
cells. Archegonium is covered by a single layer of sterile cells.

Archegonium develops on the dorsal surface of the receptacle from a single cell called .
'Archegonial initial cell (Fig. 2.6). It lies close to the apical cell of each lobe of the receptacle.
Archegonial initial cell divide into two cells, inner primary stalk cell and an outer primary .
archegonial cell. The primary stalk cell undergoes few divisions to form the stalk of the
archegonium. The primary archegonial cell undergoes three vertical divisions, intersecting one
another, resulting in the formation of a central cell called 'Primary axial cell' surrounded by
three peripheral cells called "Peripheral initial cells". Transverse division in the axial cell results'
in the formation of two unequal cells. The upper smaller cell is known as 'Primary Comer cell"
and lower bigger cell known as "Central Cell". '

At this stage, anticlinal divisions take place in the peripheral initial cells, forming six
jacket initials. These six jacket initials undergo another anticlinal division, thereby the jacket
initials are arranged in two tiers. The upper tier is known as '.'Neck initials" ~nd lower tier is
known as "Venter initials". Neck initials after undergoing a series of divisions form the neck of
the archegonium. The venter initials form the venter of the archegonium. Central cell divide into
upper 'Primary neck canal cell' and lower 'Primary ventral cell'. The primary neck canal cell
undergo divisions to form 8-10 neck canal cells. The primary cover cell' divide twice and form 4
lid cells.

~
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Fig. 9.11 Marchantia : A-K.
Stages in the development of
archegonium; L. Structure if
mature archegonium (adopted
from University Botany-I,
S.J.Chary).
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(e) Fertilization

Fertilization takes place when the plants are wet due to rain or dew. Antheridium
absorbs moisture and dehisce. Sperms come out and swim in the water and with the help of the
flagella, reach the female receptacle and are attracted by archegonia.

At the time of fertilization, neck canal cells and venter canal cell absorb moisture and
disorganise to form chemical fluid, which help to open the lid cells of the archegonium. Sperms
swim in the chemical fluid and reach the egg. Finally, the sperm unites with the egg to form
zygote. Although a number of sperms enter tharchegonium. Only one sperm will unite with the
egg to form zygote.

8. Sprophyte

(i) The Development of Sporophyte

The zygote starts dividing mitotically within 48 hours after the fertilization. First its
becomes swollen and fills in the venter of the archegonium.

Zygote first undergoes transverse division, resulting in the formation of two cells. The
upper cell, is called "Epibasal cell" and the lower cell is called "Hypobasal cell":

In M. Polymorpha and in some other species, vertical division takes place, forming a 4
celled embryo. This stage is called the "Quadrant Stage". After quadrant stage, another vertical
division takes place, which is perpendicular to the previous vertical division, forming a 8-celled
embryo. 8-celled embryo stage is called "Octant stage". After the octant stage the divisions are
irregular. The cells of the epibasal octant give rise to capsule and hypobasal octant to foot and
seta.

In the epibasal tier periclinal divisions result in the differentiation of an outer layer called
"Amphithecium" from the inner layer called Endothecium". Amphithecium cells divide
antic1inally to form a jacket layer of the capsule. It is single layered: Endothecium gives rise to
archesporium. Archesporial tissue undergoes many divisions to form sporogenous cells. In
Marchantia half of the sporogenous cells form e1aters and half of the sporogenous cells develop
into spore tetrads. Reduction division takes place in spore mother cells. Approximately
3,000,000 spores are formed from a single capsule. /

As the capsule attains maturity and spores are ready for dispersal, the sete of the
sporogonium suddenly elongates, thereby bursting open its covering. The young sporogronium
is protected by three-coverings viz., calyptra, the pseudo perianth and the perichaetium
(involucre). After coming out of the covering the capsule dehisee forming teeth like structures.
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The elaters are hydroscopic and help in the dispersal of spores. Spores on gefillination give rise
to gametophyte.
(Ii) Structure of Sporogonium

The sporophyte of Marchantia is more advanced than the sporophyte of Riccia. The
sporogoniums is differentiated into foot, seta and capsule.

\ '

~o.--~--- Foot

'r\..---' Perigynium

W--lf't-- Calyptra

1[O'-"1U;j,.1~r---- Capsule

r..l4IIr-H-- EIater
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I

I
I
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I .
Fig. 9.12 Marchantia : A. L.S. of Mature Sporogonium; B. Structure of elater; C. Structure of spores'

8

I .
The foot is small, wedge shaped and burried in the tissues of gametophyte. It helps in'

the absorption of water and nutrients from the gametophyte. .

Seta serves twin purposes. It serves as a stalk and connects the foot with the capsule. It
also assists in the dispersal of spores. Seta is small arid short in the beginning: As the capsule
attains maturity and is ready for the dispersal of the spores the seta suddenly elongates and
bursts open its protective coverings. Calyptra, pseudo-perianth and perichactium. Thus the sete
not only acts as stalk but also helps in the dispersal of spores.
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. Capsule is spherical or oval in shape. The wall of the capsule consists of single layer of /
jacket cells. Inside the capsule is a mass of spore tetrads and elaters. Elaters are long spindle
shaped and possess spiral shaped thickening inside them. Elaters are hygroscopic and help in
the dispersal of spores ..

The sporophyte of the marchantia is not a complete parasite on the gametophyte. It is a
partial parasite, as the cells of the foot, seta and wall of the capsule contain chloroplasts and it
can prepare its own food material. The sporophyte is dependent on the gametophyte for its
water and mineral requirements.

The spores are spherical, uninucleated and possess a thick wall. The spore wall is
differentiated into another thick wall called exine or exosporium and inner thin wall called intine
or endosporium. Inside the spore wall is a small mass of protoplasm containing a single nucleus
and some reserve food. Morphologically all the spores are alike. But on germination, two
spores of the spore tetrad develop into male plants and observe physiological heterospory.

Spores after falling on the suitable substratum start germination immediately. The spore
imbibes water and swells chlorophyll reappears. The green spore undergoes divisions in one
plane and forms filament of green cells. First rhizoids appear Rhizoids are smooth walled type.
The cells of filament undergo divisions in another forms. According to Mamgi (1930) a small
apical cell is differentiated at the end of the row of cells. Apical cell cuts off segments at the
right and left alternately. These segments of cells divide and redinide to form the gametophyte.

9. Life Cycle

The life cycle of Marchantia, show heteromorphic alternation of generations. The
thalloid gametophyte is dioecious. The male plent bear antheridiphores whereas female plant
bears archegoniophores. The antheridiophores bear antheridia which produce numerous
biflagellateantherozoids. The archegoniophores bear archegonia in which non-motile female
garnets ova or produced. Fertilization with egg cell. The zygote undergoes several mitotic
divisions and ultimately gives rise to a diploid sporophyte. The sporophyte consists of a bulbous
foot, elongated sete and a spherical capsule. Reduction divisions take place with spore mother
cells of the capsule. the haploid spores, upon falling on a suitable substratum germinate and
produce a haploid gametophyte. Thus the haploid gametophyte alternates with diploid
sporophyte -.
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Fig. 9.13. Marchantia spp. Diagrammatic life-cycle. A, female gametophyte; B, male
gametophyte; c, archegonium; D, antheridium; E, archegonium with mature egg; F, sperm
(antherozoid); q,zygote; H, two-celled embryo; I, multicellular embryo; J, young sporophyte;
K, nearly mature sporophyte (sporogonium); L, spore mother cell; M, spore tetrad; N, spores; 0,
germinating spores (sporelings),

, .. (adopted from College Botany, VoU, B.P. Pandey).

',..';,
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Fig. 9.14. Merchantia. Graphic life-cycle

10. HEPATICOPSIDA - JUNGERMANNIALES : METZGERINEAE

The Jungermanniales are by far the largest order of the Hepaticopsida and represent a
very successful evolutionary line. This is witnessed by the numerous genera (about 244) and
species (about 9,000), and their wide geographical distribution. This order is characterized by the
following features. The gametophyte plant body is either a simple thallus, Or a leafy axis, but
with little histological differentiation of tissues in either case. The scales are often absent and the
rhizoids are always smooth-walled. The antheridia are globose or sub globose. In the
development of the antheridium the primary antheridial cell does not undergo two centric
vertical divisions at right-angles to each other, with the result that a quadrant off our daughter
cells is not formed. The jacket of the archegonial neck is usually composed of five vertical rows
of cells, and the neck is often almost as broad as the venter. The jacket of the capsule is two or
more layers 'of cells in thickness (multistratose). The spore mother cells usually become deeply
four-lobed before the first nuclear division, and thus indicate the position of the four spores. The
archesporium gives rise to spores and elaters. The sporogonium usually consists of capsule, seta,
and foot, and the seta becomes much elongated at maturity. The mature capsule usually dehisces
by four valves.

-:
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Classification of the Jungermanniales

The classification of the Jungennanniales even today is in a very controversial state, and
there is great divergence of opinion as to the limits of the families and the genera included in
each family.

Based upon the position of archegonia, the Jungennanniales can be divided into two.'
well-defined main groups: t~e Anacrogynae (archegonia borne on the dorsal surface of. the,
prostrate shoot, apical cells are not involved in their formation) and the Acrogynae (archegonia
borne at the apex of the shoot, the apical cell being used up in the formation of an':
archegonium). However, this is an artificial grouping. Verdoorn (1932) gave each group the
status of an order: the Jungennanniales anacrogynae and the Jungermanniales acrogynae .•
respectively, coordinate with the orders Marchantiales and Sphaerocarpales. Schuster (1953,
1958, 1963) has also given each group the status of an order but has used different names:
Metzgeriales and Jungermanmales, coordinate with the orders Calobryales, Marchantiales and
Sphaerocarpales. He has proposed a new category, the Sub-class Jungermanniae to include the

. orders Metzgenales, Jungennanniales, Calobryales and Takakiales.

I

~
\

Buch (1936) and Evans (1939) divide the Jungennanniales into three groups: of equal,
rank. Evans (1939) gave each group the status of a sub-order as follows:

Order : Jungermanniales. "
Sub-order 1. Haplomitrineae
Sub-older 2. Jungermannineae (JungennannialesAcrogynae)
Sub-order 3. Metzgerineae (J ungennanniales Anacrogynae)

Campbell (1936) suggested that Haplomitriaceae or Calobryaceae (the single family of
Evans' Sub-order Haplomitrineae) differs so much from the rest of the Jungermanniales, that
it should be given the status of an order, Calobryales.

Order : Jungermanniales.

Sub-order 1. Metzgerineae (Jungennanniales Anacrogynae).

Sub-order 2. Jungermannineae (Jungermanniales Acrogynae).

11. Sub-order: Metzgerineae -i.lungermunniales Anacrogynae)

TheMetzgerineae 'are characterized by the following features: The gamtophyte plant
body is usually a thallus, more rarely a stem with leaves. All gametophytes, however, are
dorsi ventral and prostrate at least in certain stages of development. The sex organs are
scattered on the dorsal surface of the thallus (occasionally on highly reduced specialized
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branches). The archegonia arise from young segments cut off by the. apical cell, and the
apical cell is not used up in the formation.of an archegonium. The mature sporogomum is
usually dorsal m position and is some distance behind the apex of the gametophyte. The
jacket of the capsule is 2-5-stratose. The involucre of the sex organs is not usually formed
from the leaves. The Metagerineae include about 23 .genera ,and550 species:

,'. ;'j. ~::I'-'

Family: Porella .---'
.l-;'~ ,

Genus.: Porella (=-ftfadotheca)

Porellass a widespread genus of about 180 species occurring mainly in the sub-tropics
but also in temperate regions. The more correct name for the genus seems to be Madotheca.
Porellaceae has always been recognised as a distinct family consisting of the single genus

- . .

Porella (i.e., Madotheca). About 35 species are reported from India-from the Himalaya and
from South India. Most of the species are recorded from the Western Himalaya. Porella
platyphylla from the Western Himalaya has a wide distribution covering Europe, North
America and Asia. P. campylophylla and P. plumosa occur all over India (Western Himalaya,
Eastern Himalaya and South India): Porella Platyphylla is being described below.

The gametophyte grows af a green patch on shaded moist rocks, trees and even on soil.
The plant is flat, dorsiventral with a bi- or tripinnately branched leafy axis (Fig. 9.15A). There
are three rows of leaves-two lateral on the dorsal side and one smaller, formed of the
amphigastria, on the ventral side; Each leaf is very simple in 'structure, being formed of one
layer of polygonal cells full 'of chloroplast ids. The lateral leaves are bilobed: the upper anterior
(antical) lobe is larger, usually ovate with rounded apex while the lower posterior (postical)
lobe is smaller, narrower with acute apex and is sometimes called the lobule. The lobes _~anbe
seen clearly from the ventral side of the plant (Fig. 9.15B). When viewed from the top (dorsal

J'

side), the lower edge of each leafis found covered by the upper edge of the leaf next below
(the arrangement is seen in a reversed manner from the ventral side in Fig.9.15B). This type
of arrangement is called incubous. The amphigastria on the ventral surface (Fig. 9.15B) are
small leaves somewhat resembling the postical lobes but are broader with decurrent bases.
Rhizoids develop from the ventral surface of the stem and anchor the plant to the substratum.
The stem shows little differentiation of tissue, only the cortical cells are smaller with slightly
thicker walls while the .central cells <ire larger with thinner walls. Branches originate from
cells which are to develop the postical lobes of the lateral leaves.

/-
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Fig. 9.15A. Parella platyphylla gametophyte plant bearing several sprophytes (dorsal view).
B. A part of gametophyte shoot (magnified ventral view, top amphigastrium remoed).

Vegetative propagation is usually by the growth of the vegetative thallus with the
progressive decay of the older parts or by the formation of adventitious buds.

Sexual reproduction

Porella is dioccious.

The male Plant (Fig. 9.16A) is smaller with the antheridial branches projecting out at
right angles from the axis. The leaves on the antheridial branch are closely imbricate and a
single antheridium is borne in the axil of each leaf. The mature antheridium (Fig. 9.16B) is
globular with a long stalk. The jacket is one-layered at the top and 2- to 3-layered below. The
spermatozoid (Fig. 9)6C) is biciliate. There is not much difference in the development of the
antheridia (and also of archegonia) with that of Marchantiales.

The female plant is more robust than the male and the archegonial branches are smaller
and not so conspicuous. Such a branch bears a number of specialised, enlarged perichaetial
bracts (Fig. 9.16 D). The 'ower bracts form an involucre while the upper two coalesce to form
a perianth within which the archegonia develop. A number of archegonia develop from the
apical cell, the last one of them being terminal. A mature archegonium show a venter with the
egg, the ventral canal cell and a neck which is scarcely narrower than the venter. The neck is
formed of five vertical rows of cells and contains 6 to 8 neck canal cells. The wall of the
venter is 2-layered.
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Fig. 9.16 A part of male plant of Porella platyphylla (ventral view) showing antheridial
branches and details of leaves. B. L.s. of antheridial shoot showing antheridia in leaf axils. C.
A sperm. D. An archegonial branch from a female plant showing involucre and perianth with
the young sporophyte inside (after Kashyap).

Sporophyte

After fertilisation, the zygote
invests itself with a wall and
enlarges to fill up the venter. It then
divides by a transverse wall to form
an epibasaJ and a hypobasal cell
(Fig. 9.17 A). The hypobasal cell
forms a superior which acts as a
haustorium while the epibasal cell,
by repeated divisions, gradually
forms the sporogonium (Fig.
9.17B).

Fig. 9.17 Porella sporophyte. A. Dyad stage of embryo. B. Young embryo sporophyte. C. L.s. of
mature sporophyte. D. Part of female gametophyte showing fully mature sporophytes with ruptured
capsules.

I

l~ c
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The mature sporophyte (Fig. 9.17 C) consists of a spherical capsule, a short seta and a
bulbous foot. The capsule wall is 2 to 5 layers thick. The wall cells are generally thickened
but there are four vertical layers of thin-walled cells which are the lines of dehiscence. The
endothecium forms the archesporium which again develops spore mother cells and elaters
intermingled with one another. The spore mother cells, on reduction division, form the spores
with which. the gametophytic generation begins. The elaters show two to three spiral
thickenings. With the development of the sporophyte, the archegonial wall becomes
multilayered and this forms the calyptra enclosing the sporophyte. The calyptra, again, is
more or less covered by the perianth.

When the spores become mature, the seta elongates suddenly so that the capsule comes
out bursting the calyptra and the perianth (Fig. 9.17D). The capsule now splits into four valves
along the lines of dehiscence and the spores are discharged being helped by the hygroscopic
movement of the elaters.

The new gametophyte

The spore possesses an exine (exospore) and an intine (endospore). The exospore is
tougher and often papillose. When the spore falls on a suitable substratum, it germinates to
form a multicellular thalloid structure (Fig. 9.18). This germination may begin while the spore

CAMETOPHYT~

Fig. 9.18. Multicellular thalloid structure formed by spore of Parella which
develops into new gametophyte.

is still within the capsule. One or more rhizoids develop from this thallus and the latter
becomes green. Shortly afterwards, an apical cell is differentiated and a new gametophytic
shoot develops.

Fig. 9.19 shows the life cycle of Porella.
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Fig. 9.19 Life cycle of Porella showing alternation of generations

12. Sub order : Jungermanniales
Acrogynae

Family : Pelliaceae
Genus : Pellia

This anacrogynous genus is a thallose form belonging to the Metzgerineae. Cavers
(1911) included the genus within the family Codoniaceae, a large family including such
simple thallose forms as Pellia as well as foliose forms like Fossombronia. Verdoom as well
as Evans broke up the family and Verdoorn (1932) placed Pellia within the family
Haplolaenaceae while Evans (1939) has named the new family Pelliaceae

There are four species within the genus Pellia of/which three are known in India: P.
epiphyUa, P. fabbroniana ( =P. calycina) and P. neesii. The first two species occur all over the
Himalaya but P. epiphylla is more abundant in the Eastern Himalaya and P. fabbroniana in the
Western. The usual habitat is on moist soil or on rocks by the side of ditches or springs, growing
as green patches among mosses or grasses.

The gametophytic plant body (Fig. 9.20) is a thin, dorsiventral, prostrate, dichotomously
branched thallus with a somewhat wavy margin. The dorsal surface is almost smooth but a
median midrib (where the thallus is thicket below) may be recognised. Each branch terminates in

jj)
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a medi=n notch where the growing point is located. On the ventral surface numerous smooth,
uniceli. ar rhizoids are borne below the midrib. Scales and tuberculate rhizoids are absent.
Mucilage hairs are present at the apex protecting the growing tip. The appearance of the thallus
is known to vary according to the amount of moisture available.

J

Fig. 9.20. A Pellia epiphylla showing male antheridial pits and sporophytes developed from female
archegonial pits (modified from Engler). B (Male) and C (Female). Pelliafabbroniana plants

(after Kashyap).

The anatomy of the thallus is usually very simple. The median midrib is many layered (8
to 16 layers-Fig. 9.21) in depth. The layers decrease on the two sides and the wings are only
one

Fig. 9.~1. A. Diagrammatic L.S. of gametophytic thallus of Pellia epphylla. B. T.s. of thallus of
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P. epiphylla showing thick-walled fibrous cells in cross-section. C. T.s.ofthallus of P.
. fabraniana showing uniform thin-walled cells only.

row in thickness. The upper cells contain abundant chloroplasts, the lower cells containing less
or none. All the ceus contain starch and some contain oil. In P. epiphylla (Fig. 9.21B) and P:
neesii, some midrib cells are elongated longitudinally and there are some fibre-like cells. Such
cells are, however, absent in P. fabbroniana (Fig. 9.21C) where all cells are more or less
uniform.

Vegetative propagation

As in other hepatics, vegetative propagation by unlimited growth of the branches and
decay of older parts is quite common. Adventitious shoots also develop here and there on the
plant body.

Sex organs
While Pellia fabbroniana and P. neesii are dioecious, P. epiphylla is monoecious. In the

dioccious forms, the male plant (Fig. 9.22B) hears antheridia all along the dorsal face of the
midrib while the archegonia develop in clusters (also on the midrib) just behind the growing tip
of the female plant (Fig. 9.22C). In monoecious forms (Figs.9.22A and 9.22D), the antheridia
are behind the archegonia.

Fig. 9.22, Pellia epiphylla. A. L.s. through thallus showing sex organs. B. An antheridium.
C. A sperm. D. An archegonium.
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The positions of the antheridia on the thallus (Fig. 9.22) are shown by numerous wart-
like projections. Each projection marks an antheridial cavity where a single antheridium
develops from a dorsal superficial cell behind the apical growing point. The mature antheridium
(Fig. 9.22B) is globose with a jacket one cell in thickness and a multicellular short stalk. It lies at
the bottom of the antheridial chamber which is open on the dorsal surface by a pore.

J

The archegonia develop in clusters of 4 to 12 out of a group, of cells very close to the
apical cell. The group of archegonia (Fig. 9.22A) is protected by an involucre (an outgrowth of
the thallus tissue on the dorsal surface developing .from the base of the archegonia) which is
cylindrical in'p. neesii andP.fabbroniana (Fig. 9.22C) but flap-like inP. epiphylla (Figs. 9.22A
and 9.22A). Older and younger archegonia remain mixed together and they are more or less
horizontal. The mature archegonium (Fig. 9.22D) shows a venter containing the egg, a ventral
canal cell and 4 to 6 neck canal cells. The wall of the venter and the lower part of the neck
become 2-layered before fertilisation while the neck wall is single layered with five vertical tiers
of cells. The top of the archegonium is closed by 4 cover cells.

~rtilisatiol1
I

\ '
. The mature antheridium bursts in contact with water and the mucilaginous mass

containing a large number of biciliate sperms (Fig. 9.22 C) is violently extruded out, reaching
the archegonia (which are by now mature and have also become open) within minutes.
Fertilisation takes place as in Riccia.

Sporophyte

Within each involucre only one sporophyte develops to maturity. The other archegonia
disintegrate early. The zygote invests itself with a cell wall and enlarges to fill up the venter. Its
first division is by a transverse wall forming a hypobasal and an epibasal cell (Fig. 9.23A). The
lower hypobasal cell becomes a suspensor which acts as a haustorium (Fig. 9.23B). The
epibasal cell now divides and redivides to form a group of 8 cells, the upper 4 cells of which
form the capsule and the lower 4 cells form the seta and the foot (Fig. 9.23C). The ventral wall
of the archegonium also grows and keeps pace with the growing sporophyte forming the
calyptra. This forms a sheath covering the growing sporophyte (Fig. 9.23D). I

The upper cells of the embryo, which are destined to form the capsule, demarcate an
outer layer, the amphithecium, by periclinal division while the inner mass of cells is the
endothecium (Fig. 9.23B). The endothecium (Fig. 9.23C) becomes the archesporium within
which the .basal cells are differentiated early forming a bouquet of elongated, spirally thickened
sterile cells to which many elaters are attached. This bunch is the elaterophore (Fig. 9.23D). The
upper archesporial cells form a mass of sporogenous cells (spore mother cells) intermixed with
sterile elaters. The elaters are elongated, narrow cells with double spiral thickenings (fig, 9.23E)
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as in Marchantia. The. mature capsule (Fig. 9.23D) is globose with an outer jacket two layers
thick. Of these layers, the outer layer is of polygonal cells with brown, radial thickening bands.
The inner layer is of somewhat flattened cells, with semiannular thickenings in most species. At
the base of the capsule is the elaterophore which is a bundle of 20 to 100 elaters. Above, are the
spores (formed.by reduction division of the spore mother cells) intermixed with free e1aters.

------------------~

Fig. 9.23.A to D. Stages of development of the sporophyte of Pellia epiphylla (after Hofmeister).
A. Dyad stage. B. and C. Subsequent stages. D. The mature sporophyte. E. Part of an elater. F.
A ruptured capsule of P. fabbroniana.

The seta is short at first (Fig. 9.23D), formed of regular longitudinal rows of cells. When
the spores become mature, the seta cells begin to elongate suddenly and the seta reaches a length
of up to 8 em. in course of2 or 3 days (Fig. 9.23). The elongation of the seta bursts the calyptra
and brings the capsule up in. the air. The foot (Fig. 9.23 D) is a conical mass of parenchymatous
cells and its upper edge surrounds the base of the seta like a collar.

The sporophyte takes about a year to mature. When fully mature it, has a long seta arid
the split clayptra remains as a sheath at the base of the seta (Fig. 9.23A). The capsule wall
shows four vertical bands of thin-walled cells along which the wall suddenly bursts into four
valves and the valves become reflexed and hang+downwards (Fig. 9.23F). The e1aters are
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hygroscopic and the movements of those in the elaterophore serve for an efficient dispersal of
the spores.
The new gametophyte

The spore (Fig. 9.24A) begins to germinate while already encased within the capsule.
Soon, it becomes a 6-9 celled, ellipsoid structure (Fig. 9.24B) though still inside. All the cells

A B

Fig. 9.24A to D. Stage of germination of the Pellia spore beginning the
development of the new gametophytic thallus.

contain chlorophyll but the basal one may be lighter. The capsule bursts at this stage and- the
germinated spores at this multicellular stage fall on moist soil. The rhizoid develops from the
lower lighter cell (Fig. 9.24C). The cell mass soon develops the new gametophyte directly (Fig.
9.24D).

Fig. 9.25 depicts the life cycle of Pellia.

, \

-,
J
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13 Order 4 : Calobryales

The family Hoplomitriaceae (=Calobryaceae) has been taken out of the
Fungermanniales to form a separate order because of its many peculiarities. Rimers (1954),
however, still prefers to retain- it within the Fungermanniales as a suborder with two families,
Haplomitriaceae (anacrogynous) and Colobryaceae (acrogynous)in between the Anacrogynae
and the Acrogynae. The order involves two genera: Haplomitrium (anacrogynous) from
Northern Europe, America and India; and Calobryum (acrogynous) from India, Malaya, Japan,
Philippines, New Zealand and tropical America. Some of the important peculiarities may be
seen in the best known species, Calobryum blunei from Malaya. Calobryum indicum and
Haplomitrium hookeri have recently been discovered from Darjeeling and Khasia Hills by Udar.

The gametophytic plant shows a freely branching creeping rhizome devoid of rhizoids
giving rise to upright shoots bearing three vertical rows of leaves (Fig. 9.26A). The rhizomatous
base bears mucilage hairs and has been compared with a root. This is similar to that of Takakia
(loc. cit.). The leaves in the three rows may be of the same size or those on one row may be
slightly smaller recalling he amphigastrial row of the Fungermanniales. Growth is by a single
pyramidal cell with three cutting faces. The anatomy of the stem shows thicker cortical cells and
thinner central cells resembling some mosses. The plant is dioccious and the uppermost leaves
are clustered together. The antheridia are borne in clusters (Fig. 9.26B) on the tip but the •
archegonium is borne singly-all developing from the apical cell. They strongly remind mosses

Fig. _9.26. Calabryum blunei. A. Male and female gametophytes (after Campbell), B. L.s. of
fertile apex of male gametophyte showing antheridia. C. Female gametophyte with sporophyte
on top. D. L.s. of capsule with spores and elaters (B & D after Smith).
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like Mnium or Funaria. The archegonial neck shows only four vertical rows of cells instead of
the five or six shown by other Hepatics. The neck is usually very long and twisted' containing 16
to 20 neck canal cells. The ventral wall is two-layered. The developed sporophyte (Fig. 9:26C)
has a very short acuminate foot, a long seta and a cylindrical capsule with a wall of a single. layer-
of cells (resembling Sphaerocarpales and Marchantiales) excepting at the top. Thereis no .
perianth but a massive calyptra. At maturity the capsule splits by a single longitudinalcleft, ..
possibly because the four usual valves do not separate. There is no elaterophore but ndrfuai
elaters (Fig. 9.26D) with double spiral thickening.

14. Order 5 : Takakiales

Recently, a very peculiar plant, Takakia (named after Takaki who first discovered it in
1951) has been discovered first in Japan and then in Canada, Borneo, Eastern Himalaya and the
Aleutian Islands. The gametophyte (Figs. 9.27 A & 9.27 A) is erect and 'radial as in the
Calobryales. The 'leaves' (better calledphyllids) are of one kind (isophyllous) and are linear-
cylindrical. They are irregularly arranged but they are found on all sides of the stem and are
often found in pairs or even in threes. These are deep green, cylindrical and multicellular in
thickness (Figs. 9.27B&C) Filamentous (Fig.9.27F on the stem) and branched (Fig.9.27E, both
on stem and rhizome) mucilage hairs are present. Growth of the stem is by an apical cell with
three cutting faces. The stem is laxly erect, branching is exogenous and it shows a central zone
of smaller parenchymatous cells surrounded by several layers' of larger cortical cells (Fig.
9.27D).

-----------_ .._-_._--------------,

-',
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Fig. 9.27. Takakia lepidozoides. Hatt. & Inoue A. The gametophyte. B (cauline) and C (apical).
Archegonia on shoot. D. An archegonium (after Hattori, Mizutani and Inoue).

Thereis an underground rhizomatous part but no rhizoid is present on it though scale leaves and
mucilage haisare present (Fig. 9.28A). There is an endosphytic fungus in the stem epidermis as
well as in the rhizome. The phyllid resembles the stem anatomically showing 1 to 5 axial cells
surrounded by an epidermis of one layer. The chromosome number is n=4 which is the lowest
among Bryophytes. '

XJ2S
'--------------- -

_________________ ---'---1
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Fig. 9.28. Takakia ceratophylla (Mitt.) Grolle. A=plant showing aerial and underground
rhizomatous portion (s=scale leaf and m=mucilage hair on rhizomatous portion). B=t.s. of leaf
(phyllid) E=branched mucilage hair. T. lepidozoides Hatt. & Inoue. C=t.s. of leaf (phyllid).
D=t.s. of stem. f=filamentous mucilage hair in stem. (Figures after Hattori et. al.)

Antheridia and sporophytes are so far unknown so that our knowledge of the group is
still incomplete. Archegonia, however, have been found. They are in groups of 1 to 3 on the
stem apices (Fig. 9.28C) and are also found singly on the stem (Fig. 9.28B). In the apex the
apical growing cell does not take part in its development. Each archegonium (Fig. 9.28D) is
more massive than in the Bepatics and is as large as in the mosses. It is flask-shaped and stalked,
with: a multilayered ventral jacket and a neck about 10 cells long with 4 vertical rows of wall
cells. The stalk is uncommonly massive. Sometimes it forms a long pedical. Peculiarly, the
archegonia are green.

Although not fully known, it may at least be placed in a separate order of the
Hepaticopsida as the Takakiales .. , Proskauer (1962), Schuster (1966) and Grubb (1970),
however, prefer to place the genus within Calobryales. This is supported by the p.::esence of the
rhizomatous base devoid of rhizoids and also by the presence of mucilage hairs on this
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rhizomatous base. Grubb has even called this rhizomatous base a root. But, still the position in
not certain.

, The first discovered species in Japan is T. lepidozoides (Fig. 9.28A). Takakia
ceratophylla (Mitt.) Grolle (Fig. 9.28A), collected from Sikkim (Lachen) by Hooker was
described more than a century ago by r ifitten as a Jungermanniale which he had named
Lepidozia ceratophylla Mitt. Recently (1973) both Takakia ceratophylla and T. lepidozoids
have been discovered by Iwatsuki from Arun Valley (4000m.) in East NepaL Outside India T.
ceratophylla is known only from the Aleutian Islands.

13. Summary

In order Marchantiales, starting from Riccia, there is a general advancement in the
elaboration of vegetative organs, the aggregation of the sexual organs into complex
gametophores, and a progressive differentiation of the sporogonium. This is known as
progressive evolution Schiffner, Cavers, Cambell, Bower, Fritsch, Smith are the chief supporters
of this view:

The simplest thallus structure is seen in most species of Riccia, where the upper tissue is
made up of the chlorophyllous filaments separated by narrow air spaces. In higher
Marchantiales the structure of the thallus is more advanced and differentiated into air chambers
which contain the chlorophyllous filaments. The elaborated pores (e.g. in Marchantia) remain
surrounded by independently in several distinct lines.

In Riccia, the sporophyte is the simplest known among the Hepaticopsida (Hepaticae). It
is simply a sac of spores and incapable of self-nutrition. It does not possess foot and seta. The
wall of capsule consists of one layer of cells in thickness. On the other hand, the sporophyte of
Marchantia is complex one and is completely dependent on the gametophyte for its nutrition. It
consists of foot, seta and capsule. There is gradual and progressive sterilization of the fertile
cells of the sporogenous tissue in the sporophyte.

The above mentioned theory of progressive sterilization was first proposed by Bower and
later supported by Cavers. According to this theory, Riccia has been considered as primitive and
Marchantia as a highly advanced genus.

The opposing view, according to which the Marchantiales show reduction starting from
Marchantia and culminating in the genus Riccia. Here Riccia represents not a primitiveform but
the lowest member in a descending series of reduction forms. This view has been supported by
GoebeL According to him, those members of the Marchantiales in which the sexual organs are
borne in receptacles found on the upper side of the thallus (e.g. in Marchantia) are reduced and
not primitive forms. He has also suggested that the sporogonium of Riccia in which sterilization
is limited to a single peripheral layer of cells is not a primitive type of sporophyte, but is the
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lowest term in a descending series of fonns in which the elaters become reduced to short sterile
cells and finally are not developed at an.

Questions:

1. Describe the life-history of Marchantia with suitable diagrams.

2. Describe the external and internal structure of the thallus of Marchantia.

3. Describe the structure and development of eyemmae.

4. Give an illustrated account of the structure and development of sporophyte in Marchantia.

5. Describe the development of archegonium in Marchantia.

6. Gametophores are modifications of vegetative thallus. Justify by giving reasons.

7. General Characters of Jungermanniales

8. Sexual reproduction of porella

9. Life cycle of calobryam

10. General characters of order sperocarpales

Reference Books:

1. University Botany - Dr. S.l.Chary, New Age Inernational (P) Ltd. Publishers.

2. Introduction to the Bryophyta - N.S.Parihar

3. College Botany, Vol. I, B.P. Pandey.

4. College Botany, Vol. I, Gangoli & Kar.
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1 Introduction

The Anthocerotean bryophytes are commonly known as "Horn Worts". The class
anthocerotopsida contains only one order, Anthocerotales and only one family Anthocerotaceae. The
important genera of the family are Anthoceros, Notothylos, Dendroceros and Megaceros. The
species of Anthoceros and Notothylos are cosmopolitan in distribution-while that of Dendroceros and
Megaceros species inhabit only tropical and sub-tropical regions. .:

The plants are thallose gametophytes, with little internal differentiation. The thallus is with
or without mid-rib. Mucilaginous cavities containing blue green algae like Nostoc are present on the
ventral side of the thallus. Most of the species have cells with single chloroplast in each cell.
Chloroplast contains pyramid Rhizoids smooth walled Tuberculate rhizoids and scales are absent.
The sex organs are sunken in the thallus Antheridium endogenous in origin. Sporophyte is well
developed and differentiated is to foot and capsule, seta is absent. It contains single order
Anthocerotales.

3. Anthocerotaceae .

The general characters of Anthocerotaceae Have been discussed with reference to Anthoceros
and Notothylas. The plant body is a thallus, with dorsiventral differentiation. The internal'
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differentiation of the tissue in thallus is less marked or absent. Each cell of the thallus has a disc
shaped chloroplast and a pyrenoid. Mucilaginous cavities containing blue green algae are present on
the ventral side of the thallus. Rhizoids are one type.' Tuberculate rhizoids and scales are absent.

Sex organs are sunken in the tissue of gametophyte, Antheridia are formed in groups in
Antheridial chamber. Antheridia are endogenous in origin. Archegonia develop from the superficial
cell. :. . '. ,

Sporogonium is long and cylindrical sporogonium is differentiated into foot, seta and capsule.
Seta is represented by intercalary meristem. The capsule grows indefinitely due to the activity of
inter-calary meristem. The sporogenous tissue differentiates from amphi thecium. The wall of the
capsule is multilayered with chlorenchylnatory cells and stomata. Pseudo elaters are formed along
with spores.

Distribution and Habitat

Anthoceros comprise 20 species. The specie are widely distributed all over the world, both in
tropical and temperate regions of the world. About 25 species of Anthoceros and four species of .
Notothylas have been reported from India. Kashyap reported five species from western Himalayas.
They occur at an altitude of 5000-8000 ft. Both Anthocerosand Notothylas species prefer shady and
moist places. They grow along banks of streams, ditches, moist hill slopes. They cannot withstand
dry conditions.

tuber
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Fig. 10.1 Anthoceroa: A. Antr oreros laevis; B&C. A. himalayensis; D&E. A. erectus
,; ';. =, . (adopted fron. 1.. uiversity Botany-I, Dr. S.J.Chary)



/Acharya Nagarjuna University

5. Vegetative Gemetophyte
(i) External Morphology

10.3 Center for Distance Educatio~

Anthoceros plant is a gametophyte. The thallus is small, dark green or yellowish,
dorsiventrally _differentiated, dichotomously or irregularly branched, with no distinct midrib. Dorsal
surface of the thallus. is either smooth or rough due to the presence of the ridges. Rhizoids arise from
the ventral surface of the thallus. Rhizoids are smooth walled. Tuberculate rhizoids and scales are
absent. Small round bluish-green cavities can be spotted on the ventral surface of the thallus, in
which blue-green algae, especially Nostoc develop. AT maturity long, cylindrical sporogonia in
clusters can be seen on the dorsal surface of the thallus.

(ii) Thallus-Internal Structure

Internally the thallus structure is very simple. It shows no internal differentiation of tissues.
-It is composed of only parenchymatous tissue. Air-chambers, air pores, assimilatory filaments as in
Marchantia are absent. Thallus is composed of 8 to 10 rows of parenchymatous cells. Each cell
possesses a disc shaped chloroplast and a pyrenoid. The presence of chloroplast and pyrenoid is an
algal character. But the chloroplasts of Anthoceros and algae are not of same nature.

I "I

I

Chloroplast

~, ~........,/&)[
I

Mucilage Cell
A

I
i
I
I-

I
I

i

I-

I
!

Chloroplast

B

Fig. 10.2 Anthoceros: A. Leevis thallus showing internal structure; B. Portion of A. punctatus, C.
Cells of thallus (enlarged) (adopted from University Bohm"T--l,.Dr. S.l.Chary)
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Rounded spots or specks of blue-green algae can be seen on the ventral surface of the thallus.
These, are called slime-pores. These slime-pores lead internally into cavities in which blue-green
algae, especially Nostoc develop. The nature of association between Anthoceros thallus and Nostoc
is not definitely known Ridgway (1955) reported that the association is beneficial to Anthoceros for
its growth. Stewart (1977) supported the above view and demonstrated that the association is of a
highly specialised symbiosis, in which both the partners are benefitted by the association. On the
other hand, Pierce (1906) expressed the view that endophytic algae has nothing to do with the growth

. / .

of Anthoceros thallus. In some species according to Proskaner (1961) mucilagenous cavities are
completely absent. So the association is presumed to be a case of space parasitism.

Apical growth of the thallus is either by a group of meristematic cells on a single apical cell.
The apical cell is pyramidal in shape and has four cutting faces. Apical cell lie embedded in the
tissues of the anterior end of each thallus lobe

6. Reproduction

Reproduction takes place by two methods. 1. Vegetative reproduction, 2. Sexual
reproduction.

(i) Vegetative Reproduction: Vegetative reproduction takes place by various methods.

a) Fragmentation: Due to death and decay of the older parts of the thallus, the younger branches
become separated. Each separated branch grow as an independent plant. But this method of
vegetative propagation is not very common among the species of anthoceros.

-,

b) Tubers: In certain species of Anthoceros (Eg, A. tuberosus), in unfavourable conditions, small
tubers develop from the ventral surface of the thallus, either along the margin or at the apex.
Even if thallus dies during the drought conditions, these tubers with stand dry conditions and
germinate after the on set of favourable conditions. These tubers tide over the adverse conditions
and serve as organs of perenation.

c) By formation of Gemmae: In few species of Anthoceros Gemmae arise on the dorsal surface of
the thallus as in Marchantia. Gemmae helps in vegetative propagation of the plant. eg: A.
glandulosus ..

(ii) Sexual Reproduction

Most of the species of Anthoceros are monecious, eg: A. tusiformis, A,. himalayensis. Certain
other species are dioecious. eg: A. erectus. Monoecious species are protandrous i.e. Antheridia
appear earlier than archegonia. Sex-organs are embedded in the tissues of the gametophyte on the
dorsal side of the thallus.

(a) Structure and Development ofAntheridium

Antheridia are embedded in the tissues of gametophyte .. Antheridia are formed in groups in
antheridial cavity. Rarely only one antheridicum develops in an antheridial cavity e.g. A.

, " . I ,

himalayensis. (Fig. 10.3 J & K).
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Antheridia are "endogenous" in origin. the cell adjacent to apical cell on the dorsal side of the
thallus, becomes differentiated as "Antheridial initial cell". The initial cell divide into two cells (Fig.
10.3.B). The lower cell is called Antheridial initial cell. The upper cell gives rise to the roof of the
antheridial chamber hence it is called roof initial cell. Soon after, the roof initial and antheridial
initial cells separate from each other. The space thus developed gradually enlarges and become filled
with mucilage forms the antheridial chamber.

The antheridial initial cell undergoes one or two vertical divisions, resulting in the formations
of 2 to 4 initial cells. Each initial cell develops into a single antheridium (Fig. 10.3.F). Thus more
than one antheridia are formed in a single antheridial chamber. In certain species, secondary
antheridia may be formed due to the budding of the primary antheridia.

Antheridial initial cell divides transversely to form primary antheridial cell and primary stalk
cell. Primary stalk cell gives rise to stalk of antheridium which is of many cells in height and 2 cells
in width.

Primary antheridial cell first undergoes two vertical divisions and one transverse division,
thereby 2 tiers offour cells each are formed. Periclinal division takes place in two tiers resulting in
the formation of 8 peripheral primary jacket initials and inner 8 primary androgonial cells. Primary
jacket initials undergo only anticlinal divisions to form jacket layer of the antheridium. Primary
androgonial cells undergo repeated divisions to produce innumerable androgonial cells. The ultimate

. cells of the artdrogonial cells are called androcyte mother cells. Each androcyte mother cell divides
to form two androcytes. Each androcyte metamorphoces into a biflagellated sperm (Fig. 10.3) ..

Dehiscence

At the time of maturity, the roof of the antheridial chamber burst open and antheridia are
exposed. A small hole is formed at the apex of the antheridium due to the absorption of moisture.
Through this aperture oozes out mass of androcytes. Each androcyte after release, metamorphosis
into a sperm. The sperms are slender, biflagellated. The flagella are of same length as that of body.

(b) structure and Development of Archegonium

Archego-nia develop on the dorsal surface of the thallus, adjacent to apical cell. Archegonia
are sunken deeply in the tissues of the thallus. They are formed in a cropetal order.

Mature archegonium consists of an axial row of 4 to 6 neck canal cells. One venter canal cell
arid one an egg (Fig. lOA.B). There is no sterile jacket layer, hence the neck and venter of the
archegonium are in direct contact with the tissues of the thallus. The cover cells, four in number are
slightly raised over the surface of the thallus.

Any epidermal cell on the dorsal surface of the thallus is differentiated as 'Archegonial initial
12' cell' (Fig. lO.4A). This initial cell without undergoing division, directly develop into archegonium,
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hence it is called primary archegonial cell. The absence of division in the initial cell accounts for the
sunken position of the archegonia.

The primary archegonial cell undergoes three vertical divisions, intersecting one another
resulting in the formation of a central primary axial cell surrounded by three peripheral initial cells
(Fig. IO.4C). Peripheral initial cells contribute to the jacket tayer of the archegonium. Primary axial
cell divides transversely to form two cells, an upper cell called cover initial cell and lower cell is
called central cell. Central cell undergoes another transverse division to form two cells, primary neck
canal cell, and primary ventral cell. Primary ventral cell divides transversely to form a venter canal
cell and an egg primary neck canal cell undergoes transverse divisions to form 4 to 6 neck canal '
cells, cover initial cell divides vertically to form a lid consisting of 4 cells.
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Fig. lOA Anthoceros: A-G. Stages in the development of archegonium; H, Mature archegonium
(adopted from University Botany-I, Dr. S.l.Chary)
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As these changes are taking place, simultaneously jacket initial cells divided transversely to
form two tiers of 3 cells each. Later three cells of the upper tier undergo vertical division to form six
jacket cells. Six jacket cells un-dergo repeated divisions to form six vertical rows of neck cells.
These six rows of vertical cells form a single layer around the neck of the archegonium. The jacket
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layer of cells can hardly be differentiated from the cells of the thallus. The egg of the archegonium is
in direct contact with the tissues of thallus.

7. Fertilization

At the time of fertilization, neck canal cells and venter canal cell disorganise to form a
gelatinous substance. This gelatinous substance absorbs water and swells and as a result of it lid cells
open. Although many sperms enter the archegonium only one sperm fuses with the egg to form
zygote.

8. Sporophyte

(i) Development of Sporophyte

Soon after fertilization, the zygote enlarges in size and fills in the cavity of the venter. It
secretes a wall around itself. Zygote first undergoes a vertical division and later transverse division,
resulting in the formation of four equal or unequal cells (Fig. 10.5C). If the four cells are unequal,
the upper two cells (towards neck) are larger than lower cells. Another vertical division results in the

~ formation of 8 cells. This 8 celled stage is called "Octant" stage. Eight cells are arranged in two
tiers of 4 cells each. The upper tier contribute to the formation of capsule and intercalary meristem,
while the lower tier produces the foot.

In certain species of Arithoceros ego A. fusiformis, A. pearson ii, the upper tier undergoes
another transverse division, thereby three tiers of cells are formed (Fig. 10.5D). The lower tier gives
rise to basal portion of the foot, middle tier to upper portion of the foot and inter calary meristem and
upper tier to capsule. .

The cells of the lower tier undergo irregular divisions to form basal, bulbous foot. Sometimes
rhizoids like structures are formed from the foot, which increase the absorption surface and also serve
as haustoria.

Middle tier gives rise to intercalary meristem. The upper tie rcontributes to the formation of
capsule. In the upper tier 2 to 3 transverse divisions followed by periclinal division takes place.
Periclinal division results in the formation of outer Amphithecium and inner Endothecium.
Coliemella develop from Endothecium. At the beginning, there are only 4 rows of cells in columella.
But at maturity the columella is composed of 16 vertical rows of cells.

Periclinal divisions take place in Amphithecium, resulting in the formation of 4 to 6 layered
wall of the capsule. The outermost layer is known as epidermis. the outer walls of the epidermis is
thickly ·entimized. Stomata redistributed in the epidermis. The cells of the wall layers contain

. chloroplasts .. The inner layer of the amphithecium form archesporium Auchesporium may be single
layered (A. erectus) or 2 to 4 layered (A. hali).
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Archesporium is in the shape of a horse-shoe which covers the columella as a dome. Spore
mother cells and pseudo elater mother cells undergo reduction division to form spore-tetrads.
Pseudo-elater mother cells give rise t? pseudo elatus. Elaters are one or two celled and lack the spiral
thickenings (Fig. 10.5).
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Archesporium

H

Fig. 10.5 Anthocerus : A-I. Stages in the development ofsporogonium
(adopted from University Botany-I, Dr. S.J.Chary)

(ii) Structure of Sporophyte

The sporophyte of Anthoceros and Notothylas occupied a significant posmon
evolutionary sequence of plants, because of their structure and degree of independence.
sporogonia are long, cylindrical and one to several centimeters in length and grow inclusions.

in the
The
The
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sporangia are surrounded at the base by a tubular sheath called involucre. Involucre' i~ the outgrowth
from the thallus. It gives protection to tender intercalary meristematic region.

Sporogmium is differentiated into foot, intercalarymeristem and capsule
Foot is swollen, bulbous and buried in the tissues of the thallus. It mainly consists of

parenchymatous tissue. It helps in the absorption of water and nutrients from the thallus. In certain
species, the foot is modified into rhizoid like processes and serves as a haustorial organ.

Intercalary meristem is located at the base of the capsule. The presence of basal intercalary
meristem enables the capsule to grow indefinitely from the base.

Capsule is long, cylindrical. It is about to 3 em in length. In some species, it grows as much
as 15 ems in length.

Capsule possesses a complex structure. In the central part of the capsule is a sterile tissue
called columella (Fig. 1O.6A). In young sporangium, the columella is comprised of four vertical
rows of cells but at maturity, it contains 16 vertical rows of cells. Columella not only gives
mechanical support to the capsule but also serves as a conducting strand. The columella is
endothecial in origin. Columella is absent in some species ofNotothylas Around the columella is the
double layered archesporium. Arhcesporium is present over the columella as a dome. It is
differentiated from inner layers of arnphithecium. Archesporium is composed of a spore mother cell
and pseudo elater mother cell alternately. Spore mother cells on reduction division form spore
tetrads.

External to the archesporium is the wall of the capsule. Capsule wall is made up of 4 to 6
layers of cells. The outer most layer is called epidermis. The outer walls of the epidermal cells are
entimized. Epidermis is punctured by stomata. Each stomata consists of a pore, surrounded by two
guard cells. However, these do not show movement. The wall layers of the capsule are
photosynthetic.

Sporophyte of Anthoceros is semi-parasite on gametophyte. It depends upon the
gametophyte for water only. It can prepare its own food-material with the help of the photosynthetic
tissue.
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(adopted from University Botany-I, Dr. S.l.Chary)

(iii) Dehiscence of the capsule

At maturity, the sporangium turns black or brown in colour. Capsule becomes dry and split
open longitudinally from above, along the preformed dehiscence lines. The capsule in thus broken
into values. Tlie values separate progressively' downwards and curl back. As the values separate
from each other, the underlying mass of spores and elatus are exposed. The exposed spores are
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Idispersed by wind. Dispersal of spores
I

I hygroscopic movement ofelaters.
is further assisted by drying of the columella and also

9. Germination of spore

Spore after dispersal undergo a period of rest. But Mehra and Kachroo (1962) reported that
the spores of A. erectus. A. punctatus germinate without a period of rest.

The wall of the spore is thick. It is differentiated into an. outer exosporium and inner
endosperium. At the time of germination, the spore absorbs water and swells. Exo-sporium burst
along the tri-radiate ridge. -Endosporium emerges out as germ-tube.

The contents of the spore migrate into the germinal tube. The distal end of the germ tube
undergoes both transverse and longitudinal divisions to from a mass of 8 cells. The four apical
octant constitute the growth apex. First rhizoids appear on the young thallus. On the ventral side
mucilaginous cavities appear, close to the growing apex. Nostoc enter the mucilaginous cavities.

11. Evolutionary significance of Sporophyte

Sporophyte occupies a significant place in the evolutionary sequence of plants. The capsule
is long cylinderical and grows from the base due to intercalary meristenatic tissue. Columella is
comparable to the conducting strand of vascular plants. These features have led some researcher to
presume. that the primitive land plants might .have originated from Anthoceros-like forms.
Archesporium develops from Amphithecium which facilitates the easy dispersal of spores. Alternate
development of sporogenous tissue and sterile tissue in Archesporium is an important step in the
direction towards the origin of sporangium.

The wall layers of the capsule contains cells with abundant chloroplasts and few stomata.
,/ Due to the presence of well ventilated photo synthetic tissue the sporophyte makes its own food

material and depends on the gametophyte for water alone. In certain species of Anthoceros the foot
produces rhizoids like processes ~hich penetrate the thallus and establish direct contact with the soil.
It is an important step in the establishment of the independence of the sporophyte. The intercalary
meristem contributes to the continuous growth of the capsule from base comparable to land plants.
There is a definite mechanism for dehiscence and dispersal of spores.

12. Affinities
;.,.

The class Anthocerotopsida occupies in Bryophyta. Anthoceros show resemblances with
algae especially chlorophyceae on the one hand and pteridophytes on the other hand. At the same
time, it shows resemblances with Hepaticae and Musci.
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A. Resemblances with Chlorophyceae

1. The plant body is thallus as in the members of chlorophyceae.
2. Each cell of the thallus possesses one or two discoid chloroplasts and one pyrenoid in each

chloroplast, It is an algal feature uncommon among Bryophytes.
3. It has Biflagellate sperms.

B. Resemblances w~th Hepaticae

1. It has a simple thallus like plant body with dorsiventral differentiation similar to the thallus of
members of Hepatieae.

2. The apical growth of the thallus is similar to that oflinerworts.
3. Biflagellate sperms exist as in Hepatieae.
4. Separation of Amphithecium from endothecium by periclinal division.
5. Archesporium is composed of spore mother cells and sterile pseudo elaters.

C. Resemblances with Musci

1. Presence of well ventilated photo synthetic tissue in the wall of capsule.
2. Presence of central core of solid tissue called columella, a feature commonly seen in moss plants.
3. Archesporium is greatly reduced as is mosses.
4. Sporogenous tissue develops from Amphithecium.
5. Greater degree of independence of sporophyte.

D. Resemblance with Pteridophytes

1. The gametophyte of Anthoceros and fern prothallus exhibit a greater degree of similarity.
2. Sex organs are deeply embedded in the tissues of thallus as in Pteridophytes.
3. Similarly of structure of Archegonium with Pteridophytes archegonium.
4. Semi-parasitic nature of Anthoceros sporophyte comes very close to the sporophyte of primitive

fossil pteridophytes like psilophytales.
..

The above features clearly indicate that Anthoceros form a connecting link'beiween algae on
one hand and primitive land plants on the other besides having resemblances with liverworts and '
musci.

10. Life Cycle

Anthoceros is an independent gametophytic plant. Male and female sex-organs develop on
the dorsal surface of the .thallus. After fertilization zygote develops into sporogonium.vSporophyte is
a semi-arasite on the gametophyte. In sporogonium to spore mother cells and pseudo elater-mother
cells are formed. Spore mother cells undergo reduction division to form spore-tetrads. Sporesare
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haploid. Spores on germination give rise to gametophyte plant. Thus In the life-cycle of
Anthocerosthere is heteromorphic alternation f generations.

Fig. 10,7. Anthoceros sp. Diagrammatlc life-cycle. A, thallus; B, archegonium; C, antheridium, D,
egg within venter; E, sperm or antherozoid, F, male and female nuclei are in close vicinity; G. zygote
(Zn); H, two-celled embryo; J, four-celled embryo; J, three tier stage; K-young sporophyte in L.S; L,
spate mother cell; M, spore tetrad, N, spore(n); 0, germination f spore and development of young
thallus.
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Based on the above, 'Campbell formulated a theory known as "Anthocerotean ongm of
Pteridophytes". According to him primitive land plants might have originated from Anthocerotean I

ancestral forms. 'Ca~pbell also expressed a view that Anthoceros 'stands as a bridge between
Bryophytes and Pteridophytes. But many other are critical about these views.
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Fig. lO.8.Anthoceros. Graphic life-cycle

SUMMARY

Biological significance of Anthocerotopsida

The sporophytes of Anthocerotopsida exhibit probable lines of biological progresses A~S
follows:

1. The presence of elaborate ventilated assimilatory system suggests the beginning of the
physiological independence of the sporophyte.

2. The discontinuation of continuous sporogenous tissue by the growth of sterile cells between the
spore mother cells which suggests the beginning of the formation of sporangia.

3. The establishment of a well developed sterile columella from the central endothecium suggests
- -the beginning of the formation of conducting system and the initial stage in the formation of

superficial sporangia.
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4. The presence of intercalary meristematic zone suggests the beginning of the irideterminate and
continuous growth of the sporophyte.

Questions:

Answer the following in about 25 lines.

1. Describe the external features and internal structure of thallus of Anthoceros.
2. Give an account of the structure and development of Antheridium in Anthoceros.
3. Describe the phylogenetic importance of the sporogonium of Anthoceros,
4. Describe the structure of sporophyte of Anthoceros.
5. Describe the life-cycle of Anthoceros.
6. Compare and contrast the sporophytes of Marchantic and Anthoceros with suitable diagrams.
7.. Justify the separation of Anthoceros from Hepaticae.
8. Sporophyta of Notothylas

Reference Books:
1. University Botany - Dr. S.J.Chary, New Age International (P) Ltd. Publishers.

2. Introduction to the Bryophyta - N.S.Parihar

3. College Botany, Vol. I, B.P. Pandey.

*****
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1. Introduction

The Bryopsida (Musci) is the third and largest class of the Bryophyta. It consists of about
660 genera and 14,500 species. The Bryopsida are characterized by the following features. The
gametophyte is differentiated into two stages: a branched prostrate, juvenile filamentous or
thalloid stage, the protonema, which is usually transitory; and an erect, radial leafy shoot, the
gametophore, which is generally persistent. The gametophore consists of stem and spirally
arranged leaves, and bears the sex organs. The rhizoids are multicellular branched and provided
with oblique cross walls. The sex organs are formed from the superficial cells of the
gametophore. The sex organs usually show a definite apical cell in the earlier stages of their
development. Thesporogonium is determinate in growth and usually consists of a foot, a seta
and a capsule. The wall of the capsule consists of several layers of cells covered b.y an epidermis,
with functional or nonfunctional stomata. The achesporium develops from the endothecium or
amphithecium and usually encloses a central columella. The archesporium gives rise to spores
only, and the sterile cells (elaters) are conspicuously absent.

2. Classification of Bryopsida (Musci)

The Bryopsida are usually divided by many botanists into three orders Sphagnales,
Andreaeales and Bryales (Bower, 1935; Wettstein, 1933-1935; Campbell, 1940).
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Dixon (1932) gave the above orders the'rank of sub-class but retained the sufflx-a\es in
each case. Thus he divides Bryopsida as' follows:-

Class : Bryopsida (Musci)
Sub-class I : Sphagnales .
Sub-class II : Andreaeales
Sub-class III : Bryales

Smith (1938, 1955) divided the Bryopsida (Musci) into 3 subclasses :-Sphangnobrya;
Andreacobrya and Eubrya. r-----------------------------~--_,
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Fig. 11.1. A. Sphagnum palustre (S. cymbifolium). Portion of a gametophore bearing a terminal
cluster of sporogonia. B. Sphogonium aculifolium. Part of gametophore bearing antheridial and
archegonial branches. C. an antheridial branch of S. lacutifolium. (A-C, after Schimper).

Engler, Melchior and Werdermann (1954) and reimers (1954) in conformity with the
recommendations of International Code of Botanical Nomenclature, Utrecht (1952). used the
suffix-idae for the sub-class, but divided the Bryopsida into 5 sub-classes.

Class. Bryopsida (Musci)
Sub-class I : Sphangnidae
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Sub-class II : Andreaeidae
Sub-class III : Bryidae
Sub-class IV : Buxbaumiidae
Sub-class V : Polytrichidae

".

divergent branches

rtf-f~---~::::::::""pend.rit branche.

Fig. 11.2. Sphognum aeutifolium. Portion of a plant showing one of the branch tufts; only a
small portion of the other branch tuft is shown. (Adapted from Cavers).

The8ryopsida (Musci) hae been divided into 3 sub-classes with the suffix-idae used for the sub-
~lass. ~
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Class : Bryopsida (Musci) - ; i

Sub-class I : Sphagnidae
Sub-class II : Andreaeidae
Sub-class III :Bryidae

3. Sub-class: Spbagnidae

The Sphagnidae is usually recognised as the most primitive sub-class of the Bryopsida
(Musci). This sub-class has the following distinctive features. The protonema is thallose, and is
a flat expanse of variable structure, but is usually one cell thick. It is attached to the substratum
by numerous multicellular rhizoids with oblique septa. The protonema usually develops only
one gametophore. The leaves of the gametophore lack a midrib and are peculiar in being
composed of two different types of cells; the narrow, living, green cells; and large, hyaline, dead
cells. The branches .arise in lateral fascicles in the axils of leaves of the stem. The antheridia are
lateral and develop in the axils of the leaves of an antheridial branch. The archegonia are
terminal. The archesporium is formed from the amphithecium of the embryo. The entire
endothecium forms the columella, which does not penetrate the sporebearing layer. The capsule
open by an operculum, but lacks a peristome. The sporogonium is elevated by a special
gametophytic structure, the pseudopodium, which functionally replaces the seta of higher orders
of Bryopsida. This sub-class has a single order Sphagnales, which in turn has a single family,
Sphagnaceae. The Sphagnaceae are a group of about 336 species, all belonging to the single
genus Sphagnum.

4. Sub-Class: Andreaeidae : Andreaeales

The Subclass Andreaeidae is intermediate between the Sphagnidae and Bryidae, as it
possesses attributes of both the subclasses. This subclass is characterized by the following
features: The gametophores are small dark-brown or reddish and brittle. The stem lacks a central
conducting strand, and is composed of cells with uniformly and densely thickened cell walls.
The perichaetial leaves are often large, erect and convolute. The archesporium and the columella
are derived from the endothecium. The spore sac is dome-shaped and overarches the columella.
The wall of the capsule is without spongy photosynthetic tissue. The sporogonium consists
mainly of a foot and a capsule, the seta being very short. The capsule is elevated at maturity on a
post-fertilization gametophytic structure, called the pseudopodium. The capsule opens at
maturity usually by means off our (rarely as many as ten) longitudinal slits, which do not
converge at apex. The protonerna is usually thallose and starts its developmentinside the spore.

This subclass has a single order, Andreaeales, which in turn has a single family,
Andreaeaceae. Brotherus (1924) recognises only two genera, Andreaeatuui'Neuroloma.it: this
family. Reimers (1954), however, includes three genera: Andreaea, Acroschisma and Neuro-
loma, in this family. Neuroloma and Acroschismaa are monotypic genera, whereas Andreaea has :- ,t-
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. about 120 species. Bruhl (1931) hasrecorded four species from Sikkim. We will describe the life
history of Andreaea in detail.

SPOR,OGOl'llUM SPOROGONIUM

c

Andreaea rupestris. A. portion of a gametophore with immature sporophyte.
B. portion of a gametophore with mature sporophyte. ,..

C. transverse section of stem. (A. after Bruch et al.; B-C, after Kuhn).

Fig.ll.:; .
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Distribution and Habitat

Andreaea is distributed over the whole earth, but is especially abundant in the arctic,
antarctic and coldet temperate regions of both the hemispheres. In the tropics they are found on
the tops of higher mountains.

The majority of the species of Andreaea grow in extremely dry situations, especially on
noncalcareous granite rocks, that is why it is commonly called the "granite moss". However, a
few species, e.g., A. nivalis, grow on andesyte rocks submerged in streams.

A
1

2~
'F'

.. . ...

.••.~ •.........
c

Fig. 11.4. Andreaea. Stages in the development of sporogonium. A,e, A. crassinervia; B, E-J,
A. rupestris;, D. Andreaea sp. A. young embryo, B-E, older embryos. I, archesporium
differentiated. J, archesporium divided into two layers (A-C, E-F, after Waldner; D, after Muller-
Berol).

13'
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The gametophyte

The gametophyte has two phases: the juvenile protonema phase and the persistent leafy
plant, the gametophore. The gametophores are relatively small, dark-brown to blackish in colour
and grow in tufts or cushions. The general structure of the gametophore is hardly different from
that of Bryidae. The stem, which is prostrate creeps along the surface of rocks and exhibits
sympodial branching in which one branch grows more strongly than the other. Numerous
rhizoids of peculiar structure spring from the basal creeping portion of the stem. These rhizoids
are not simple rows of cells as in the Sphagnidae and the Bryidae, but are either cylindrical
masses of cells or flattened plate-like outgrowths. The former penetrate into the crevices of
rocks, while the latter apply themselves very closely to the surface of rocks.

The slender stem bears small, frequently crowded, papillose or smooth brittle leaves of
variable shape, ranging from ovate to subulate. In some species, e.g., A. obovata and A.

, rupestris, the midrib is lacking and. the leaves are one cell in thickness, whereas in other species,
e.g., A. blyttii and A. rothii, the median longitudinal axis of the leaf is differentiated into a midrib
more than one cell in thickness. The leaves are spirally arranged on the stem with a divergence
of 3/8. The presence of chlorophyll 'in the leaves is not apparent except in very young leaves .

. Anatomy: The stem in cross section shows an almost uniform structure without any internal
differentiation into cortex and central conducting strand (cf. Bryidae). The superficial cells may
be somewhat thicker-walled and dark-coloured than the deep-lying cells. The cells bear large oil
globules.

Apical Growth: The apical growth, of the stem takes place by an apical cell with three cutting
faces. The segments cut off by the apical cell form three rows of leaves corresponding to the
three cutting faces.

Sexual Reproduction

Andreaea is usually rnonoecious, but some species, e.g., A. blyttii and A. nivalis are
dioecious. In the monoecious sJecies the antheridia and archegonia are borne in terminal groups
on separate branches. The ant~eridial and archegonial groups are surrounded by a number of
perigonial and perichaetial bracts respectively. The antheridia and archegonia are interspersed
with numerous filamentous paraphyses. '

According to Kuhn (1.870) the development nf the sex organs is not different from that of
Bryida

The first archegonium is derived directly from the apical cell of the female branch, the
later ones being formed from the last:' formed lateral segments cut off by the apical cell.

I

.1f:ro, .. ; :~ ,
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The mature archegonium has a short stalk and a long neck."It resembles in all respects the
archegonia of Bryidae.
The Sporophyte

Development of the Sporogonium: The development of the sporogonium of Andreaea was
worked out by Waldner (1887). According to him, the first division of the zygote is by a
transverse basal wall and two nearly equal cells, the epibasal daughter cell and the hypobasal
daughter cell, are formed, The hypo basal daughter cell divides somewhat irregularly and gives
rise to an irregularly arranged mass of cells, the foot, which is haustorial in nature. The first
division of the epibasal daughter cell is by a curved oblique wall (Fig. II.SA), the distal cell
being considerably larger than the other cell. With the formation of a second curved intersecting
wall, a two-sided apical cell is constituted.

The apical cell in the epibasal region cuts off, as a rule, about twelve alternating
segments six on either side, before further divisions occur in the segments. Each segment is first
divided by a median radial wall so that a cross section of the embryo at this stage shows four
equalquadrants. Periclinal walls are next laid down in all the four quadrants which separates a /
central group, the endothecium, from an outer layer, the amphithecium., The endotheclur~/
divides by a periclinal wall to form an outer fertile layer, the archesporium and an inner sterile
region, the columella. The differentiation of the archesporium begins in the lower part of the
epibasal region, and later it is completed upwards. The archesporium ultimately becomes two-
layered and is dome-shaped, extending over the top of the columella, as in Sphagnum and
Anthoceros. The cells of the archesporium by repeated divisions form a number of sporogenous
cells, all of which form the spore mother cells. The latter divide to form the spores. The amphi-
thecium gives rise to the wall of the capsule that eventually becomes three to eight cells in
thickness.

.- The Mature Sporogonium: It consists of a swollen foot or haustorium and a minute capsule
(measuring approximately 0.5 mm. in length), the two being connected by a very short seta or,
neck. The capsule is ovoid, tapering a little at base and apex. It has a wall about six layers of
cells. The outermost layer of the wall is the epidermis, the cells of which are thick-walled over
the greater part of the capsule, except along four longitudinal lines which are equidistant from
each other and reach .neither the apex nor the base of the capsule. In the centre of the capsule
there is a club-shaped columella extending nearly to the top of the cavity. The spore sac is dome-
shaped and contains spores only. As in Sphagnum the seta never elongates and the sporogonium
remains,.until mature, enclosed by the thick calyptra and the perichaetial leaves, The function of
the suppressed seta is taken up by the pseudopodium which is a leafless stalk formed 'by the
post-fertilization intercalary growth of the axis otthe archegonial branch. The pseudopodium
carries on its surface some of the unfertilized archegonia, and expands above into a .swelling into
which the foot ofthe sporogonium.is embedded (Fig. 11.5A).
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Fig. 11.5. Andreaea rupestris. A. Entire sporogonium after elongation of pseudopodium
(diagrammatic). B. median longitudinal section of the sporogonium at the time of division of
archesporium. C, longitudinal section of mature sporogonium (diagrammatic). (A-B, after
Kuhn).

Dehiscence of the Capsule

After the spores have matured the pseudopodium elongates, thus elevating themature
sporogonium at its top beyond. The enveloping perichaetial leaves.. As the capsule enlarges the
calyptra is also ruptured and its upper portion is carried up on the apex of the capsule leaving a
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basal vaginula. When the mature capsule dries dehiscence occurs usually along the four
longitudinal lines of dehiscence marked out by the rows of thin-walled epidermal cells. Thus in
most species the capsule opens by four longitudinal slits, but in some species there may be as
many as six to eight-slits. These slits extend neither to apex nor base of capsule and the ends of
the four valves remain united. Though the peristome of typical Bryidae is lacking there is an
opening and closing of the ruptured capsule jacket in response to hygroscopic changes. As
shown by Goebel (1895} the moist spores adhere to the edges of the slits, which close in moist
weather, and become dry-and loosened when the slits gape widely on drying.

The young Gametophyte

The Spores

The spores are 0.0 IS to 0.04 mm in diameter and the exospore is smooth or slightly
roughened, dark, and thick-walled. The endospore is thin. Inside the wall there are chloroplasts
and oil globules.

Germination of the Spore and Formation of Protonema

The spores maygenninate within a week, or sometimes they remain unchanged for
months. The germination of the spore and the peculiar form of the protonema were investigated
by Kuhn (1870) and also by Berggren (1868). The germination of the spore is peculiar, in.the
sense that the protoplast of the spore divides in regular and characteristic manner and forms a
globular cellular mass of tissue whilst still enclosed within the intact exospore (Fig. 11.6A-E).
This stage recalls the corresponding' one in certain Hepaticopsida, e.g., Pellia except that in
Andreaea these divisions take place after the spore is shed from the capsule. This mass of cells is
known as "primary tubercle". Eventually, the exospore ruptures and some of the superficial
cells of the primary tubercle grow out separately to form short slender filaments. A filament
becomes 3 to 5 cells in length and then its terminal cell begins to function as an apical cell with a
single posterior cutting face. These filaments branch freely, some of the branches creeping over
the substratum, while others grow upwards and turn green, others again grow into the crevices in
the rocks and remain colourless.

The form of the protonema shows a great variety. Where the protonema grows appressed
to rocky surface 'it widens out to a many-lobed and highly branched expansion in which certain
of the finer branches function as rhizoids. The erect filaments may become cylindrical and
produce leaf-like plates quite similar to the protonema of Sphagnum.

If conditions for growth become unfavourable the protonema of Andreaea can enter into
a dormant stage. The protonemal stage may develop buds, which give rise to leafy axes on any
portion of the protonema. '
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Fig. 11.6. Andreaea petrophila. Gerinination of spore and formation of thalloloid
protonema. A-F. formation of cellular body within the spore, G-I, Its further germination .. J,
older protonema. (After Kuhn and Berggren).

. .

The bud becomes a globose mass of 20 to 30 cells, and then one of these. cells begins
to function as an apical cell with three cutting faces. .
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5. Sub. - Class: Bryidae

The Bryidae include the great majority of the Bryopsida, and are commonly called the
true mosses. They are regarded as the rnost highly developed group of the Bryophyta and are
characterized by the following features: The leaves on the gametophore usually have a distinct
midrib, more than one cell in thickness. the epibasal and hypobasal halves of the embryo,
formed by the first transverse division of the zygote, usually grow by a two-sided apical cell.
The endothecium usually forms the columella and the archesporium. The columella usually
penetrates the cylindrical spore-bearing layer, and continues upto the apex of the capsule, The
spore sac is usually separated from the wall of the capsule by an intercellular space traversed
by filaments of cells. The sporogonium is never elevated at maturity on a pseudopodium but
the capsule is usually raised by a seta, which lengthens gradually. The mature capsule is
usually complex in structure, being internally differentiated into several tissues. The capsule in
a large number of genera usually opens by means of an operculum, and the spore cavity is
commonly covered by a peristome, which ensures gradual spore dispersal. The protonema,
with a few exceptions, is usually filamentous. The Bryidae include approximately 14,000
species grouped in about 675 genera.

Classification of the Bryidae

The classification of the sub-class Bryidae presents some problem because the
gametophyte and sporophyte generations are usually highly developed, but the evolutionary
advance does not proceed along similar lines in both the generations.

The earlier classifications of the Bryidae were based upon the characters of either
gametophyte alone, or sporophyte alone. Thus on the basis of sporophyte characters alone, the
primary divisions of Bryidae (Bryales) into Cleistocarpi (capsule opening by irregular rupture
or decay of its walls), and Stegocarpi (capsule opening by a predetermined dehiscence line or
zone which throws off the apical portion of the wall as a lid or operculum) appears to have been
first proposed by Muller (1849).

Similarly on the basis of gametophyte characters alone the divisions Acrocarpi (position
of archegonial groups at the end of main axis or principal branches), and Pleurocarpi
(archegonial groups on short lateral branches) was first suggested by Bride (1826) and was
followed by Engler (1892). Both of the above mentioned systems were more or less artificial.
For a really natural system of classification of the Bryidae the characters of both the
gametophyte and sporophyte generations should be taken into consideration. Fleischer (1902-22)
first of all proposed an absolutely original and entirely new classification of Bryopsida (Musci)
which was based on characters drawn partly from the sporophyte and partly from the
gametophyte. The primary divisions are based on the characters of the sporophyte and within

.these divisions the grouping of families ~sbased on gametophyte characters. His system has been
adopted by Brotherus (1924-1925) almost in its entirety. Other-bryologists also have followed



jACHARY A NAGARJUNA UNIVERSITY 11.13 CENTRE FOR DISTANCE EDUCATtONj

him but made little departures from his system. The system being followed in this book is
essentially that of Fleischer (1920), but the proper suffix for the sub-class (unterklasset-uise,
and for the cohort (reihengruppe),--iidae have been introduced according to the
recommendations of the IntemationJl Code of Botanical Nomenclature, Utrecht (l956).
However, Fleischer's original names "for the above mentioned taxa are given in brackets side by.
side, with the new names introduced here.

1.
l.

2.
3.
4.
5.
6.
7.
8.
9.

10.
11.

II.
12.
13.

III.
14.
15.

Sub-class (Unterklasse), Bryidae (Bryales)

Cohort (Reihengtuppe)
Order (Reihe)
Order (Rei he )
Order (Rei he )
Order (Reihe)
Order (Reihe)
Order (Rei he )
Order (Rei he )
Order (Reihe)
Order (Reihe)
Order (Reihe)
Order (Reihe)
Cohort (Reihengruppe)
Order (Reihe)
Order (Rei he )
Cohort (Reihengruppe)
Order (Reihe)
Order (Reihe)

Eubryiidae (Eubryinales)
Fissidentales
Dicranales
Pottiales
Grimmiales
Funariales
Schistostegales
Tetraphidales
Eubrayles
Isobryales
Hookeriales
Hypnobryales
Buxbaumiidae
Buxbaumiales
Diphysciales
Polytrichiidae
Polytrichales
Dawsoniales

(1 family)
(8 families)
(5 families)
(1 family)
(5 families)
(1 family)
(1 family)
(16 families)
(2lfamilies)
(6 families)
(11 families)
(B uxbaumi inales)
(1 family)
(1 family)
Polytrichinales
(1 family)
(1 family)

Wettstein (1933-35) has followed Fleischer's system, with few changes in the names
here and there.

Dixon (1932) has also made little departures from Fleischert's grouping. He has also
emphasized the characters of the sporophyte, especially the peristome, for the primary divisions.
Thus he divides the sub-class "Bryales" (Bryidae) into two clans, the Nematodonteae
(peristome teeth solid, not transversely barred, derived from concentric layers of the cells of the
sporogonium) and the Arthrodonteae (peristorne teeth thin, membranous, derived from a single
layer of cells of' sporogonium. trans\ia'\r~cly barred and articulate). Under the' clan
Nematodonteae he includes 5 orders: Tcrraphidales, Calornniales. Schistostegales, .
Buxbauminales and Polytrichales. The Clan Arthrodonteae has been sub-divided into 3 sub-
clans: (i) Haplolepideae, including the 5 Iblrdcrs: Fissidentalcs. Grimmia'lcs, Dicranales,
Syrrhopodontales, Pottiales; (ii) Heterolepideae, including a single IOrcler Encalyptales; and (iii)
Diplolepideae, including the 6 orders: Orthotrichales, Funnrinlcs. Eubryales, Isobryales.
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Hookeriales and Hypnobryales.
, :

Reimers (1954) has also followed mostly Fleischer's classification but the two cohorts,
viz., Buxbauminales and Polytrichinales, have each been: given the status of a sub-class
equivalent to Bryidae. Thus Reimers (1954), Engler, Melchior and Werdermann (1954)
recognise 5 sub-classes of Bryopsida (Musci).

We shall describe the life-history of two genera of Musci, one belonging to the order
Funariales and other to the Polytrichales.

6. Order : Funariales

The Funariales are characterized by the following features. The plants are usually
terrestrial small, annual or biennial. The leaves are broad, ovate or spathulate, and usually
form a terminal rosette. The cells of the leaves are lax, thin-walled and smooth. The capsule
is usually wide,' and the operculum is never provided with a long beak. The calyptra is
usually distended. The peristome is usually double, the endostome (inner peristome)
processes being usually opposite to the exostome (outer peristome). The endostome lacks a
basal membrane and the cilia are absent.

The Funariales include about 356 species grouped in 26 genera.

Classificationof Funariales

The Funariales include 5 families: Gigaspermaceae, Funariaceae, Disceliaceae,
Oedipodiaceae and Splachnaceae. '

FlII7fTJ'iti belongs to the family Funariaceae.

Family ~Funariaceue
. ~, .' '

The name of this family is derived from the latin word 'funis', meaning cord, on account
!i}f thl~'sri 1';,) IIY twisted seta of Funaria hygrotnetrica. The Funariaceaeinclude small mosses
\.villtildll' i!.i(>spiFc>se ~r gregarious in habit. The leaves are wide and soft. The calyptrae have.
lung beaks. The capsules may be immersed or borne on long twisted setae. The capsule is, .
usually pyriform and .cernuous (somewhat drooping or nodding).

Th~'Funariaceae, include 9 genera and 200 species. We Sh}llddescribe the, life-history of'
the largest ~eJ1l1S'.t'.,;tN,Jtfri wlll'L"il Includes more than half of the species of the Funariaceae.
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Distribution and Habitat

Funaria is a very common moss, and is very widely distributed throughout the world. It
includes about 117 specie's, out of which about 15 species have been recorded from India by
Bruhl (1931). One species, Funaria hygrometrica, is cosmopolitan, and is the best known of all
the mosses. The following account is mainly based on the structure, development and life-

/ history of this species. It usually grows on the ground in close tufts, frequently on recently burnt
land where ashes of plants are present. Sometimes it also occurs on rocks, walls or crevices.

The Gametophyte

The gametophyte shows two distinct phases; (i) a prostrate, filamentous alga-like
ephemeral structure, the protonema and (ii) the upright, leafy persistent moss plant, the
gametophore.

The gametophore is small, about 1 to 3 centimetres high, .and consists of a slender,
erect, .radial stem covered with small, simple leaves (Fig. 11.7A). The stem is branched, the
branching being usually monopodial. The branch originates below a leaf, i.e., extra-axillary.
The branches are also erect and grow in a vertical direction like the main stem (Fig. 11.7A-D).
At the base of the gametophore there are numerous branched, slender, multicellular rhizoids.
Watson (1957) points out that careful examination of a young and healthy; plant of F.
hygrometrica reveals a rhizoid system which is quite extensive and consists of at least three
orders of magnitude though similar in fundamental structure. The rhizoids which arise from
the base of the stem, and grow vertically downwards in the substratum for a distance of about
two centimetres, are stout, brown and cable-like. These rhizoids form the main anchoring
strands. Here and there along; these main strands arise irregularly branched laterals of finer
dimensions and the ultimate branches are of a still finer calibre. Each rhizoid arises from a
superficial cell on the lower part of the stem, and consists of a branching row of cells with
oblique septa. The rhizoids are colourless in the young stage, but become red or brown at
maturity. The colour of the rhizoidsis due to the coloured walls and not due to the contents
inside the rhizoids. The rhizoidsusually contain oil, and where they are exposed to the light
they develop chlorophyll also.

The leaves are spirally arranged on the stem. The younger leaves at the apex are
arranged in three vertical rows corresponding to the three cutting faces of the apical cell of
the gametophore. The older leaves, back from the apex, become displaced andare spirally
arranged with a divergence of 3/8. The lower leaves are smaller and scattered, while the
upper ones are larger and crowded at the apex of the stem. The leaves are sessile, usually

-ovate in formwith a pointed apex and entire margin (Fig. I1.7A). They are attached to the
stem by broad base. The youngest leaves lack a midrib but in most of those of moderate size
there is a distinct midrib.
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Fig. 11.7 Funaria hygrontctrica. A. a plant. 8-0., male and female branches. B. with
archegonia. C. with young sporogonium, 0, with mature sporogonium. E, a section cut through
the two axes (i.e. male and female) in the region of attachment CA, after Janzen; B-E, after'
Boodle). . "'"
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The Apical Growth

The stem: The apical growth of the shoot take places by means of a single pyramidal
(tetrahedral) apical cell with three cutting faces, which cut off segments in regular sequence.
Each of the three segments thus formed divides first by a periclinal wall into. an inner and outer
daughter cell. The three inner daughter cells of the segment by repeated longitudinal and
transverse divisions form the inner tissue of the stem. The three outer daughter cells of the
segments give rise to three leaves, the subtending outer part of the stem, and to the lateral
branches as follows: The first division wall in each of the outer daughter cells is approximately
at right-angles to the preceding division walland forms an upper (superior) and lower (inferior)
cell. The upper cell develops into the leaf and the lower cell forms the cortical tissue of the
stem. The lateral bud originates from the cortex below a leaf, and thus the branch is not axillary
in origin (cf. higher plants). A cortical cell increases in size, and projects above the surrounding
cells and forms the mother cell of the lateral branch. In this mother cell a tetrahedral cell is cut
out by three successive intersecting walls. The tetrahedral cell at once begins to function as the
apical cell of the branch, and it forms the different tissues as in the main stem. The upper cell,
which forms the leaf, divides by repeated divisions to form a small shelf of single layer of cells
beside the apex. When the leaf is very young an apical cell with two cutting faces is established
in this tissue, which cuts off segments to right and left alternately. The further growth in the
length of the leaf is by the activity Of the apical cell. The leaf has a well-developed midrib and its
formation begins when the leaf is quite young.

Anatomy
"

The Stem; A cross section of the stern shows a well marked differentiation of tissues into a
central cylinder, cortex and epidermis (Fig. II.8A) The central cylinder consists of long, narrow,
thin walled, colourless cells, which lack protoplasm. The central cylinder is surrounded by
cortical tissue. The cells of the cortex in the young part of the stein contain chloroplasts, but in
the older part of the stem they are lacking. In the mature stem the outer cells of the cortex have
thicker walls, and are reddish brown in colour, while the cells of the inner cortex are thin-walled.
Near the periphery can be seen isolated small leaftraces, composed of thin-walled cells, which
have blind endings in the cortex of the stem, and they do not directly join the central cylinder of
the stem (cf. Polytrichum). The epidermis is usually one cell thick, but it may be double-layered
at some places here .and there.-The epidermal cells usually contain chlorophyll, and the stomata
are conspicuously absent. The chlorophyll-containing, epidermal cells may supplement the
photosynthetic work of the leaves.

The Leaf: The leaf has a well-defined midrib, which is several celled thick, while the 'wing'
on either side is single-layered (Fig. 11.8B). The centre of the midrib is occupied by a small
central strand-of-narrow thin-walled cells which form a simple type of conducting strand. Just
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outside this is a sheath of narrower cells with thicker walls, (these provide mechanical support
to the leaf) while on the surface above and below there is another sheath of green cells ..The
cells of the thin marginal part of the blade (wing) are polygonal and contain numerous large and
prominent chloroplasts. The chloroplasts are peculiar in the sense that they continue to multiply
by division even after the cells are fully mature. These leaves are very good objects for
observing the multiplication of the chloroplasts by median constriction and division. This
division of chloroplasts is better seen in the cells towards the base of the leaf.

CORTEX

CENTRAL S·TRAND

A

B

Fig. 11.8 Funariahygrometrica. A. transverse section of the stem. B, transver/se section of the leaf
/

Polytrichales : Polytrichum
(i) Distribution and Habit

The genus polytrichum has 100 species which are widely distributed all.over the world.
They mainly occur in temperate and trr rcal regions of the world. Polytrichum prefer moist and
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shady places. They can also thrive in dry, rocky or marshy places. In India, four species viz., P.
juniperinum, P. densiforium, P. xanthopilum and P. orpinums are observed. These species occur
in the Himalayas at high altitudes.

(ii) Gametophyte

(a) External Morphology

Polytrichum gametophyte has two stages: 1. Temporary protonema stage, 2. Adult
gametophore stage.

Spores on germination produce algae like form called "Protonema". Proton ema
represents temporary, juvenile stage. Later adult gametophore develops from the protoneina
stage. The adult gametophore is a erect leafy shoot. It is composed of two parts:

1. Under-ground rhizome

2. Erect leafy shoot

Rhizome is a horizontally growing underground portion of the gametophore. Rhizoids
arise from the base of the rhizome. Rhizoids are long, multicellular and branched. The cells are

. with oblique septa. Rhizoids are interwoven to form a wick like structure, which helps in the
absorption of water and nutrients not only through the lumen but also externally by .capillary
condition as in the wick of a lamp. Because of this character, the plant can thrinewell in dry
conditions.

Leaves on rhizome are scale - like either brown or colourless. They develop in three
rows. Leaves on aerial stem are green larger in size, with a distinct mid-rib. Each leaf has two
parts, a sheathing base and the distal limb. The sheath IS broad colourless and membranous.
The limb portion of the leaf is green, linear lanceolate. The unique feature of the leaf of
polytrichum is the presence of leaf-lamellae, which provide additional photosynthetic tissue.
Lamellae run parallel to one another along the mid-rib (Fig. 11.9).
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Fig. 11.9 Polytrichum: A. A leafy gametophore with branched stem and sporogonia;
B. A gametophore with unbranched stem

(adopted from University Botany-I, Dr. S.J.Chary)

(b) Internal Structure

A. Stem: Rhizome and aerial stem differ in their internal anatomy.

Rhizome in cross section is circular. The rhizome can be differentiated into three
regions: 1. Epidermis, 2. Cortex, 3. Central cylinder (Fig. 11.10).

Epidermis is the outer most layer of the rhizome. It is single layered. Some of the cells
of epidermis grow out as rhizoid stomata are absent.
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Cortex lies below the epidermis. It is composed of 3 to 4 layers of thin-walled
parenchymatous cells. Three hypodermal strands are present in the cortex. Hypodermal strands
are sc1erenchymatous. On the inner side of the hypodermal strands a group of cells with
lignified walls are present. These two structures together are known as Radial strands. On the
inner side of the cortex lies endodermis. The layer is not continuous: Its continuity is broken by
three radial strands.

Rhizoid ~
Lsptoids -~

Cortex,

Pericycle

Fig. 11.10 Polytrichum : T.S. of Rhizome showing detailed Internal structure
(adopted from University Botany-I, Dr. S.l.Chary)

In certain species, on the inner side to the endodermis the cells of the central cylinder are
thick walled. This forms the central core of the rhizome. The cells contain starch and they are
called 'Stereids'. The entire structures of stereids is collectively known as 'Stereom' two to
three layered pericycle extends over the central cylinder. Pericycle is absent at the furrows
where group of polygonal cells constitute the' leploids'.

Three teploids together constitute 'leptome'. Leptome serves as the phloem of vascular
plants. Some dead cells are scattered on the central cylinder. These dead cells are called
'hydroids'. The entire hydroids are together known as 'hydrom'. Hydrom helps in the
conduction of water. The leptome and hydrom together constitute the hydrom cylinder. In
between thehydrorn and leptom, starch studded cells are present which are called 'Amyloru'.
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Aerial stem shows the following intemal structure. The cross section of the aerial stem is
often irregular in outline. The stem can be divided into three regions.

The epidermis is the outermost layer of the stem. It is single layered but mostly the
epidermis is not well defined. Cortex is divisible into two regions. An outer thick walled cortex
and inner thin walled cortex. Leaf traces can be seen in the cortex.

In the central cylinder the tissues are arranged in well defined zones. Central portion is
occupied by a compact mass of thick walled cells known as hydrom cylinder. It comprises two
types of elements, stereids and hydroids. Stereids are thick walled cells and constitute the major
portion of the hydros cylinder. r--- ANTHERIDIAL CLUSTER

Interspersed among the stereids I

are groups of 2 or 3 thin walled i
cells called hydroids. The
hydroids are concemed with the
conduction of water.

i-
ISurrounding the hydrom I

cylinder is a 2 or 3 layered thin II

waned cell zone constituting
'hydrom mantle'. Around
hydrom mantle .is a I or 2
layered hydrom sheath or

, 'Amylon' layer. the cells of
Amylon layer contain starch.
External to the Amylon layer is .
Ieptome mantle. There is a
single layer of parenchymatous
cells delimiting the central
cylinder from inner cortex. This
layer is defined as endodermis
(Kawai, Jkeda, 1970). (Fig.
11.11) <B

il ... ----'

Fig. 11.11 A. Female and B. Male plants of Polytrichum commune. C. Poly trichion juniperinum from
tI~eHimalaya. D. Multicellular rope-like rhizoids of Polytrichum showing gemmae (after Schirnper)

(adopted from College Botany.Vol.I, Gangule & Kar)
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B. Internal Structure of Leaf

Internally the leaf shows complexity in structure.

Fig. 11.12 Polytrichum : Transverse section of leaf
(adopted from University Botany-I, Dr. S.J.Chary)

The lower epidermis is well marked. It is composed of one layer of thick walled cells. Above
the lower epidermis are large thin walled cells. Interspersed among the parenchymatous cells
here and there and in certain species above the lower epidermis one or two layers of
sclerenchymatous cells are found.

The upper side of the leaf is complex in structure and designed to conserve water. From
the upper surface arise chains or rows of cells, parallel to one another and with extremely narrow
spaces between them. They are known as lamellae which serve to hold the water.

Each lamella is 4 to 8 cells in length. All the cells of the lamella, except the distal cell,
contain chloroplasts. The distal cell is hyaline and slightly larger than rest of the cells of
lamella. The lamellae also serve as additional photosynthetic tissue.

8. Reproduction
(a) Vegetative structure

In polytrichums vegetations reproduction is absent. Plant reproduces by sexual reproduction only.
(b) Sexual Reproduction

Polytrichum is a dioecious plant. Male and female sex-organs develop on separate plants.
Male Plantsr- Antheridia develop in clusters at the apical portion of the branches of a male'
plant. Antheridia are interspersed with paraphyses and are covered by perigonal leaves. The
perigonal leaves are red or brown in colour and widely different from green vegetative leaves,

: : r : "-
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hence they can easily be distinguished by their colour. The perigonial leaves with a' group of
Antheridia look like a miniature flower.

Structure and development of Antheridium:- Mature Antheridium consists of a small stalk
" and elongated club shaped antheridium. The wall of the antheridium consists of single layer of

.jacket cells. Inside the jacket layer is a mass of androcytes.

The development of Antheridium is similar to that of Funaria. The apical epidermal cell
of the branch of male plant act as the initial cell of the Antheridium. This cell is known as
'Antheridial initial cell'.· It divides transversely to form two cells, the lower cell contributes to
the formation of stalk of the antheridium, while the upper cell develops into antheridium proper.
The upper cell is known as 'Antheridal mother cell'. This antheridial mother cell is divided by

n en
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Fig. 11.13 Polytrichum: A-I. Stages in the development of antheridium; K. Mature antheridium
,. (adopted from University Botany-I, Dr. S.l.Chary)

two oblique intersecting walls to form an apical cell with two cutting faces. The apical cell cuts
of(two sejs.of segments alternatively, right and left until 13 to 15 segments are cut off .. After
this, the. formation of segments ceasses. Periclinal division takes place on each segment-except
on one or two segments at the base. The division is diagonal and asymmetrical, hence two cells

F
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of unequal size are formed. Out of these two unequal cells the smaller cells is called jacket
initial cells. Another oblique division takes place in the larger cell, as a result of which second
jacket initial cell towards the periphery and primary androgonialcell towards the inner side are
fanned. In this way, two jacket initials and one primary androgonial cells are formed in each
segment. Primary audiogonial cells divide to form many Androcyte mother cells. AT the same
time, jacket initial cells divide to form the jacket layer of the antheridium,

Each androcyte mother cell gives rise to two androcytes. Each androcyte develop into a
single biflagellate sperm.

b) Female Plant: Auchegonia develop in clusters at the apices of branches of female plant.
Apical cell is utilised in the development of archegonium, thereby, the growth of the branch is
stopped after the formation of archegonium. The archegonia is covered by perichaetial leaves.
Areliegonia are interspersed with paraphyses.

Structure and Development of Archegonium
The structure of archegonium of polytrichum is similar to that of Funaria. It is a flask

shaped structure consisting of a long neck and vetner. The wall of the venter is double layered.
The venter consists' of a venter canal ell and an 'egg. The neck canal cells are 13 or more. Neck
consists of six vertical row of cells (Fig. 11.14).

Fig. 11.14 Polytrichum :A-G.
··Stages in the development of

archegonium; H. Mature
archegonium.

(adopted from University Botany-I,
Dr. S.J.Chary)

Outereall

i
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The development of archegonium is similar to that of Funaria. The archegonium
develops from a single embryonic cell called. 'Archegonial initial cell'. It divides into t~9
cells, lower primary stalk cell and upper archegonial mother cell. .The primary stalk cefl
undergoes repeated divisions to form a massive stalk of the archegonium. The; archegonial

.,~

." /



1M. Sc: BOTANY :: BRYOPHYT,A
. i

11.26 BRYOPSIDA (M~

mother cell divides by three oblique walls intersecting one another, there by a cetnral axial cell;
surrounded by three peripheral cells are formed. The central axile cell is tetrahedral in shape.
The peripheral initial cells divide in all planes to form the wall- of the venter, which is 2 or 3
layered. . - . . .

The axial cell divides transversely to form inner central cell and an outer cell. The
centralcell divides and gives rise to an egg and venter canal cell. The outer cell functions as an
apical cell. It is five sided with four cutting faces (the fifth one is a free end). It cuts off three. ,

ro,~~ of neck initial cells and one row of neck canal cells. Each neck initial cell divides by
velii,fal division, thereby six vertical row of neck cells are formed. The neck cells in each row
inqr,eases in number by transverse divisions. Thus the neck of the archegonium consists of six
vertical rows of cells. the neck canal cells are 13 or more.

Fertilization: At the time of fertilization the neck eanal cells and venter canal cell of the
archegonium disorganise to form a mucilaginous substance. The cover cells of the archegonium
absorb water and swell. The cover cells split open to facilitate the entry of sperms. -Wateris
essential for 'fertilization. The sperms swim in a film of water to reach the egg of the
archegonium and unite with it to form zygote.

9. Sporophyte
A) Structure of Sporogonium .

Sporogonium consists of foot, seta and capsule. The foot is parenchymatous. It acts as
an anchoring and absorbing organ. The seta is long, slender and carries capsule at its distal end.
The main functions of the seta are support and conduction. Capsule can be divided into three
regions: (1) Apophysis, (2) Theca; (3) Operculum.

The seta opens into the capsule through the apophysis. Apophysis is situated at the base
of the capsule and is demarkated from it by a groove. The outer most layer of the apophysis is
epidermis. It is continuous with the epidermis of the seta below stomata are distributed in
apophysis-region, confined to the groove only. Nexdt to the epidermis is the chlerenchymatous
region. The cells contain chloroplasts.

Capsule is tetrahedral or polygonal in shape. The outer most layer of the capsule is
epidenllls.· Next to the epidermis isthe chlerophyllous region. It is composed of two layers of
cells. The 'cells are parenchymatous with chloroplasts. Stomata are absent in the capsule region.

Inner to the wall of the capsule is the outer air space. It is traversed by short, green
filaments called 'Trabeculae'. The trabeculer connect the theca wall with. outer wall of the
spore-sac. '.Inner to the spore-sac rs the inner air-space, which is also traversed by trabeculae.
These trabeculae connect the inner wall of the spore sac with clumella. Thus the....wre-sac in
surrounded on either side by wall of the spore-sac and air-space. Archesporium originate from
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outer layers of endothecium. All the cells of the sporogenous tissue give rise to spore mother
cells. Spore mother cells undergo reduction division to form haploid spores. Columella occupy
the central part of the capsule.

Operculum is the terminal portion of the capsule, which is a cap-like covering over the
capsule. Annulus is absent. Instead of annulus 2-3 layers. of radially elongated thick walled
cells forming the diaphragm. Peristome is composed of 32 to 64 teeth. . Teeth are not
hygroscopic. They are joined to the inner margin of the epiphragm (Fig. 11.15).

Fig. 11.15 Polytrichum : A. L.S, of Sporogonium; B.Transverse section of the capsule;
C. Paristome; D. Two peristome teeth

(adopted from University Botany-I, Dr. S.J.Chary)
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B. Development of Sporogonium

Zygote analyses and fills the cavity of the venter of the archegonium. It undergoes
transverse division to form two cells; an upper and lower cell. These two cells divide by two
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intersecting walls, so that a wedge shaped apical cell with two cutting faces is formed at each
end of embryo. Further growth of the embryo takes place by the activity ofthese two apical cell.
They cut off segments alternatelv. Of these two apical cells, the upper cell is more active. The
upper apical cell contributes to the formation of capsule and upper part of the seta. The lower
apical cell produces foot and lower part of the seta.

As these changes are taking place, the basal part of the archegonium is being stimulated
by fertilization, and the cells start dividing. The wall of the vetner gives rise to calyptre.
Calyptre completely cover the developing embryo. It remains with capsule until it attains
maturity. After maturity the calyptra is shed off like a cap.

C. Germination of Spore

Spores are small in size, ranging from 0.005 to 0.01 mm in diameter. Spores on
germination produce germ tube. The germ tube grows actively and produce richly branched
filamentous structure called 'Protonema'. Protonema forms dense mat like growth on the
substratum. Some of the branches of protonema are colourless and form rhizoids. Other
branches are green and are called chloronema branhces. Several buds arise on chloronemal
branches. These buds by the activity of activity of apical cells develop into adult gametophyte.

10. Life-Cycle
Polytrichum is an independent plant. It belongs to gametophyte. Polytrichum plant is

dioecious. Antheridia develop on male plants and archegonia on female plants. 'Sperm fuses
with egg to form zygote. Zygote undergoes many divisions to form sporogonium. Sporogonium
belongs to sporophyte. It is a partial parasite on the gametophytes. Spore mother cells undergo
reduction division to form spores which are haploid. Spores on germination produce protonema,
which ultimately develop into adult gametophyte. Thus there is heteromorphic altemation of
generation in polytrichum.
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Fig. 11.16. Polytrichum. Diagrammatic life-cycle
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11. Summary
Polytrichurn gametophyte is differentiated into rhizoids, the underground rhizome the

er.ect stems and leaves. The young leaves at the apex of a stem are arranged in a definite
manner. . The arrangement of leaves is directly correlated with the number of cutting faces of the
apical cell of the stem. In Polytrichum, the apical cell is with three cutting faces and therefore
the young leaves being spirally arranged in three vertical rows. Each leaf possesses a broad
colourless membranous sheath at its base. The leaf become narrow upwards. Numerous rhizoids
are found on the rhizome 'Pf gametophyte. The rhizoids are long thick walled. They possess
oblique septa. .

. The anatomy of rhizome is broadly triangular. The cortex is divided three radial strands.
These strands penetrate into the central cylinder, giving it a three lobed outline.

The Transver section of aerial stem is irregular due to the insertion of the leaves. The
superficial layer or epidermis is inconspicuous. The aerial stem is differentiated into a cortex
and a central conducting tissue.

Usually the plants are dioecious and the antheridia and archegonia are borne in terminal
clusters, at the apex of separate gametophores,

Antheridia arise to the top of the leafy stems within an involucre of leaves. These. are
bright red or orange in colour. Anchegonia arise at the top of the leafy stems within an involucre
of leaves. The apical cell of the leafy shoot itself forms the initial of an archegonium with the
result, the growth of the female branch stops with the formation of a\sporogonium.

The mature sporogonium consists of a foot, seta and a capsule. The foot remains
embedded.in the tissue of an archegonium. It consists of thin-walled parenchymatous cells.

Questions

1. Describe the structureand development of Sporogonium in polytrichum.
2. Give an account ofthe structure and development of archegonium in polytrichum.
3. The.sporophyte polytrichum is more advanced than Hepaticae? Discuss.
4. Write salient features in the life-cycle of polytrichum.
5. Describe the structure and development of gametophyte of polytrichum.
6. Capsule of Funaria .

Reference Books

University Botany-I by Dr. S.J.Chary. .
An Introduction to Bryophyta -.-:.N.S. Parihar
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BRYOPHYTA
LESSON-XII

EVOLUTIONARY TRENDS

OBJECTIVES

1. Introduction
2. Evolution of Sporophyte
3. Origin of the Bryophytes
4. Fossil Bryophytes
5. Comparison of Genus

1. INTRODUCTION

In Bryophyta gametophyte is an independent plant. The plant body is either thallus or it
differentiate into stem and leaves. Roots are absent.'

Evolution of Gametophyte

Two widely divergent theories have been proposed by various scientists regarding the
primitive bryophytic gametophyte and its evolution. The theories are: .

1. Retrogressive evolutionary theory
2. Progressive evolutionary theory

Retrogressive evolutionary theory

This theory has been proposed by Wettstein (1908). Later supported by Church, Evans,
Kashyap, Mehra etc.

According to this theory erect leafy shoot of Jungermaniales is considered to be
primitive. The leafy shoot, due to its creeping habit, give rise to thallose forms. The thallose
forms found in Riccia and Marchantia are considered to be advanced among the bryophytes.
The multicellular scales present on the ventral side of the thallus are considered to be modified
leaves. In some species, scales are green in colour. The greeny nature of the scales support the
above theory of retrogressive evolution.
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Kashyap (1919) identified the following stages in the evolution of the gametophytes in
bryophytes from leafy plant to thallose forms.

, -

1. The loss of air chambers, air-pores assimilatory filaments.

2. The gradual shifting of terminal stalk of special and erect branches bearing sex-organs to the
dorsal surface of thallus.

3. Gradual elimination of the autheridiophores and archegoniophores, with the shifting of the
sex-organs to the dorsal surface.

Harris (1938, 1939) on the basis of research of fossil hepaticopsida, arrived at the
conclusion that certain Primitive Hepaticae members had an erect leafy shoot witli spirally
arranged leaves on the stem.

Recently Mehra (1957) presented evidence to support the view thatthalloe marchantiales
arose from foliase Jungermanniales by the process of compaction, condensation and fusion of
leaves.

Progressive evolutionary theory

This theory has been proposed by Caners (1910), Campbell (1918).

According to this theory, the thallose form of plant body is considered to be primitive.
From this thallose forms the leafy shoot consisting of stem and leaves arose by evolution.

According to this view, the thallus of sphaerocarpusis considered to be primitive. It is
composed of a simple structure having undifferentiated parenchymatous tissue, From this
simple, undifferentiated thallus forms, evolution has taken place in two different directions. -'

In one line, the external simplicity of the thallus is retained but internal tissue
differentiation had taken place as in Riccia and Marchantia.

In the other line, the internal simplicity is retained and external form has undergone
elaboration. There is no internal differentiation of tissues but externally the external form is
metamorphosed into leafy shoot as in jungermanniales. The highest form of body can be found
in Polytrichum, Funaria etc.
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2. EVOLUTION OF SPOROPHYTE

The zygote in Bryophytes is never liberated but remainsattached to parent plant and is
nourished by it. Thus the 'sporophyte in Bryophyte is either total or partial parasite' on
gametophyte. . '- ,

In the course of evolution and transition from water to land, the bryophytes might have
developed the habit of retention of zygote after fertilization to ensure parental care to young and
developing embryo. After fertilization, the zygote undergoes mitotic divisions and forms
sporogomum.

In Bryophytes, the gametophyte stage is dominant and an independent plant.
Gametophyte plant produces sporophyte. Sporophyte is dependent on gametophyte for its
nourishment.

There are two different theories regarding the origin and evolution of sporophyte in
Bryophyta. "

1. Antithetic theory
2. Homologous theory

r

1

J

Antithetic theory

Celkovasky (1874) proposed this theory Later Bower (1908~ 1929,1935), Strausburger
(1894), Cavers (1970), Chamberlain (1935) and Campbell (1940) supported the theory; , ..

"l

The earliest sporophyte, according to this theory consists of a mass of sporogenous
tissue, in which all the 'cells are fertile. Such a hypothetical sporophyte' (not existing in any
living bryophytes) arose by' the mitotic divisions of zygote, within: the venter rof the
archesporium, From-such a simple, hypothetical sporophyte, the more advanced sporophytes of
bryophytes have evolved due to the progressie sterilization f the 'potentially sporogenous tissue. ;

The first step in the evolution of sporophyte is the sterilization of the outer layer of the
sporogenous tissue forming the jacket layer around the sporogenous tissue. Such asporophyte
consists of only a spherical capsule without foot, and seta. This kind of sporophyte is fouhdlh
species of Riccia glauca. The sporophyte of Riccia is considered to be primitive among the
bryophytes (Fig. 12.1A). ',' in' ,\

In Riccia cristallina, 'one of the species of Riccia,' all the sporogenous cells ate not fertile
and give rise to spores, Some of the sporogenous cells fail to divide and form spores.vfliey
serve as nutritive cells and are called nurse cells. Thus R. crystallina represents a further step in
the evolution of the sporophyte. ":, ,i. ~'

: ; -~ , • .. ! i'
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A further step in the evolution of sporophyte is the formation of foot and seta.

In Corsinia coriaundrina, the basal part of the sporophyte is sterilised to form a foot. The
foot in corsini a is absorptive in function. In.sphaero carpous a bulbous foot and, narrow seta are
formed, in addition to the capsule. Seta is short and two celled wide. The sporophyte of
Targonia ;is differentiated intc foot, seta and capsule. In capsulehalf of the sporogenious tissue
form elatersff'ig. l2.1C). ' . :

The sporophyte of Marchantia is differentiated into foot, seta and capsule. The seta not
only acts as a stalk, but also helps in the dispersal of spores. The seta suddenly elongates to push
the, capsule out of its coverings viz., calyptray perianth and perichaetium. Capsule wall is single
layered.lnsi~e the capsule, .spores andelatl~rs are formed (Fig. 12.1D). . , '

In Junger manniales, there is further sterilization of the sporogenous tissue. In Pellia
(Fig. 12.1E), the sporophyte is diffemtiated into foot, seta and capsule. The wall of the capsule
is two to three layered. Inside the capsule, a mass of sterile tissue called elaterophore is present
at the base of the capsule. This is in addition to elaters. Thus there is greater sterilization of the
sporogenous tissue in the sporophyte of pellia.

The sporophyte of Anthoceros assumes greater significance 'not only in the greater
sterilization of the sporogenous tissue but also in the degree of independence. The sporophyte is
differentiated into foot, meristematic region is confined to only few layers in the wall of the
capsule. Even ill the sporogenous tissue, half of the tissue is metamorphosed into pseudo elaters.
The wall of the capsule posses well ventilated photosynthetic tissue, which helps in carbon
assimilation (Fig. 12.1 ).

-,

Tb.~sporophyte of mosses, as in Funaria Polytrichum, represent the final and ultimate
stage; of the evolution of the sporophyte among bryophyte. The sporogonium is complex in
structure. It is differentiated into foot, seta and capsule. The sporogenous region in the capsule
isrelatively srr:all compound tosterile tissue.

Thus the evolution of sporophyte among bryophytes has taken place due to the
progressive sterilization of the potentially sporogenous tissue, 'and thus from siple sporophyte of
Riecia to complex sporophyte of mosses. , '
" .' . '. ". . .... . ; !. I."

'., .' ,,-,

Homologus theory

" Pringsheim (1876, 18]8) proposed the homologus theory. Later Church (1919),
Zif11~erman (1932), Goe~e1.(1930), Evans (1939), Fuitch (1945) supported the theory.

'According to this theory, sporophyte is not a new generation, but it is a direct
• f'J'.I,·

modification of the gametophyte.

, ,. ,
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The advocates of this theory point out that the algal ancestors reproduced by two
methods by production of gametes and spores. In the course of evolution, the production of
gametes and spores separates. One of them produced the ganetes, ami was called gametophyte,
the other produced spores. and is called sporophyte. These two individual changes occur
regularly one after the other in the .life-cycle of the bryophytes .. Both the individuals are
isomorphic, free living complex in structure. Later sporophyte became attached to the
gametophyte and depended on it for its nutrition, there by the sporophyte Iost its complexity
because of its parasitic nature. \

According to this theory, the sporophytes of musci are primitive and the sporophyte of
Riccia is advanced. The simplicity in the structure of Riccia sporophyte is due to the
retrogressive evolution, resulting on the reduction in complexity.

r

Fig. 12.1 EvolutionofSporophyte: A.' Riccia sp; BcSphaerocarpos sp;
C. Targionia hypophylla; D. Marchantia polymorpha; E. Pellia epiphylla

"i
"i '~.
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3. ORIGIN OF THE BRYOPHYTES

With little help from the fossil records, one has to rely on speculative theories based on
comparative morphology, etc., on the origin ofthe Bryophytes .. Comparative study of the plant
groups show that the Bryophytes have forms more complex than the Algae, but they are less
developed than the Pteridophytes although there is a tendency of differentiation of the
gametophytic body which is not found in the Pteridophytes. The bryophytes are quite soft and
delicate and therefore, they lack fossil records. There are no known fossil bryophytes more
primitive than the forms of to-day. However, they are two schools of thought about their origin.
According to one school of thought they are evolved from the green thallophyte the algae and
according to the other school they have been descended from the pteridophytes. Majority of the
workers support their origin from the algal ancestors.

Origin from algae

This view of the origin of bryophytes has been supported by most of the bryologists.
Though there is no fossil connection between algae and bryophytes yet there are so many points
in support of this view. Such as the necessity of water for the act of fertilization, their
amphibian nature and the presence of ciliated antherozoids. These points support the view that
they have been originated from aquatic ancestors Lignier in 1903, pointed out that the algae gave
rise to a connecting link known as prohepatics and thereafter bryophytes originated from this
connecting link on one hand and the Pteridophytes on the other. Bower (1908) also supported
this view and said that the Archegoniatae have been evolved from the aquatic ancestors, i.e., the
algae. The bryophytes resemble in many respects the green algae i.e., chlorophyceae and Fritsch
(1916, 1945) has advocated that the chaetophorales gave rise to the bryophytes.

There seems no apparent relation between the antheridium and the archegonium of the
bryophytes and the antheridium and the Oogonium of the algae. In none of the algae, the egg is
surrounded by any cellular jacket as it is always enclosed within a protective layer (jacket layer)
in the case ofbryophytes. .

According to many workers, the sex organs of thebryophytes have been evolved from
those of the algae as follows. According to this view, the antheridium and archegonium of .
bryophytes originated from gametangia of the type similar to that of Ectocarpus. In Ectocarpus
(Phaeophyceae) the gametangium consists of a number of cells, each of which gives'rise to a
gamete. As soon as the migration from the water to land took place, there arose the necessity for
the protection of the gametes from desiccation. With the result; the outer layer of the cells of the
gametangium became sterile and functioned as a protective layer. This way, the antheridium has
been derived from the algal gametangium. For the derivation of the archegonium from such
structure, it has been suggested that after the formation of the protective wall, further
sterilization took place and in the centre an axial row of cells developed. According to this view,
the neck canal cells were originally female gametes, which later on lost their walls and
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cytoplasm. The ventral canal cell is the sister cell of the oosphere and very rarely it may be'
fertilized. However, Ectocarpus is not a member of chlorophyceae, but it is presumed that
bryophytes have been originated from green algae. According to Smith (1938), the reproductive
cells of Schizomeris and antheridia of chaetonema are quite alike to that of the gametangia of
Ectocarpus. According to Church (1919), the bryophytes have been originafed from the marine
ancestors and not from the fresh water ancestors. This theory could not get general support
because of the lack of evidences from palaeobotany and geology. According to majority of
workers the bryophyes have been originated from chlorophyceae which are commonly found in
fresh waters and rarely in sea waters.

Origin from Pteridophytes

According to other school of thought, the bryophytes have been originated from
Pteridophytes by means of reduction. Though this view could not get general support yet
several workers postulated the evidences in support of this view. According to Land (1917),
Kidston and Lang (1917), Scott (1923), Halle (1936), Haskell (1949) and Christensen (1954) the
bryophytes have been decended by the process of reduction from the pteridophytes Kashyap
(1919) also supported the view, because of common resemblances of the .two groups.
Similarities between sporangia of some members of Psilophytales (Rhynia, Horneophyton and
Sporogonites) with capsules of Anthocerotales, Sphagnum and Andreaea led to conclude this
hapothesis.The Psilophytales are the oldest Pteridophytes in which the sporophytes were
rootless, leafless and dichotomously branched with terminal sporangia. Such sporophytes .
resemble the bryophytes, especially the members of Anthocerotales and are thought to have
evolved by progressive reduction. Proskaeur (1960) thinks that if bryophytes are polyphyletio in'
origin, at least Anthocerotales originated from Psilophytales like Horneophyton. According to
Kashyap (1919), "bryophytes represent a degenerate evolutionary line of pteridophytes or in

. 'I· . -

more correct term, the;bryophytes are descendents of Pteridophytes.

Origin of Sporophyte

It is an established fact now that an alternation of independent gametophytic and
sporophytic generations has been evolved in several independent lines among aquatic algae. It is .
also thought that a migration from an aquatic to a land habit is not essential for the appearance of

• ,'I,.

an alternation of generations. The, algae have both isomorphic and heteromorphic alternation of
generations.

Different v'iews have been proposed concermng the ongm of the sporophytes of
bryophyte. There are two main theories:

(1) Modification (homologous) theory.rand
(2) Intercalation (antithetic) theory ,
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According to modification or homologous theory the sporophyte is a direct ruodification of the
gametophyte. The supporters of this theory advocate that the sporophyte is todje interpreted as a

..neutral generation and its primary function is the production of spores'. The facts which support

. this theory are the presence of isomorphic alternation in some algae, photosynthesis in
sporophytes of bryophytes presence of tracheids in gametophytes of pteridophytes, apogamy and
apospory. Supporters of the modification theory (Church, 1919; Fritsch, 1945; Zimmermann,
1932) are of the opinion that the two generations. were .somorphic, indeperldentand of a
complex external structure. They think that in time the sporophyte became permanently attached
and partially dependent upon the sporophyte and resulted in a reduction in the complex structure
of the sporophyte.

According to intercalation or antithetic theory the sporophyte has been interpreted as a
earlier new structure intercalated between two successive garnetophytic generations.

Evolution and Affinities of the Bryophytes

The problem of the origin of the Bryophytes i.e., their evolution out of other groups has
not yet been solved satisfactorily mainly due to the lack of fossil evidences. Possibly because of
the delicate nature of Bryophytic plant bodies which are devoid of lignified or cutinised tissue,
the earlier Bryophytes are not known in the fossil stage. The few fossil Bryophytes that are
known are discussed below:

4. FOSSIL BRYOPHYTES

Hepaticopsida

Fossils of the Hepaticopsida were previously not known before the carboniferous while
the lower vascular plants (the Pteridophytes) were known from a much earlier age. This fact,
naturally gave rise to speculations. Recently however, Hueber (1961) has discovered
Hepaticites devonicus from Devonian rocks in New Yark State. This is a thollose
Jungermanniale resembling Pallanicinia and definitely belongs to the Metzgerianeae. Upper
carboniferous rocks show the presence of the genus Hepaticites side by side with the-moss genus
Muscites. Five species of Hepaticites (foliose and thallose Jungermanniales) are described by
Walton (1925, 1928) from this age.. viz., H. willsi, H. langi, H. lobatus, H. kidstoni and H
metzgerioides. These are known only.in the vegetative stage. Of these, H. kidstoni is-a foliose
Jungermanniale with a central axis and' four rows of leaves of which two rows are larger arid two
smaller, The other species resemble the anacrogynous Jungermariniale genera. Tereubia,
Anema (Riccardia) and Metzeria. Some Hepaticites are also known from the pemian. .

During Mesozoic, more hepatics are known. Five more species of Hepaticites are known
duringTrassic and Jurassic and these also seem allied to the anacrogynous Jungermanniales.
Theserocks also show the first definite presence of the Marchantiales in:"Rfl-aiopsis florinii, ,R.
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Scanica an~'vfar'i:1zantiolites porosus. Of these R. florinii resembles Riccia while
Marchantiolitefi-jiJxm£§.'__~bered thallus with air pores.

. ----- ~ ,The best 'lrnmY!! Bryophyte fossil, however is Naiadetia lanceolata from the upper
Triassic ofEng~as been described in detail by Harris (1938). This is the only hepatic
whose reproductive parts (gemmae and arcaegonia) and sporophyte are known. This 'seems to
be allied to the Riellaceae of ~_Sp~ocarpales but has an upright axis with spirally arranged
leafy appendages reminding the calobryales. .

/

!~
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Fig. 12.2~iii[atetia lanceolata (after Harris). A. Gametophyte plant. B. Gemma cup.
_ C. A~gemma. D. An archegonium. E. Plant with mature sporophyte .
~dopted from College Botany, by Gangule & Kar)

The plants are I fo 3 ern high and there are unicellular rhizoids from the base of the stem. The
stem tissue is parenchymatous and is not differentiated. The leaves are linear at the base of the
stem, lanceolate in the middle and somewhat rounded on the top. They are one cell thick and
without mii rib. There are multicellular gemmae in terminal gemmae cups. The archegonia are
lateral \at ex a-axillary positions. They are naked at first but then become surrounded by a
perianth. The porophyte shows a spherical capsule and a minute foot but no seta. Columella or
elaters are abse 1. The capsule opened irregularly.
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81. Ricciu Marchantla Pe/lia Riccardia Porella
No.

1 Systematic position Division-Bryophyta; Class- Division-Bryophyta, Class- Division-Bryophyta; Claa- Division-Bryophyta; Class- Division-Bryophyta; class
Hepaticopsida; Order- Hepaticopsida, Order- Hepaticopsida; Order- Hepaticopsida; Order- Anthocerotopsida
Marchantiales; Family- Marchantiales, Family- Metzgeriales; Family- Metzgeriales; Family- (Anthocerotae); Order-
Ricciaceae, Genus-R iccia Marchantiaceae, Genus- Pelliaceae; Genus-Pel/ia Riccardiaceae; Genus- Anthocerotales; Family-

Marchantia. Riccardia Anthocerotaceae; Genus-
Anthoceros.

2 Total number of 130 65 14 280 180
species

3 Number 0 f species 18 11 1 10 34
found in India

4 Distribution and Through out the world. Through out the world. Usually Distributed in North Through out the world. Moist Both in tropical and
habitat Usually terrestrial on damp in moist places. temperate zone of the world. rocks near streams, wet soi I temperature regions. Shaded

soil. Moist places, moist rocks and and low land marshes. rocks, stones or bark of trees.
sometimes under water.

5 External features of The thallus is prostrate, flat, Thallus is prostrate, flat, The thallus is thin prostrate, The thallus is either prostrate The plant body possesses a
gametophyte dorsiventral and possessing dorsi ventral with a distinct flat, dorsiventral and branched, without a distinct leafy axis which is dorsi ventral ,
(thallus) plant body a distinct midr.o, midrib, dichotomous possessing a distinct midrib; midrib, or upright shoot arises prostrate and branched; the

dichotomous branching branching, rhizoids of two dichotomous branching; the from a prostrate rhizome like branching is rnonopodial and
rhizoids, smooth walled and kinds, smooth-walled and rhizoids are unicellular, only portion; thalli slightly terminal; rhizoids are
tuberculate (i.e., of two tuberculate (i.e., of two kinds), smooth-walled and branched or regu larly unicellular, only smooth-
types), unicellular, scales unicellular, scales arranged in unbranched; the scales are branched twice or thrice walled and unbranhced; the
arranged in single row, two to four rows on each side absent. pinnate; the rhizoids, scales are absent; the leaves
apparently two rows one of the midrib, ligulate and unicellular, only smooth- are arranged in 3 rows, 2 rows
near each lateral margin. appendiculate (i.e. of two walled, unbranched; scales of dorsal, lobed, larger leaves

kinds). absent. and a ventral row of small
under leaves (amphigastria);
allleaves are single-layered .

6 Internal structure of ' Pores, rudimentary, simple Pores, compound, barrel Photosynthetic cells of the All cells of the thallus contain Cortical cells small, thick
thallus ' intercellular spaces bounded shaped, composed of 4 to 8 wings and upper layer of the chlorophyll at sometime; all walled; no distinct central

by 4 to 8 epidermal cells, superimposed tier of cells, each midrib; all cells of thallus act cells of the thallus act as cylinder-the inner (medullary)
narrow vertical canals or tier consists of 4=5 cells, there as storage tissue; either a storage tissue. Wedge-shaped cells are large and thin walled.

, large air chambers present; is single horizontal layer of air cuneate apical cell with four apical cell with two cutting Single tetrahedral apical cell
the photosynthetic tissue chambers separated by cutting faces or a lenticular faces. with three cutting faces.
consists of vertical columns partitions, the photosynthetic cylindric cell.
of chlorophyll-containing tissue consists of single or
cells, or one-celled thick branched filaments of
lamellae separating the air chlorophyllous cells arising
chambers; the ventral region from the floor of air chambers,
of thallus makes the storage the storage tissue is made up of
tissue which is composed of the ventral region of the thallus .
compact, colourless which is composed of compact,
parenchyma, colourless parenchyma. ..

,
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51. Riccia Marchantia Pellia Riccardia Porella
No:

7 Apical growth The apical growth takes The apical growth takes place Monoecious and dioecious; Monoecious and dioecious; dioccious only; antheridia are
place by transverse row of by transverse row of 3-5 apical antheridia areon dorsal dorsal surface of antheridial in the axis of bracts of an
3-5 apical cells each with cells each with two cutting surface of thallus, immersed brancli sunk in antheridial antheridial branch, stalk is
two cutting faces which cut faces which cut of segments in antheridial cavities, stalk is ch~bers, stalk is short, 23 long, 2 celled broad, body
of segments from dorsal and from dorsal and ventral faces, short, few celled, 'body jacket cells in length, body jacket of jacket of antheridium is single-
ventral faces. of antheridium single-layered, ant~ridillm is single-layered, layered in the upperpart.but 2

antherozoids biciliate, anttierozoids biciliate; to 3-layered in the lower part,
archegonia at the anterior end archegonia on the dorsal antherozoids biciliate;
of the thallus on the dorsal surface of an archegonial archegonia at the tip of the
surface. Protection of branch, protection of archegonial branch, protection
archegonia by involucre, stalk archegonia by the tissue 0 f of archegonial branch,
is short, neck is made up of 5 the archegonial branch, stalk protection of archegonia by
vertical rows of cells, venter is short, neck is made up of 5 perichaetial bracts, stalk is
is two layered thick, cover vertical rows of cells, venter short, neck is made up of 5
cells are four, neck canal cells is two to three layered thick, vertical rows of cells venter is
are usually 6 to 8. cover cells are four, neck two layered thick, cover cells

canal cells are usually 3-6. are four, neck canal cells are
usually 6 to 8.

8 Sex organs Monoecious (e.g, R. Marchantia is dioecious as the
crystallina. R. glauca, R. antheridiophores and
bi/lardieri, R. gangetica or archegoniophores are borne or .8 __ ----
dioecious (e.g., R. discolor, different thalli.

, Rfrostii, R. curtisii etc.)
. 9 Antheridia The antheridia are situated The antheridia are borne in

on dorsal surface of thallus groups on the upper surface of
and remain immersed in the disc of antheridiophore and
antheridial chambers; the remain immersed in antheridial ---- ---- ----
stalk of antheridium is 'Short chambers; the antheridial stalk,

. and few celled, jacket of short and few celled;
antheridium is antheridjfl jacket, single

, singlelayered; antherozoids layered;' antherozoids biciliate. :
biciliate.

0

10 Archegonia The archegonia are found to The archegonia are situated on
be situated on 'dorsal surface the disc of stalked
of thallus; the archegonia archegoniophore; he
are protected by archegonial archegonia are protected by ---- ---- ----

chambers; the stalk of perichaetium, rays and disc of
archegonium is 'short, the the archegoniophore;
neck of archegonium archegonial stalk short; the I

consists of six vertical rows . neck consists of six vertical
of cells, the venter is single- rows of cells; the venter is
layered 'in thickness, four single-layered thick; there are 4 .. ,

cover cells at the tip of neck, cover cells at the tip of neck;
usually' four neck canal generally 4-6 neck canal cells
cells. are present.

...• .'\'
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SI. Riccia Marchantia i Pellia Riccardia Porella
No.

,

II Sporophyte The jacket of sporophyte is -The amphithecium gives rise to Amphitheciom gives rise to Amphitheejom"give$ rise to Ampbithecium gives rise to
developed byampliithecillm; the jacket of capsule; the jacket of capsule; jacket of capsule; jacket of capsule; endothecium

. the endotheciunr gives rise endothecium gives rise to .endothecium gives rise to endothecium gives rise to _ rgives-rise to archesporium,
to archesporium; archesporium; the archesporium; archesporium archesporium; archesporium archespeeium gives rise to

, 'archesporium gives rise to archesporium gives rise to gives rise to sporocytes,. gives rise to sporocytes, sporoeytes -amrl-.elliters;foot is
sporocytes and abortive sporocytes and elaters; the foot elaters and elaterophores; foot e1aters and elaterophore; foot slightly bulbous, seta is long
nurse cells;t he foot is is bulbous or broad-spreading; is conical; seta is long, I club-shaped; seta is long, and elongates rapidly after the
altogether absent; the seta is the long seta elongates rapidly elongates rapidly after the elongates rapidly after the .spores are mature; capsule is
also absent; the shape of after the maturity of spores the spores are mature; capsule is spores are mature; capsule is globose; capsule wall is two-or
sporophyte is globose; the capsuleis nearly spherical globose; capsule wall is two ovoid; capsule wall is two- more-layered, persistent;

. wall of sporophyte is single- structure at the distal end of the or more-layered, persistent; layered, persistent; daters are elaters are long, narrow with 2
layered and abortive; the sporogonium; the wall of e1aters are long, narrow with long, pointed with one spiral to 3 spiral thickened bands;
elaters are absent; the spores capsule is single-layered and 2 to 3 spiral thickened bands, thickened band, elaterophores columella is absent wall splits
are liberated by the decay of persistent. long narrow, elaterophores basal; apical; columella is absent; longitudinally into four valves,
thallus tissue; the spindle-shaped e1aters with two columella is absent; wall wall splits longitudinally into e1aters help in spore dispersal.
sporophytic phase is spiral thickenings; the wall of splits longitudinally into four four valves, elaters and
completely dependent capsule, splits longitudinally valves, elaters help in spore elaterophore help in spore
(parasi tic) on the into .anumber of lobes and the dispersal. dispersal.
.gairietophyte plant. elaters become helpful in spore

disperse!; sporophyte is
.( . dependent on gametophyte .

12 Young gametophyte The spore is surrounded by The spore is surrounded by 2 Spore with two wall layers; Spore with two wall layers; Spore with three-wall layers;
3 wal] layers; the size of wall layers the size or spore· spore is 0.068-0.076 mm in spore size is 0.012 to 0.025 spore size is 0.03 to 0.05 mrn;

-.,-,
I

spore varies from 0.05 to varies from 0.012 to 0.03 mrn; length, 0.035-0.042 111111 in mm; formation ofa 3 to 4 at the time of spore
\-e~12 mm; on the on germination of spore, a cell breadth. While spore ce lied structure on germination, it undergoes
germination of the spore, a filament isformed directly; germination, the cell division germination of spore, in precocious divisions before the
germ tube is formed; there is thereafter a many celled tissue starts while the spore is still which a 2 sided apical cell is capsule opens, formation of an
differentiation of an apical is developed, in which the inside the capsule, for.nation differentiated which begins to ovoid cell mass (protonema)
cell in a cell plate at the end apical cell is differentiated. of an ovoid cell mass, in function immediately. within the exospore, an outer

, of germ tube. which the apical cell develops cell of the protonema becomes
, either at one e~dor in the an apical cell.

middle. ; .
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Table 12.2. COMPARISON OF ANTHOCEROS. NOTOTHYLAS. SPHAGNUM. FUNARIA. POLYTRICHUM

SI. Anthoceros Notohy/as Sphagnum Funaria Po/ytrichum
No. ,

i I Systematic position Division-Bryophyta; calss ' Division-Bryophyta; class Division-Bryophyta; Class- Division-Bryophyta; Calss- Division-Bryophyta; Class-
I Anthocerotopsida Anthocerotopsida Bryopsida (Musci); Order- Bryopside (Musci); Order- Bryopsida (Musci); Order-

(Anthocerotae); Order- (Anthocerotae); order- Sphagnales; Family- Funariales; Family- Polytrichales; Family-

\ Anthocerotales: Family- Anthocerotales; Family- Sphagnaceae. Genus- Funariaceae. Genus-Funaria. Polytrichaceae, Genus-
Anthocerotaceae; Genus- Notothylaceae; Genus- Sphagnum. Polytrichum.

\ - '. Anthoceros Notothylas.
~ Total number of 2S species are found in India Only 3 species are found in 17 species found in India 15 species found in India 3 species found in India

species India
3 Number of species Cosmopolitan in disttibution Its distribution is confined to Cosmopolitan in distribution Cosmopolitan in distribution Cosmopolitan in distribution

found in India tropical and temperate regions
4 Distribution and --- --- Lives in bogs, moist heaths, Lives on rocks, walls or in Lives on sandy ground, dry

habitat moorlands, wet dripping moist soil. stony places, marshy moors,
rocks. damp soils.

5 External features of Moist shaded places. Damp.shady places. Thallus Gametophore with an upright Gametophorewith an upright Gametophore with an upright
gametophyte Thallus thin.dorsivcntral thin, prostrate delicate without radial stem with leaves; radial stem with leaves, radial stem with leaves, and
(thallus) plant body with a broad indistinct midrib: branching is same as in branches are lateral, usually branches lateral, below the an underground portion;

midrib; tendency towards Anthoceros; rhizoids smooth in tufts of 3 or 8 in the axils leaf; rhizoids multicellular with branches lateral; rihzoids
dichotomous branching; walled. absent in mature of every fourth leaf; rhizoids oblique septa, usually branched multicellular with oblique
rhizoids-unicellular, only gametophore; scales are absent. multicellular with oblique rhizoids; scales absent; leaves septaform wick like starands;
smooth walled; unbranched septa, absent in mature spirally arranged, with a scales absent; green leaves on
scales are absent. gametophore; scales absent; divergence of 3/8, a distinct the aerial portion spirally

I leaves spirally arranged with midrib present, more than one- arranged with a divergence of
a divergence of 2/5, leaves layered thick, wings single- 3/8, colourless scale-like
without midrib, single-layered layered. leaves on the lower part of

I
composed to two types of axis with a divergence of 1/3,,
cells. leaf with broad midrib and~i'>- ,

rudimentary wing; lamellae"..'"
-. '" present.

6 Internal structure of All cells photosynthetic; As in Anthoceros; single apical Stem epidermis not Stem epidermis one or two- Stem epidermis single-
thallus apical growth is either by (I cell is there. differentiated; cortex is one to layered, without stomata; many layered both in rhizome and

single apical cell or a group many-layered, colourless in layers usually thick walled; aerial portion, without
of apical cells. some species with spiral central cylinder consisting of stomata, cortex in rhizome,

thickenings and pores; no long, narrow thin walled many-layered, partly,
distinct central conducting colourless cells without parenchymatous and partly
strand; single-tetrahedral protoplasm; as in Sphagnum. sc1erenchymatous, cortex in
apical cell with three cutting aerial stem-prosenchymatous
faces. (outer cortex) and

parenchymatous (inner
cortex); central cylinder
differentiated into "hydrorn"
and "lepton"; as in
Sphagnum,

.-
- ..

7 Apical growth --- --- --- --- ---

'.
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SI. Anthoceros Notohyias ' SplJagnum Funaria Polytrichum
No,
s Sex organs Monoecious and dioecious; Monoecious and diecious; Monoecious and dioecious; Monoecious and dioecious; Dioecious; antheridia at the

antheridia-endogenous, antheridia-as in Anthoceros antheridia in the axils of antheridia at the apex of an apex of the gametophore,
inside closed antheridial stalk is short, body-jacket is leaves of an antheridial antheridial branch, stalk long, stalk short, body jacket single
cavities on the dorsal single layered, antherozoids branch stalk long, body-jacket body jacket single layered; layered; antherozoids
surface of thallus, stalk is biciliate; archegonia as in single-layered; antherozoids antherozoids biciliate; biciliate; archegonia, at the
long, either slender or Anthoceros. neck is made up of' 'biciliate; archegonia, at the tip archegonia, at the tip of the tip of the gametophore, long
massive, body jacket is 6 vertical rows of cells, venter of the archegonial branch, archegonial branch, long stalk, stalk, neck made up of 6
single la1ered, antherozoid is single-layered thick cover long stalk, neck made up of 6 neck made up of 6 vertical vertical rows of cells, venter
is bici liate, archegonia- cells are 4 neck canal cells are vertical rows of cells venter 2 rows of cells venter 2-layered 2-layered thick, cover cell as

I embedded in the dorsal usually 3 to 5, to 3-layered thick, cover cells thick, single cover cell which in Funaria, neck canal cells
/
I surface of the thallus, neck g or more, neck canal cells acts as an apical cell with 4 usually-B to 10,
r is made up of 6 vertical usually 8 to 9, cutting faces, neck canal cells '

rows of cells, venter is usually 8 to 10,
single layered thick, cover
cells are 2 to 4, neck canal
cells are usually 4,

9 Antheridia --- --- --- --- ---
1O Archegonia --- --- --- --- ---
II Sporophyte Arnphithecium gives rise to Amphithecium gives rise to Amphithecium gives rise to Amphithecium gives rise to the Amphitheciurn gives rise to

jacket of capsule and either to jacket of the capsule jacket of capsule and jacket of capsule; endothecium the jacket of capsule;
archesporium; endothecium and archesporium; archesporium; endothecium gives rise to columella and endothecium gives rise to
gives rise to columella; endothecium gives rise to gives rise to columella; archesporium; archesporium columella and archesporium;

- archesporium gives rise to either columella or archesporium gives rise to gives rise to sporocytes; small, archesporium gives rise to
sporocytes and pseudoe- archesporium; archesporium sporocytes; bulbous foot; seta conical foot; seta long and sporocytes: small conical

Teters, foot here is bulbous; gives rise to sporocytes and absent; globose capsule; elongates gradually; pyriform foot; seta, long elongates
seta is absent; capsule is elaters; foot, here, is triangular; capsule four to six layered, (pear-shaped) capsule; capsule gradually; angular capsule;
long and cylindrical and its seta is absent; capsule is persistent; elaters absent; wall more than four-layered, capsule wall several layers of
wall is four to six layered cylindrical and its wall is four- columella present, arched persistent; elaters absent; cells thick, persistent; e1aters

and "'"''''"';'l"d'l- j layered and persistent; e1aters over by spore sac; dehiscence , columella present, penetrates absent; columella present,
e1aters without ,tl iCki"l .gs; unicellular, with short curved takes Ptce f ,theseparat;iqn ,I the spore sac; dehiscence takes penetrates the spore sac;
columella ,presel t, a cH,b,d thickened bands;lcf.lu~ella is ; .of oper ulu ;/p<"rrstome place by separation of dehiscence takes place by
over by spore' ~ c; I " present or ab~enteh iscence ' absent , ipercflum; peristorne present separation of operculuin;
dehiscence of spores occur along one suture r along ~oth peristome and epiphragrn
when capsule wall splits into

' '/ . 1 1s7s or by 2 t 4 valves, ! present
\ ! I to 4 valves, which remain !

/ united at the tip, pseudo-
! .......•.•.......

" e1aters help in spore
<,

-12
dispersal,

~ oung gametophyte Two spore wall layers; size Two spore wall layers; size of Spore with two wall-layers; Spore with two-wall layers; Spore with two wall layers;
of spore is 0,025 to 0,05 spore is approximately 0,036 spore size approximately 0,02 spore size approximately 0,012 spore size approximately
mm; germinal tube forms at mm; a short germinal tube is mm; spore germination by to 0,015 mm; spore 0,005 to 0,01 mm; spore

., the time of spore formed at the time of spore formation ofa thalloid germination by formation of a germination by formation of a
germination, germination, protonema, branched filamentous branched filamentous

protonerna. protonema.



Questions

1. Evolution ofSporophytes in Bryophyta
2. Origin of Bryophytes
3. Fossil Bryophytes

Ref. Books:

1. An Introduction to Bryophyta. Vol.- I N.S. Parihar. Central Book Depot. Allahabad.
2. College Botany Vol-I B.P. Panday.
3. University Botany Dr. S.J.Chary New Age International (P)ltd. Publeshers .
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PTERIDOPHYTA

LESSON-XIII

INTRODUCTION, LIFE CYCLE AND CLASSIFICATION

Objectives
1. Introduction
2. The Life Cycle
3. Classification of Pteridophytes
4. Fossils

1. Introduction

Among the diverse forms of plant life, on one end are the unicellular algae, confined to
moist habitats and on the other end are the higher plants capable of growing on relatively dry
hind. Plant life is assumed to have originated in water and, in the process of evolution from a
free living independent cell, the fu~damental unit of structure and function, evolved a
multicellular Qrganism with a division of labour among its tissues. Probably, the next advance
was the elaboration of sex with its remarkable manifestation, the alternation of generations. The
cyclic alternation between sexual and asexual generations made possible the invasion of land,
and migration to land was accompanied by a corresponding complexity of internal organization.
The complexity of internal organization was partly an adaptation to a change of habitat from
water to hind; and is amply._ilhistrated by bryophytes-the amphibians of the plant kingdom.
Bryophytes with a simple internal organization have a limited capacity for survival on dry land.

The land plants have complex internal organization and pteridophytes occupy an
intermediate position between bryophytes and higher land plants (gymnosperins and
angiosperms): The pteridophytes resemble bryophytes, in having similar events and
requirements of life cycle. The sexual generation-gametophyte-of bryophyta and pteridophyta is
dependent on water for fertilization. However, the asexual generation-sporophyte-of
pteridophyta is increasingly able to cope with aerial environment. Pteridophytes resemble
higher plants in having a complex internal organization, circular elements, but differ from them
in lacking the seed habit. Some pteridophytes do approach seed habit and pteridophytes of the
past had seed-like structures.

The presence of vascular .elements in pteridophytes makes their grouping with
gymnosperms and angiosperms as Trachaeophyta, and their reproduction by spores and similar
events of life cycle place them among lower plants. Bryophytes, pteridophytes and
gymnosperms are classified as Archegoniatae; due to the presence of a common seproductive
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, organ, the archegonium., The lower plants, algae, fungi, bryophytes _and pteridophytes were
earlier grouped together as cryptogams, since their mode of reproduction was unknown (Gr.

". ,
Kruptos=hidden, and Gamos=wedded) and seed plants were classified as phanerogams ("open/'-~ /'

wedded"). However, now with the knowledge of quality in most lower plants the-term
cryptogam ~hould be of historical importance. '

The Life Cycle

Conceptually the life cycle of an organism is the organism itself. But occasionally the
organism represents one of the developmental phases only. For instance, a fern plant has a
typical foliage and growth habit and in this form it represents only one of its developmental
phases (sporophyte). Since an organism is the biological unit of evolution, its life cycle
should embrace all stages of its development.

The typical life cycle of a pteridophyte consists of regular alternation. of a
gametophytic (sexual) and a sporophytic (asexual) generation. In bryophyta, the
gametophytic phase is dominant in life cycle, and the sporophyte is dependent on the
gametophyte. By contrast, in gymnosperms.and angiosperms the gametophytic generation is
reduced and is dependent on th~,spmopI1yte. Pteridophytes. with an intermediate position, are
characterized' by free-living gametophytic and sporophytic generations. Nevertheless, the
sporophyte is the dominant generation; it soon becomes independent of the gametophyte and
attains a much' greater size. Accompanied with this increase in size is the attainment of
external and internal complexity. The sporophyte is organized into root, stem, ~nd leaves, and
internally it shows the differentiation of vascular elements. All these elaborations confer on
the sporophyte the potentialities to exist under a wide range of environmental conditions.
However, in many of the pteridophytes -thesepotelltlalities cannot be realized and the
sporophyte is i~paired by the inability of the gametop~yte to grow under variable
environmental conditions.

The majority of the pteridophytes produce only one kind of spores, i.e. are homosporous;
their gametophytes.areexosporic thin plate of cells.and have to be confined to humid conditions.
Some pteridophytes, however, produce two' k{nds-o..f spores; the larger megaspores and small
microspores, forming two kinds of gametophytes+Fhegarnetophytes these heterosporous forms
ini,t.w.rewithin ,the s,pore co,.ats i.e. \~re endospori~',@a=-i!+-so~e ~he fema~e gametophytesduring
thei~veloPTentc'afid~retamed ~n ~he parent sporop~~e for vanable peno.ds. The development
of agametophyte ~m the resistant spore wall and Its subsequent retention on the sporophyte
ar~ better starting points for the gametpphytic generation.' Endosporic gametophyte en~ures

--Jem~ryonic develo~~ent more~~/ ~x~s~ori'C:=,~(lmetoPhyte, which)s vulnerab~::-to
, elWi~~tf11!.efltal-c()p.dltIOnsand has to be~~fficientm-Its;Jood sppply.-" ._

<. , ~ ~ - _-.- - __ I _-.-----. -

"".~. ,0' tfi,e.'hIecycles of t~~ncl1ie1er¢sporous Pter-idophytes are represented
diagrammatically, in Figs; - ~o-ii!Ttf 'r~. Th~ -;ed~<?J)hy!e',which represew~, th~diploid
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generation produces the haploid nonmotile spores by meiosis. The spores germinate to give rik
to haploid gametophytes 'which are monecious in the homosporous forms and dioecious in
heterosporous forms. The male gametes (antherozoids) produced by male reproductive organs
(antheridia) are flagellated and able to swim in water. The female gametes (eggs) are non-motile
and enclosed in female reproductive organs, the archegonia. The fusion between two gametes,
the egg and the antherozoid, results in the formation of a zygote which is diploid. The zygote
develops mitotically into the sporophyte .

. During normal life cycle there is an alternation between these two morphological forms
of diploid and haploid generations. The gametophyte gives rise to· sporophyte by gametic union
and sporophyte gives risc to gametophyte by forming haploid spores after meiosis. However, in
an alternate way the gametophyte can directly give rise to sporophyte without syngamy i.e.
vegetatively. This phenomenon is knowr.. as apogamy. Similarly, the sporophyte can give rise to
gametophyte without the formation of spores. This phenomenon is known as apos 1pory. In these
alternate pathways there is an alternation of morophologies but not of the different chromosome
numbers.

if\
Y90i82n

......... .'

'j; «",~r .:.::.:.::.:::-::....
iI.' -5'(J~~Eg9.Sp.'m' '. .: ~r' ...•........•........ \

Gam6t';p~y~~. :.:.,.Apcigamy ,. sporop"n
v6f18tativeJ, '.'.' . r : <.'. , ~ Vegeter1ve .... . '.' .. '. Apospory ,

. RflproductlOn t;t\8c; .... :. ". . . . . "Reproduction. ::':.>:.:-:.;.::.:' :'.:-.. i;'~~\,,' .
.... . '':1</ 0", '..:.., :.. i'

Spores n

Fig. '1.1. Life cycle of homosporous pteridophytes.

Fig. 13.2 Life cycle of heterosporous pteridophytes
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3. Classification of Pteridophytes

Since a long time vascular plants are customarily- divided into pteridophyta and
I ...~.' 'M •

spermatophyta. This classification was based on the assumption that the former lack the seeds
while the latter produced them. But the discovery of pteridosperms (seed bearing ferns) broke
down this artificial classification. Sinnott (1935) introduced the term Trachaeophyta to include
all vascular plants. Tracheophyta are further divided into four main groups viz.; Psilopsida,
Lycopsida, Sphenopsida and Pteropsida. But it is not certain whether these are divisions or
classes. Haupt (1953) considers them as classes in the division Tracheophyta. While
Zimmermann (1930), Arnold (1947), Wardlaw (1952) etc., regard them as division. Reimers
(1954) considers pteridophyta as a division and divides it into five classes via Psilophytopsida,
Lycopsida, Psilopsida Articulatae and Filices.

Smith (1955), Bold (1957) and others divide vascular cryptogams into five divisions. (1)
Psilophyta, (2) Lycophyta, 3) Sphenophyta. Noeggerathiophyta and Pterophyta. Some people
hae changed the name Lycophyta to Lepidophyta (Smith, 1955), Sph~nophyte to Anthroph¥ta,
or calamophyta (Smith, 1955) and Pterophyta to Filicophyta (Parihar, 1965). '

Pteridophytes:

1. Psilophytopsida .
Psilophytales, egoRhynia, Asteroxylon

2. Psilotopsida
Psilotales: egopsilotum.

3. Lycopsdia

(a) Protolapidodendrales
(b) Lycopodiales - Lycopodium.Phylloglossum
(c) Lepidodendrales - Lepidodendron Lepidocarpon
(d) Selaginellales - Selaginella
(e) Isoetales - Isoetes

." ,

4. Sphenopsida:

(a) Hyeniales
(b) Sphenophyllales
(c) Calamitales
(d) Equisetales

'-I.

- Sphenophyllum
- Calamites, Calamosteckys
- Equisetum

;.

r.'1

5. Pteropsida
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(A) Eusporangiate.
(a) Ophioglossales
(6) Matailales. ,

- Ophioglossum
; -; Angiop~eris

"".

(B) Osmundidae ~.
Osmundales . ' , , -Dsmunda

(C) Leptosporangiata:' ,
Fi1icales " - Adiantum
Marsileales ' '.: - M~(~ile~';:
Salviiliales : Salvinia, Azolla

4. Fossils

" . The '~vents in the geological history point' out to the act that a sequenced succession of
plantsoccurred on this planet. During this process, diverse types of plant groups appeared and
unceremoniously variish~d. Some of them attained predominant position among the past flora,
thereafter met an extinction while new plant groups emerged.

The story of the succession of plants in the geological history forms an exciting study of
botany called palaeobotany. To be precise, within the purview of palaeobotany 'comes the study
of the flora of the past. Such a study is made by the observations of the plant remains called
fossils.

What are fossils?

It is difficult to precisely define the word fossil. The word fossil is derived from the:
Latin verb 'fodere' meaning to dig. Hence basically a fossil means anything that is excavated
from the earth. In the present usage, however fossil is restricted to organic remains obtained
from earth and excludes inorganic objects or,objects' fashioned by humans.

In a popular sense of a fossil may be defined as imprints of nature in the womb of earth.
A fossil includes the remains of a whole organism or some part of the organism or the direct
evidence of the prior existence of some organism in the sediments of earth. In addition to this,
anything resulting from or indicating the prior existence of organisms such 'as the imprints,
tracks, trails, borings coprolites arid in some cases even chemical precipitates may be regarded as
fossils. Chemical fossils include things such as sulphur and iron deposits indicating the former
bacterial activity and lime stones representing the deposition of calcium carbonate by algae.

. ."

»>
The process of Fossilisation

..
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Plant fossils are usually' preserved in rocks composed of sediments deposited in water.
Sedimentary rocks are formed at the base of oceans by the eroding activity of the rivers. Rivers
flowing down the mountains in the form of torrential stream bring down with them huge rocks
and boulders which break into smaller and smalle~ pieces as they approach the foot of the
mountains. In the plains.therivers flow slowly and leisurely with the heavier. Pieces of stone
settling down. The finer and light particles remain suspended in water in the form of sand
grains. The rivulets that flow into the river carry with them large quantities of fine sand and
earth. All these are ultimately carried to the lake of sea to which the river falls. At the bottom of
the ocean, the sand and the earth brought by the river and deposited in the form of a layer.
Similar layers are being deposited continually at the bottom of seas and lakes. These layers are
laid down one above the other. During the course of ages the lower layers the weight of the
upper ones and the upper layers under pressure of the water above get compressed and gradually
harden into stony rocks. Since the rocks are made up of a number of strata or layers, these are
usually referred to as sedimentary rocks.

As the streams and rivers flow into the seas depositing layer upon layer of sediment of
mud and silt, they also carry with them the bodies of animals and plants that happen to fall into
them for various reasons. These bodies are deposited at the bottom of the sea. To these will be
added the bodies of marine plants and animals. All these are covered by layers of sediment
which prevent their disintegration and oxidative decomposition. as layers of sediment harden
into layers of rocks, the remains of animal and plant bodies become embedded and presumed
between them.

It is very seldom that a plant body is preserved intact. Generally dismemberment of the
plant is inevitable. Leaves, fruits, seeds etc., get detached from the plant. Softer tissues arevery _
rarely preserved. The chief factors that govern the fossilisation of a plant are mainly: I
(1) the nature of the tissues, and
(2) the conditions to which the tissues are subjected proceedings and during fossilization.

, Plants that contain a hard tissues such as fibers, sclerenchyma, xylem etc., are well
preserved than flowers or leaves.

Soon after material is entombed in the accumulating sediments, if there are no
destructive agents (such as high oxygen content), the process of fossilisation begins. The ideal
condition for fossilisation of a plant material is an enclosed body of water such as a lake or a
swamp in which only fine grained sediments accumulate with sufficient speed to bring about a
quick burrial. A low oxygen content with high concentration of toxic substances prevents decay;
When these ideal conditions prevail a perfect fossilisation occurs.
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Types of Fossils '

After understanding the__process of fossilisation, it is but necessary tb understand the
various types of fossils. In general, the following categories fossils are recognised.

Compressions

Of all the types of fossils these are the most common ones found in the rocks. As the
very name suggests the plant gets flattened due to the pressure of the sediments. As a result, a
thin carbonaceous film is retained outlining the surface features of the plant parts. Generally
little or no internal structure is retained. Rarely, however, the cell pattern of cutinizedepidermis
is retained. Sediments of various types are involved as matrices for compressing the plant parts.
These are shale, sandstone, volcanic ash, diatomaceous earth etc. Compressions help us to
understa~? the external features of plants of the' past.! They provide reliable clues in establishing
the affinities. - - -_

Impressions

. The impressions is best defined as the negative of a compression. The rock strate that
enclose the plant parts become hardened and whrn split open they show the negative i~print of
the plant part,

Where is no organic; matter in an impressive therefore cellular details are entirely
wanting. But the outlines of plant parts are very well preserved. Of all the plant parts, leaves -,
give a very good impression.

Molds, Incrustations and Casts

After the plant part is entombed in the sediment if there is no compression the
surrounding sedimentary material hardens to form a three dimensional structure called the mold
Incrustations may be~ as external molds of a plant usually in some incompressible
materials like sandstone, iro~stone or tufa.

After the formation of mold, sometimes the plant part may decay. This space later is
filled by crystalline substances such as iron pyrites, sphalarites, chalerite opal: agate etc. Such
hardened structures are called Casts. Casts exhibit the same external configurations as the
original plant fragment, No organic material is seen in a cast. Hence there is no question of
cellular details.
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Petrifactions

Of all the types of fossils, petrifactions are the best, but rearest. In these fossils external
form, internal structure and sometimes the substances of original plants are presumed. Cellular
details are presumed dueto infilteration of some minerals into the plant tissues.

Fig. 13.3 Types of Fossils
A. Compression (Cone of Lepidodendron),

B. Impression (Leaf of Neuropteris), C. Cast (Stump of Stigmaria),
D~ectionof a Goalball showing transverse section of a petrified stem (Sphenophyllum)

E:-Sectibns of stems within coal balls, 'F. Compression (spike of Zosterophyllum)
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During petrifaction, the entombed plant is impregnated with about twenty minerals such f
as carbonates, sulphates, silicates, phosphates, iron pyrites etc. Solidification of plant tissues
take place ultimately. Petrifactions are of great importance because they can be cut into sections
for anatomical studies.

Paper coal

A paper coal or leaf coal consists of thin dead leaves dispersed in an organic matrix.
Sometimes decomposed stems and their cuticles have also been retained. The matrix consists of
carboniferous limestone. The best p;;lpercoal has been found as Tovarkovo, in Toula in Russia.

Questions:

L
2.
3.
4.
5.
6.

Reference Books

Write essay on Fossil pteridophytes
Classification of Pteridophyte
Heterosporous type of life cycle
Compression I

Impression

1. An Introduction to pteridophyta A. Rashid.
2. Introduction to Pteridophyte. S. Sundara Rajan, 1994. New Age International Publishers

Limited, Wiley Eastern Limited.
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PSILOPSIDA
/ OBJECTIVES

I. Order: Psilophytales :

1. GeneralCharacters
2. Classification
3. Sporoplyte
4. Anatomy
5. Reproductive Structures (the sporangia)
6. Reproduction

II. Order: Psilotales

1. Characteristic features
2. Distribution and habitat
3. The Sporophyte

"\ 4. Reproduction
"5. Gametophyte
6. Reproduction
7. Fertilization
8. Embryogeny
9. Summary

Order: Psilophytales

1. General characters

There are about 25 known genera in this order. All genera are fossil. The fossil record
indicates that the Psilophytales became extinct during the Upper Devonian. They however, lived

. from the Middle Silurian to the Upper Devonian. The fossil remains of the psilophytales have
been found in widely scattered regions, such as Canada, Scotland, France, United States. of
America, Australia etc.'

The characteristic features of the order are as follows:
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The plant body of the sporophyte was rootless, dichotomously branched and was
differentiated into a prostrate subterranean and an erect aerial portion. The aerial portion was
leafless or with small simple leaves.

In majority of the genera, the sporangia were borne at the tips of the branches. However,
a few genera had the sporangia in clusters, as the tips of their branches.

The stele was simple and protostelic type.

2. Classification

The order Psilophytales has been divided into nine families. Some of the families consist
of very imperfectly known genera. The important families are:

(1) Rhynniaceae
(2)' Psilophytaceae
(3) Pseudoporochnaceae
(4) Zosterophyllaceae
(5) Asteroxylaceae etc.

,.

Here the genera Rhynia of Rhyniaceae has been described.

Sporophyte of Rhynia

Till now only two species of Rhynia named as Rhynia major and R. gwynne -Vaughan
have been described by Kidston and Lang (1917, 1921) from the Old Red Sandstone Beds of
Middle Devonian. As the genus has been derived from the place Rhynie situated in Scotland
and therefore, it is named after the name of the place of its origin and known as Rhynia. A
number of specimens of these two species have been found at Rhynie. The specimens are so
well preserved that they give detailed information about the form and structure of this very
primitive vascular plant. .

Kidston and Lang (1921), thought and supported by evidences that in those times the
plants grew in swa~py marshes near the volcanoes. '

Both the species of Rhynia i.e., R. major and R. gwyn!le - Vaughani were herbaceous,
plants. Comparatively the Rhynia major was larger in size. The plant body of both the/species .
consisted of dichotomously branched horizontal, rhizome and the erect, aerial dichotomously ,
branched stem. The aerial stem of R. major were about 50 ems height and 1.5 mm to 6 mrn in
diameter. Whereas, the corresponding structures ofR. gwynne - Vaughani were 40::.emsin height
and I to 3 mm in diameter. The aerial branches were leafless shoots. The plants were rootless.
Instead of the roots the unicellular rhizclds were present in patches on 'the underside of the
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rhizome. The aerial branches were naked, leafless, cylindrical, dichotomously forked and
tapering at their species.

The terminal, elongated sporangia were found on the tapering vegetative species.

The stem of R. gwynne - Vaughan bore Adventitious branches at the base of aerial shoots
and rhizome. It is thought that these branches got detached readily from the parent plant and
helped in vegetative propagation (Fig. 14.1).
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Fig. 14.1 Rhynia.
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A, reconstruction Iof R. major. B, reconstruction of R. gwynne-vaughani
(After Kidston and Lang)

4. Anatomy

The internal structure of the aerial stem and rhizome was quite similar to each other.
This was differentiated into epidermis cortex and stele. The details of the structures were as
folIows:I
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I. Epidermis: The epidermis was one cell in thickness with well-defined thick outer wall and
conspicuous cuticle on the outer side. The cells of the epidermis were broadly fusiform from the
surface view. The aerial stem bore the stomata on the epidermis here and there with pairs of
guard cells. However, the rhizome did not possess any stomata. The rhizome possessed
unicellular rhizoids on its surface.

II. Cortex: The cortex consists of two zones:

(a) the outer cortex (hypodermis) and the
(b) inner cortex

'(a) Outer cortex or hypodermis:- Immediately beneath the epidermis there was a zone one to
four cells in thickness consisted of angular parenchymatous cells having no intercellular
spaces known as hypodermis. This zone was also known as the outer cortex.

(b) Inner cortex: Inner to the hypodermis there was broad zone of inner cortex. In comparison
of the central stele, the cortex was ten fold. The inner cortex consists of rounded cells
separated from each other by large inter cellular spaces which communicate to the stomata
through the gaps in hypodermis, It is also believed that this zone of the inner cortex acted as
the chief photo synthetic tissue.

The endoderm and peri cyclic layers were altogether absent.

III. Stele: There was a protostelic type (haplostele) of stele. The central xylem core was
completely surrounded by phloem layer four or five cells in thickness. The xylem consists of
tracheids only. In majority of the specimens the xylem had imperfectly preserved. According to
Kidston and Lang (1917), the trach eids had annular thickenings at their walls. Kidston and Lang
(1920) have reported that in some of the specimens the Tracheids were isodiametric. Whereas in
some other specimens the central tracheids were smaller in diameter and the peripheral ones
larger in diameter (Fig. 14.2). The phloem consists of elongated thin walled cells with oblique
end walls.

iL'"<:>~~:H--INNER
CORTEX

XYLEM

Fig. 14.2 Rhynia gwynne-vaughani. T.S. of an aerial branch
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5. Reproductive Structures (the. sporangia)

The elongated or oval sporangia were terminally developed at the apices of the branches
of the aerial shoot. It is not clear whether the sporangia were borne on all the apices .of the
branches or on certain branches of the plant. Each apex bore a single sporangium.· ,

As regards the shape the sporangia
were cylindrical and they possessed the
greater diameter than those tips' <of the
branches on which they were found. The
jacket layer of the sporangium consists of
several cells in thickness. The outer most
cells of this layer were thick-walled and
cutinized at the outer face. The middle layer
or the sporangial wall possessed thin walled
cells and inner-most layer consisted of thin
walled rounded cells which probably act as
tapetal layer. The sporangium had no
columella within it. The cavity contained
many spores of the same size. The
sporangia were indehiscent and it is thought
that the spore' were released only on the
decay and disintegration of the thick
sporangial wall. The spores are spherical
and cuticaltarized. They are found arranged
in spore tetrads (Fig. 14.3).

Fig. 14.3 Rhynia gwyne-vaughani. A, longitudinal section of sporangium; B,L.S. of
sporangium of Homea (Homeophyton lignieri); C, spore tetrad of Rhynia.

Genus: Horneophyton

Habit: Homeophyton formerly known as Hornea was similar to Rhynia, but was- a smaller
more slender plant with somewhat more freely branched stems, which were without appendages
of any sort. The rhizomes were shorter and jointed, with thick tuberous segments.

Anatomy

Rhizome: The stele of the rhizome was apparently without vascular tissue consisting. wholly of
parenchymatous cells.
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Stems: The stele of the stem was similar to that of Rhynia. The steles of the aerial stems passed
into the fleshy mass, expanded bell-like and faded but.
6. Reproduction

Sporangia: The small sporangia were terminal on the stem tips and sessile, being continuous
with the aerial stem. They had no uniform shape, being merely fertile stem tips. In many cases,
the sporangia were forked dichotomously like the stem. The wall of sporangium was thick and
without evidence of a means of dehiscences. The spores lay in a dome-shaped cavity around and
above a central columella which seems to represent a continuation of the phloem of stele (Fig.
14.4).

SPORAN.~ltjM

SPORANGIUM. "

AERIAL
SH.OOT

VRHIZOME

ARHIZOIOS

Fig. 14.4 Horneophyton. A, external structure; B, L.S. of sporangium

Order : Psilotales
1. Characteristic features

The psilotales have a rootless, leafless dichotomously branched sporophyte that is
generally differentiated into rhizome and an aerial shoot. The function of water absorption is

.served by large rhizoids borne on the rhizome. The aerial shoots may be leafless or it may bear
stale like or small leaf like appendages. The sporangia are borne in diads or trids and directly
upon the stem or at the base of leaves. The radially organized cylindrical gametophytes are
subterranean arid without chlorophyll, The antheridia remain partially embedded in the

\ prothallus and project above the general surface of the prothallus.

Classification: The class Psilotopsida has a single order, the Psilotales. The order includes a
single family, the Psilotacea. The family comprises of two genera - Psi/otum and Tmesipteris.
Genus psilotum has been described here in detail.
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Psilotum

The genus has two well defined but polymorphic species. Psilotum nudum and P. flaccidum
(syn. P. camplanatum).

2. Distribution and habitat

This genus is frequently found the tropical and sub-tropical regions of both' eastern and
western hemispheres. Psilotum nudum is the common species of the two P. flaccidum is a rare
species and is found in the tropical islands.

Both the species are usually epiphytic in habit and grow upon tree ferns. These species
may also be terrestrial and grow in humus or in the crevices of the rocks.

3. The Sporophyte

i) External features: The plant is slender and shrubby, rarely as much as a metre in height. It
possesses green, ridged and dichotomously branched stems. The stems are perennial and
somewhat xerophytic in structure.

The stems merge below the surface into slender dichotomous rhizomes which branch
freely and may be one metre or more long. There are no roots. The rhizome generally contains a
mycorrhizal fungus. Any dichotomy of rhizome may develop into a green aerial shoot. The
rhizomes remain covered with hair-like absorbing structures or rhizoids.

The green aerial shoots of epiphytic plants are commonly pendant and those of terrestrial
plants are usually erect. The aerial shoot regularly has several dichotomous branchings, The
basal portion of the shoot is cylindrical. The aerial green portion of Psilotum nudum is radially
symmetrical and longitudinally' ribbed. In P. flaccidum the aerial shoot is markedly flattened
(Fig. 14.5). The aerial shoots bear small, scale-like leaves which remain more or less irregular in
distribution. These leaves are without veins. These minute leaves are not found on the rhizomes
and the extreme base of the aerial shoot.
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fig. 14.5 Psi/alum nudum. A, the sporophye showing rhizome and aerial shoot; B, a closed
synangium; C, an opened synangium liberating spores; D, transverse section of synangium with
bracts arid axis.

H~Anatomy of aerial stem

.j

In Transverse section the aerial stem shows the well-marked epidermis, one cell in
thickness .. This layer consists of elongated cells possessing greatly thickened external walls.
The storrtataare found in the grooves of the surface.
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The cortex consists of three zones. The outer most zone consists of cells which are thin-
walled, vertically elongated and having well-defined inter cellular spaces among them. This
zone is an assimilatory tissue and contains abundant chloroplasts. This zone is composed of two
to five cells in breadth.

Inside the photosynthetic zone there is a broad zone consisting of four to five layers of
sclerenchymatous cells. This band of sclerotic cells represents the main mechanical tissue of the
plant.

Inside the sclerenchymatous zone there lies a zone of thin walled parenchymatous cells
without intercellular species. (Fig. 14.6).

outer cortex
).,,>-<::{;~-'(chlore"chvmaiol's)

mid.- cortex...
(sclerenchvmal\!U~L

-Fig. 14.6 A, T.S. of aerial stem; B, T.S. of stele of aerial stem near apex
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The well marked endoderrnis surrounds the stele. These lies a core (Pith) of
sclerenchymatous cells in the centre of the stele. This central sclerenchymatous core (Pith)
remains surrounded by a narrow band of xylem elements. The xylem cylinder that surrounds the
sclerotic pith is stellate or star shaped when seen in transverse section. The xylem is exarch and
the protoxylem lies out the tip of each ray. The metaxylem tracheids are composed of
scalariforrn xylary elements while the narrow protoxylem elements show spiral thickenings. IIi
between the endoderrnis .and the xylem there lies amass of thin walled cells that represent the
phloem. The phloem is of very indefinite character. The cells of the phloem are tubulous but
they do not possess the structure of sieve tubes. The pericycle is :ill-defined. This is a
siphonostelic type of structure, though the pith is sclerenchymatous and not parenchymatous as
found in ferns (Fig. 14.7).r----------------------------------------------~

STOMA.

..- .. - _---." ---......... -----_ ,_ ----- - .... .-.- ~." _ _ .•.....

Fig. 14.7 Psi/alum nudum. Transverse section of aerial stem with actinostele.

In the upper part of the stem the central group of sclerenchyma is not formed and there
are not xylem rays so that the structure here is typically prosto stelic. \
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The leaves receive no vascular tissue. They possess a very simple structure it remains
surrounded by a typical cuticularized epidermis. The stomata are not present. Inside the
epidermis there lies the parenchymatous tissue whichp'ossesses well developed '(e.g. in P.
nudum) or little developed (eg. in P. flaccidum) intercellular-spaces.

"

IV. AiIatomyofrhizome

The epidermis is in
conspicuous. All the cells
of the' outermost cortical
layer extend into two
celled absorptive rhizoids.

The major portion
of the cortex is thin-walled
and mycorrhizal.
However, outside the
endodennis there are three
or four layers of thick,
brown-walled cells.

." >t

cuticle

epidermis

The stele is of
protostelic type. It has no
pith and the xylem mass is
usually circular in outline
and donot bear any
protoxylern r~ys. There 'is
very little phloem and the
endodermis is conspicuous
(Fig. J4.8). xylem

. Fig. 14.8 Psi/alum nudum. A, portion ofa transverse section ofa rhizome showing mycorrhizal
fungus; B, L.S. of leaf.

Apical growth: It takes place by the activity of an apicalcelJ both in. :,' ,.';'bf: of rhizome and
aerial shoot.

4. Reproduction

The sporophyte reproduces by vegetative propagation as well as by spore production.
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I. Vegetative propagation

The sporophyte increase its number by the production of gemmae' or broad bodies.
These are formed on the rhizome and are usually restricted to the tips of the axils between the
branches.

Each gemmae is an oval body, one cell In thiickness having an apical cell with two
cutting faces. The cells are rich in reserve food especially starch. The gemmae detach from the
plant body germinate and give rise to a new plant of Psi/alum.

II. Spore Production

The sporephytereproduces asexually by the formation of spores. Spores are eoduced in
special trilobed structures called synangia which are generally restricted to the upper portions of
the aerial shoots where they are borne in the axils of minute bifid scales.

Rouffa (1971) has reported that appendages are absent in the shoots of psilotum plants
growing in Japan. Here synangia are borne at the tips of branches.

Development of the Synangium

Our knowledge of the development of synangium is mainly due to the work of Bower
(1935). The development is apparently of the eusporangiate type, even though each
sporogenous mass appears to originate from a single cell. According to Bower (1935), the
synangium arises as an out growth on the adaxial face of the appendage. According to Bierhorst
(1934) however, the synangium arises earlier than the appendage. In many cases, the first
division of the synangial initial produces an outer jacket initial and an inner archesporial cell
(Fig. 14.9) .• The jacket initial undergoes a number of anticlinal and peric1inal divisions to
produce the multilayered wall of the synangium,

Meanwhile, the archesporial cell divides in all the planes to form a large number of
sporogenous cells (Fig. 14.10). There is no well defined tapetum. In the sporogenous tissue
sorrie cells here and there distinguish' themselves by their dense granular cytoplasm from the
remainder. These are the spore mother cells. Rest of the sporogenous cells gradually degenerate.

The spore mother cells undergo reduction division to produce tetrads of haploid spores.

'J' ,
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Fig. 14.9 Psi/alum, Stages in the Development of Sporangium

PSIWTOPSlDA (Psilophyta)

A

Wall layer

Sporogenous cells

Fig.14.10 Psi/alum
A. T.S. of Young Synangium, B. Sectional View (a portion) ofSynangium with Spore Tetrads

Structure of the Mature Synangium

The wall of the trilobed synangium is made up of 4-5 layers of cells. The outer most
layer of the wall is prismatic. Within the synangium there are three chambers of spore cavities
containing spores. All the spores are of the saIne type.
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Dehiscence of the Synangium

When the spore mother cells are undergoing reduction division some of the ~all cells
thicken except in a small vertical row marking the future line of dehiscence. The synangium
splits open along this line liberating the spores (Fig. 14.11).

Structure of the Spore: Spores vary in shape from bilateral to tetrahedral type. Their average
size is 0.065 x 0.032 mm.

-~~~----4SporeSac

L~----,---_~ ~I .
Fig. 14.11 Psi/alum, T.S.ofMature synangium with Spores

5. Gametophyte
"" I. Germination of the Spore and Development of Gametophyte

The spores were germinated and the development of the gametophyte was studied for the
first time in 1947 by Darved-Smith. Germination starts after four months on placing the spores
on a suitable substratum. The first sign of germination is the splitting of the outer spore wall and
the projection of a small tubular outgrowth. Later a cross wall cuts off the outgrowth from the '.
remainder of the spore. In this way, two cells are formed. Of the two cells, the upper by further·
divisions e~blishe·s. on apical cell which produces a mass of tissue. Early in the development,
the gametophyte gets infected by the fungus.

II. Structure of the Mature Gametophyte
»>

__. .... '~'l ' , '. t .

Th~~metophyte is partly or totally ·subterr~ean. It is-usually cylindrical in shape with
dichotomous-branches. The branching however need not be always dichotomous. In size, the
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gametophyte ranges from 0.5 to 2 mm. The colour of the gametophyte is usually dark brown.
This is due to the presence of endophytic fungus.

The gametophyte is wholly parenchymatous with strongly cutinised cell walls. The outer'
most layer of the cells gives rise to a number of rhizoids. In the hypodermal region-the cells
have the endophytic fungus. According to Beirhorst (1953) the fungus is probably
Cladochytrium tmesepleidis. The cells are a chlorophyllous and the nutrition of thegametophyte
is saprophytic (Fig. 14.12).

Fig. 14.12 Psilotum, Gametophytic ofP. nudum

Internal Structure of the Gametophyte

A transverse section of the mature gametophyte shows that it is wholly parenchymatous.
Some of the superficial cells give rise to rhizoids. The outer walls, radial walls and even the
inner comer of the walls of the peripheral cells are highly cutinised mycorrhizal association is
found in some of the cells. The central region of the gametophyte also consists of parenchyma
with no trace of any vasculations.

In some of the abnormal garnetophytes of P. nudum found in the volcanic island of
Ranjitoto near New Zealand, Holloways (1939) described certain unusual features: These
gametophytes were much bigger than the normal ones and had a diameter of 1 mm. The
interesting feature in these garnetophytes was the presence of a, central vascular strand. The
vascular strand consisted of a few annular and scalariform or scalariform reticulate tracheids.
The tracheids were surrounded by phloem. There was even a cleary recognizable endodermis. In
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these Prothalli there was a cortex of parenchyma cells between the vasoutar' strand and the
superficial layer.

The occurrence of vasculations in these gametophytes is something unusual and
Holloway (1939) gave the following interpretations to account for their presence.

1) Abnormal nuclear conditions - possibly diploid conditions.

2) Some special physiological conditions of the gametophyte.

3) The remnants of an archaic feature. Regending the first point, Manton (19420 observed that
the vascularized gametophytes from Rangitoto were diploid instead of being haploid. The
spotophytes were tetraploid. Bierhorst (1953) has done cytological work on the
gametophytes and sporophytes of P. nudum and according to him the chromosome number
(n) of the gametophyte ranges from 100 to 105. P. nudum plants growing in Ceylon have a
chromosome number of n = 52-54. The existence of polyploidy seemed to be a sufficient
evidence to account for the presence of vasculature. However as Parihar (1965) observes
diploid gametophytes have been noticed in many instances, e.g. in Osmenela regalis, but
there is no trace of abnormality in them.

The presence of vasculature and certain similarities in the general plan of the sporophyte
and gametophyte give evedance to the view that the sporophyte and gametophyte are basically
similar and that the former is nothing but the modification of the latter.

Regarding the observation that the presence of vasculature is an archaic 4ature, Pichi-
Sermolli (1958) observes a vestige of archaic feature in a plant like Psilotum which possesses
many primitive characters is logical and need not surprise us.

6: Reproduction
-,

The gametophyte reproduces by two methods.
(1) Vegetative propagation, and
(2) Sexual reproduction.

I. Vegetative Propagation
Holloway (1939) and Bierhorst (1953) have described the production of gemmae on the

surface of the gametophyte. The gemmae arise as proliferations from a rhizoid like structure and
I

are similar to those produced on the rhizome. A mature gemmae has 8-12 cells. Usually
spheroidal or occasionally flattened and on germination gives rise to a new gametophyte.

Holloway (1939) has also described the formation of special vegetative buds on the
gametcphyte. These function like gemmae but arise directly from the surface cells of the
gametophyte.

17
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II. Sexual Reproduction

This is brought by the formation of antheridia (male) and archegonia (female). The
gametophytes are monoecious.

a) Development and Structure of the Antheridium

The antheridium develops from a superficial cell called and antheridial initial. This
undergoes a periclinal division to form two superposed cells (Fig. 14.13a). Of the two cells, the
outer cell is called the jacket initial and the inner cell is called the primary androgenial cell. The
primary androgonial cell divides in all the planes to form a large number of cells (Fig. 14.13d).
Meanwhile, the jacket initial divides anticlinally to form a jacket layer, one cell in thickness.

The androgonial cells divide further to form the androcytes. These androcytes
metamorphosis themselves into spirally coiled multiciliate antherozoids,'

When the antheridium is reaching maturity it bulges out from the surface of the
gametophyte.

A mature antheridium is somewhat spherical in shape and projects out of the
gametophyte as a hemispherical protruberance. The jacket is made up of about 12 cells and has

r a special cell called the opercular cell which degenerates at maturity allowing for the liberation
of the antherozoids. Approximatley about 250 antherozoids are found inside the antheridium.

b) Development and Structure of the Archegonium

The archegonia are also produced from the superficial cells of the gametophyte, A
superficial cell which is destined to form an archegonium is called an archegonial initial. This
undergoes a periclinal division to forrn an outer primary cover cell and an inner central cell. The
primary cover cell divides twice vertically whether second division is at right angles to the first
one to form four quadrately arranged cells called the neck initials. A long sectional view at this
stage however, reveals _two neck initial and a central cell (Fig. 14.l3f) The central cell
subsequently extends in between the neck initials so as to form an elongated structure. The neck
initials divide several times transversely to form an archegonial neck 4-7 cells in height. '. . I

"

,I,.:.
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Fig, 14.13 Psilotum : Development ofSex Organs in the Gametophyte of P. nudum; .
.A.,E. Antheridium, F-J Archegonium, K-I. Archegonium and embryo respectively

. :"As the archegonial neck'is elongating the central cell keeps pace with it by extending into
.ie neck. After sometime, the central cell divides transversely to form an upper primary neck

.anal anda lower primary venter cell (Fig. 14.13g). The primary canal cell divides once to form
. •.• .. " . I

two neck canal cells, whereas the primary venter cell divides once transversely to form .an upper.
shortlined venter canal cell and a lower egg cell with a prominent nucleus.

Sex organs in the Gametophytes of P. nudum. As the archegonium is creaching maturity,
the neck canal cells degenerate. In some cases, they degenerate as soon as they are formed. In a
mature archegonium, some of the terminal tiers of the neck sloughoff (Fig/28J) leaving only the
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basal one or two tiers. At this stage, except for egg all, other cells in the archegonium
disintegrate.

7. Fertilization

The antherozoids corne out of the antheridium through the passage formed by
disintegration of the opercular cells. They swim in a thin film of moisture; approach the
archegonium, enter into it and :fertilize the egg.

8. Embryogeny

Soon after fertilization, the zygote enlarges in the cavity of the venter. First division of
the zygote is transverse and it results in forming an upper epibasal cell (cell nearer to the
archegonial neck) and a lower hypobaal cell (cell away from the archegonial neck) (Fig.
14.13K). The hypobasal cell gives rise to the foot and the epibasal cell gives rise to shoot. This
type of embryogeny, where the shoot apex is pointed towards the archegonial neck is called
exoscopic. There is no formation of root or cotyledons. The hypobasal cell divides in all the
planes to form a bulbous foot which gives rise to haustorial outgrowths into the gametophyte.

Zygote
m •• 1

A
ApicalC~"

''1

I C01
Fig. 14.14 Psilotum : Stages in early Embryogeny of P. nudum
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9.Tmesipteris

Tmesipteris is restricted in distribution. Two species recognised are T. tannensis and T
viellardii. The former is a pendulous epiphyte occurring in Australia, New Zealand, Tasmania
and Polynesian islands and the latter is a terrestrial form. Occasionally also an epiphyte,
confined to New Caledonia.

Morphology

The plants are 5-25 em long, rarely branched. The branching is dichotomous.
Underground stem anchors the plant and is a rootless structure with rhizoids, The rhizome of
epiphytic form (T. tannensis) is held in organic debris on tree trunks. The aerial stern near the
base bears scale-like leaves which are psilotoid (Fig. 14.15K) and in the upper regions are large
(upto 2 em), broadly lanceolate leaves with mucronate tips (Fig. 14.15J). The leaves are
bilaterally symmetrical with a single vascular bundle that extends up to the tip but does not enter
it. The bases of leaves are strongly decurrent and distinction between leaf and stem becomes
difficult near the apex where an appendage terminate the axis.

Reproduction

Normally, in the distal region are fertile bifid appendages (Fig. 14.16L) bearing
sporangia and the whole structure is considered a lax cone, as in between fertile appendages may
be borne vegetative leaves. The sporangium is a synangium, with two locules (Fig. 14.16N).
The gametophytes (14.16 0, P) are remarkably similar to those of Psilotum and embryogeny is
also alike to that of Psilotum. The synangium is interpreted as terminating a short lateral branch.

Anatomy

In internal organization, rhizome is similar to that of Psilotum. The aerial stem is angular
in cross section (Fig. 14.15M) due to decurrent leaves. The epidermis is cutinized and bears
stomata. A well marked endodermis is lacking (if it is present in rhizome).

The stele is broken into mosarch strand with parenchymatous pith. In the
parenchymatous, cortex without intercellular spaces, are mesarch leaf traces ensheathed by
phloem. In the apical region the xylem becomes in conspicuous and can bes een only as traces
departing to leaves.

Meanwhile, the divisions in the epibasal cell result in the formation of a three sided
apical cell. By the activity of this apical cell the shoot apex projects out of the gametophyte. At
the stage, it gets infected with the mychorrhizaI fungus. This assures independent nutrition to
the young sporophyte.
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Fig. 14.15 (A-N) Psillotum (A-I) and Tmesipteris (J-N) , morphology and anatomybf" tli~
sporophyte. A. habit, P. nudum (portion of plant), ,B,C, fertile regions enlarged' tcr sho'ZV
sporangia. D, E, terminal sporangia on short lateral branches and main axis (note, the absence ~f
leaf-like structures). F. L.S. synangium, G-I, transections (diagrammatic) rhizome, ba'sa(reg'ibh
and distal region of aerial axis, respectively, J, habit (pendulous), T. tannensis, K, leaves
showing transition from psilotoid to tmesipteroid condition. L, sporophyll withsporangium. M.,
L.S. (diagrammatic) aerial axis. N, I.s. synangiu Tmesipteris (Figures adaptedfrom: A, B'old, gi,
J, Pritzel; C,L, Wettstein; D,E,K, Bierhosrt; G,M; Spome; J~Sykes; N, Foster'and'Giffodi). ' . ~
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Gametophyte
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Fig. 14.16 (A-P) Psllotum (A-G, I-N) and Tmesipteris (H,a,p), sporangium, spore, gametophyte
and embryogeny, A. v.s. stem apex P. nudum, showing sporangial initials on a hump on the
adaxial face of bract B,C, v.s. of sporangis at later stages of development, D-F, stages of spore
germination, G-H, gametophytes of Psllotum and Tmesipteris respectively. I,l mature
.archegonium and antheridium. K-N, stages of embryogeny. a, gametophyte of T tonnensis
bearing young sporophyte. P, young sporophyte with both ends of rhizome. having developed
.into aerial axes. (Figures adapted from A-C, Smith; D-F, Darnel-Smith; G, Bierhorst; H-J, N,
Lawson, K-M, a,p, Holloway).

, When the young sporophyte is about 8-10 mm long,.it detaches from the gametophyte
and leads on Independent life. In the beginning, it is subterranean, later some of the branches
'grow apogeotropically and form the aerial shoots.
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10. Summary

Psilotopsida represents perhaps the most primitive of the extent Pteridophytes. Among
the living pteridophytes they possess the simplest plant body that could be imagined for a
vascular plant. There is no trace of leaf or root. Photosynthesis is carried out chiefly by the main
aXIS.

ARCHEGONIUM

ANTHERIDIUM

Fig. 14.17 Psilotum. Diagrammatic life-cycle (A-K)
,

Psilotales show close resemblance to the psilophytales than to any other group of
pteridophytes. This close relationship has been advocated by Kidston and Lang, Holloway,
Bower and others. Anber (1921) suggested that the group psilotales might h~ve originated from.,
algae.

Resemblance between Psilophytales and Psilotales.

1. Absence of roots.
2. Dichotomously branched rhizome with aerial photosynthetic axis.
3. Reduced leaves.
4. Relatively simple vasculation \
5. Cauline sporangia

- '.
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Lawson (1917) believes that psilotales have affinities with sphenophyllales but there are
certain major differences between these groups, specially in the leaves which rules out any close
relationship. .

~_._P_S_IL_O_T_UM ~·

EMBRYO

;'
OOSPORE S~A\M

SPORANGIUM

f

FERTILIZATION
(SYNGAMY)

ANTHEROiOiD's ------,

\

OOSPHERE \%

\

EGG ~ \~
%\<k
A\ ~
<k\~.. ~~\<"~SPORE MOTHER CELLS

ANTHERIDIUM ARCHEGONIUM ;\~ ilOSIS RD'- t ~\"'-SPoR'----
~PROTHALLUS ./

Fig. 14.16 Psi/alum sp. Graphic Life-cycle

Self Assessment Questions

1. "Psilotum" is a living primitive vascular plant. Discuss.
2. External and internal features of Psilotum.
3. Development Synargiain Psilotum.
4. Structure and development of gametophyte.
5. General Characters of Pisilophytales
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1. Introduction

Sporophytes differentiated into root, stem and leaves. Leave are small (microphylls) with a
single unbranched vein and leaf trace arises without causing a leaf gap in the vascular cylinder.
Sporophylls with single sporangium, generally formstrobilli.

Classification

Lycopsida is divided into seven orders
1. Protolepidodendrales
2. Lepidodendrales

-t'

3. Sigillariales
4. Pleuromeiales> "
5. Lycopodiales
6. Selaginellales
7. .Isoetales

The first four represent only fossil forms and the rest both fossial as well as living forms.
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Lepidodendrales

The Lepidodendrales, over 200. species. of which are known, first. appeared in Lower
Carboniferous times and reached their greatest development in the Upper Carboniferous swamp
forests, in which members of the Lepidodendraceae, Bothrodendraceae and Sigillariaceae were co-
dominant with the Calamitales and formed forests of trees 40 m or more in height. The fourth
family, Pleuromeiaceae, is represented by a much smaller plant, Pleuromeia, from Triassic rocks;
and approached more nearly to the modem Isoetales. The Carboniferous genera had stout trunks;
some with a crown of branches, others hardly branching at all, b..:t all possessed the same type of
underground organs, known collectively as Stigrnarian axes. Some species of Lepidodendron, (e.g,
L. obovatum, Fig. IS.IA) showed very regular dichotomies in its crown of branches, but others
approximated to a monopodial arrangement because of successive unequal dichotomies. While the
trunks and branches of all species of Lepidodendron and Lepidophloios were protostelic and
exarch, there was nevertheless considerable variation in stelar anatomy, from species to species, and
from place to place within one individual. Some species had solidprotosteles, others medullated
protosteles; some had abundant secondary wood produced by a vascular cambium, some had little
and others had none at all; in some, the stele of the trunk had secondary wood, while that of the
branches lacked it altogether. Thus, Lepidodendron pettycurense and L. Rhodumnense (both Lower
Carboniferous species) had solid protosteles, the former having secondary wood in addition, but the
latter being without it. Lepidodendron selaginoides (=L.vasculare), from the Coal Measures, pro-
vides an interesting case of partial medullation, for the central region of the axis consisted of a
mixture of parenchyma and tracheids, round which was a solid ring of tracheids. The secondary
wood of this species was oftenexcentric in its development, as illustrated in Fig: 15. l B,

Lepidophloios Wuenschianus, .from the Lower Carboniferous of Arran, is known in
considerable detail, for examples hav·e been found in which portions of the stele from various .
levels had fallen into the rotted base of the trunk before petrifaction occurred. This has made it
possible to discover something about the growth processes taking place in the young aerial stern.
The primary wood riear the base was solid and only 5.5 mm across, half way up the trunk it was
medullated, while near the top (Fig. IS.IA) it was 15 mm across and had a hollow space in the
centre of the medulla. It is concluded that, as the stem grew, its apical meristem grew more
massive and laid down a much broader procambial cylinder. Meantime, the cambium in the lower
regions had laid down more secondary wood than higher up, with the result that the total diameter
of the wood (primary and secondary together) was about the same throughout the length of the
trunk (about 7 ern). In proportion to the over all diameter of the trunk (40 ern), however, this
quantity of wood is surprisingly small, when compared with that of a dicotyledonous tree, where
most of the bulk is made up of wood. The difference probably lies in the fact that the wood of
modern trees is concerned! with two functions, conduction and mechanical support, whereas the
wood of Lepidodendrales was concerned only with conduction. Mechanical support was provided
mainly by the thick woody periderm which was laid down round the periphery of the trunk.

The metaxylem was composed of large tracheids with scalarifonn thickenings, while the
protoxylem elements were much smaller and frequently had spiral thickenings. The secondary
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wood consisted of radial rows of scalariform tracheids and small wood-rays, through which leaf-
traces passed on their way out from the protoxylem areas. In most specimens the phloem and even
some of the cortex had decayed before petrifaction occurred, but what is known of the phloem
suggests that it was small in amount and very similar to that of modem lycopods.

The primary cortex was relatively thin-walled and, within it, _a number of different regions
are recognizable. Of these, the most interesting is the so-called 'secretory tissue', made up of wide
thin-walled cells, whose horizontal walls became absorbed in the formation of longitudinal ducts.
Each leaf trace, as it passed through this region, acquired a strand of similar tissue which ran
parallel with it before splitting into two 'parichnos strands' on entering the base of the leaf. It is
believed that the secretory tissue was in some way connected with the aeration of the underground
organs, providing an air path from the stomata of the leaves, through the mesophyll to the parichnos
strand and so to the secretory zone, which was continuous with a similar region in the cortex of the
Stigmarian axes.

The leaves, known as Lepidophyllum, were borne in a spiral with an angle of divergence
corresponding to some very high Fibonacci fraction such as 55/144, 891233, etc. They were linear,
up to 20 em long, triangular in cross-section and with stomata in two longitudinal grooves on the
abaxial side. The vascular strand remained unbranched as it ran the length of the leaf. The leaves
were shed from the trunk and larger branches by means of an absciss layer, and the shape of the
remaining leaf base and scar provides important details for distinguishing the various genera and
species. Fig. 15.IB shows the appearance of the trunk oi e Lepidodendron where, characteristically,
the leaf bases were elongated vertically. In some species, the leaf bases became separated slightly
as the trunk increased in diameter, but in others they remained contiguous: even on the largest axes.
No doubt this was brought about to some extent byan increase in the size of the leaf base, much as
a leaf scar becomes enlarged on the bark of many angiosperrnous trees, but such increase must have
been relatively slight, for otherwise the leaf bases would have become much broader in proportion
to their height. Evidently, therefore, the largest leaf bases must have been large from the start, from
which it follows that the axes bearing them must also have been large, even when young. Details of
a typical Lepidodendron leafbase are illustrated in Fig. 15.1C. Within the area of the leaf scar (2)
are to be seen three smaller scars, representing the leaf-trace (3) and the two parichnos strands (4).
Above this lies the ligule pit (1) and, in some species, below it are two depressions that were once
thought to be associated with the parichnos system, bot are now known to be caused by shrinkage
of thin-walled cells within the leaf cushion.

; ;
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Fig. 15.1' Lepidodendron : A, reconstruction; B, C, leaf bases, Lepidostrobus; D, 1.s. of an
idealised cone; E, t.s. sporophyll, Lepidocarpon; F, t.s.; G, Is. Sigillaria; H, reconstruction; I, leaf
bases, Stigmarian appendages; J, t.s. (1, ligule pit; 2, area of leaf base; 3, vascular bundle; 4,
parichnos scars; 5, sporangium wall; 6, flange of sporophyll; 7, ligule)

CA, B, C, H, I, after Hirmer, F, Scott; G, Hoskins and Cross)
(adopted from 'The Morphology of Pteridophytes' by K.R.Spome, 1974)

, Lepidophloios is distinguished by its leaf bases being extended horizontally, instead of
vertically. Otherwise, the anatomy of the trunks is indistinguishable from that of Lepidodendron.
Indeed, it has been suggested that the differences do not warrant a separation into two genera.
However, there were differences; in the way the cones were borne. In Lepidodendron, they were
nearly always terminal, whereas in Lepidophloios, they were borne some distance behind the
branch tip in a cauliftorous manner.

The cones of both genera .are knownas Lepidostrobus and they consisted of a central axis
around which sporophylls were arran ~(' . in a compact spiral, their apices overlapping so as to
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protect the sporangia. Further protection was afforded by a dorsal projection, or 'heel', as illustrated
in the idealized longitudinal 'section, Fig. 15.lD. The cones varied in length from 5 em to over 40
cm and must have looked like those of modem conifers. Some cones contained only
megasporangia, others only microsporangia, while others were hermaphrodite. In the latter, the
megasporophylls were at the base and the microsporophylls towards the apex, as illustrated in Fig.
15.1D. This is the reverse of the arrangement in gymnosperms and angiosperms, where the
microsporangial organs lie below the megasporangial whenever they happen to be associated in a
hermaphrodite 'flower'. The sporangia of Lepidostrobus were elongated and attached throughout
their length to the 'stalk' of the sporophyll, which was relatively narrow, compared with the
expanded apex of the sporophyll (Fig. 15.1E). The sporangium wall was only one cell thick at
maturity and dehisced along its upper margin. Megaspores and microspores must have been
produced in enormous numbers, for they are extremely abundant in all coal-measure deposits. Some
megaspores have been found with cellular contents, representing the female prothallus, retained
within the megaspore wall ('endosporic') as in Selaginella today, and occasionally archegonia can
be recognized.

The number of megaspores produced within each megasporangium varied considerably
from species to species, and in some was restricted to one. In Lepidocarpon (Figs. 15.IF and
15.1G) the megaspore was retained in the sporangium, which, in turn, was enveloped by two
flanges from the stalk of the sporophyll. The whole structure was shed like a seed from the parent
plant and has been regarded by some botanists as actually being a stage in the evolution of a seed.
It would be much safer, however, to regard Lepidocarpon as merely analogous to a seed, for the
sporophyll flanges are quite unlike the integuments of true seeds, except perhaps in function. It is
not known whether the microspores germinated within the slit-like 'micropyle' while the
megasporophyll was still on the tree, or whether it did so after it had fallen to the ground.

Sigillaria (Fig. 15.1H) is characterized by the arrangement of its leaf bases iri vertical
rows. It branched much less than Lepidodendron or Lepidophloios and it bore its cones in a
cauliflorous I manner. Furthermore, the leaves were much longer, up to 1"m, grass-like and, in
some species, had two veins, possibly formed by the forking of a single leaf-trace. Species from
the Upper Carboniferous were similar to Lepidodendron and Lepidophloios in their internal
anatomy, having a medullated protostele with a continuous zone of primary wood. Some of the
Permian species, e.g. S. Brardi, however, showed a further reduction of the primary wood, which
was in the form of separate circummedullary strands. This is most interesting, for it represents the
culmination of a trend which was also taking place, at the same time, among several groups of ';
early gymnosperms, from the solid proto stele, through medullated protosteles (first with mixed ,<
pith and then with pure pith) to a pith surrounded by separate strands of primary wood.

/'" .' . ~ .. '

From a distance, Bothrodendron must have looked very .similar to Lepidophloios, for it had . L

a stout trunk with a crown of branches covered with smallianceolate leaves and its, cones .
(pothrodendrostrobus) were borne in a cauliflorous manner. It differed, however, in the external, .(
appearance of the trunk, for it had circular leaf scars that were almost flush with the surface.. \''';
.' ",. I...

The underground organs of all the genera of Lepidodendrales so far described were so":
similar that they are all placed in the form genus Stigmaria, and many are placed in a single
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artificial species, S. ficoides. The base of the trunk bifurcated once and then immediately again, to
produce four horizontal axes, each of which continued to branch dichotomously many times in a
horizontal plane. These Stigmarian axes were most remarkable structures in many respects. Thus,
even at their growing points, perhaps 10m from the parent trunk, they were frequently as thick as 4
em, They bore lateral appendages, commonly called 'rootlets', in a spiral arrangement. These were
up to 1 ern in diameter and were completely without root hairs. Internally they show a remarkable
resemblance to the rootlets of the modern Isoetes in having had a tiny stele separated from the outer
cortex by a large space, except for a narrow flange of tissue (Fig. 15.11). In origin, they were
endogenous, although only just so. The axes on which they were borne were peculiar in being
completely without metaxylem. In the centre was either pith or a pith-cavity, round which were·
protoxylem regions directly in contact with a zone of secondary 'wood. This consisted of
scalariform tracheids interspersed with small wood-rays, but there were also very broad rays
(through which the rootlet traces passed) which divided the wood into very characteristic wedge- ,
shaped blocks.

The true nature of Stigmarian axes has long been a problem to morphologists, for although , '
doubtless they performed the functions attributed to roots in higher plants (absorption and
anchorage), yet they were different in so many respects from true roots and, at the same time, were
so different from the aerial axes that they appear to have belonged to a category of plant
organization that was quite unique. Even the nature ,of the 'rootlets' is open to question, for
specimens of Stigmarian axes are known which bore' leaf-like appendages instead of rootlets.
Once more one is forced to the. conclusion that the categories root, stem and leaf have no .clear
distinction at the lower levels of evolution. '

Pleuromeia (Fig. 15.IA) was a much smaller plant than the other members of the
Lepidodendrales, for its erect unbranched stems were little more than I m high and 10 ern in
diameter, The lower parts of the stem were covered with spirally arranged leaf scars, while the
upper parts bore narrow pointed ligulate leaves about 10 em long, attached by a broad base. The
plant was heterosporous and dioecious, and, the sporangia were borne ina terminal cone made up
of numerous spirally' 'arranged circular or reniform sporophylls. Although early descriptions
described the sporangia as on the abaxial side of the sporophyll, most-morphologists believe this to
be an error, and it is usually accepted that, as in all other lycopods, they were on the adaxial side.
Verification of this must .await the discovery of better preserved specimens, for no' petrified
material. has yet been found. For this reason, also, little, is known of the internal anatomy of the
plant. 'I'

Below the ground, Pleuromeia was strikingly different from the other members of the
Lepidodendrales, for, instead ofhaving 'spreading rhizomorphs of the' Stigmaria type, it terini~ated,
in four (or sometimes, more) -blunt lobes. From these 'were produced numerous slender' forking I

rootlets, 'very similar 'anatomically 'to' 'those of Stigmaria 'and also' to' those of" Isoetes. Indeed,
Pleuromeia is commonly regarded 'clsa link connecting the. Isoetales with-the' Carboniferous
members of the Lepidodendrales, . . ,

, .: " ~ , ,,' ':-'.; ; -. - ..' . ' " .
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Lycopodiales

The modern representatives are small and herbaceous sporophytes. The leaves are small
and simple. Each leaf possesses an unbranched midrib. The leaves have no ligules. There are no
leaf gaps in the stele of the stem. The sporophylls mayor may not be restricte~ to the terrni?al
portion of branches and organized into definite strobili. The sporophylls and simple vegetative
leaves may be similar or dissimilar. They possess homosporous sporangia i.e. all the spores of one
kind only. The gametophytes are wholly or partly subterranean. The antheridia remain embedded
in the tissue of the prothallus. The antherozoids are biflagellate. The living Lycopodiales contain a
single family, the Lycopodiaceae. The Lycopodiaceae include two living genera Lycopodium and
Phylloglossum.

The genus Lycopodium with about 180 species has been described here in detail. .

2. Distribution and Habit

The species of Lycopodium are world-wide in distribution. They are mainly found in
tropical and sub-tropical forests. They are very commonly found on healths and on humus soils in
moist shady places. In India, they are found in the hills of Eastern Himalayas. The plants are
commonly known as 'ground pines', club mosses and trailing 'evergreens'. Many species occur in
the tropics as hanging epiphytes (e.g. Lycopodium phlegmaria and L. squarrosum). Chowdhury
(1937) has reported eight species from our country. These species are Lycopodium clavatum; L.
cernuum, L.heamiltonii, L. setaceum, L. phlegmaria, L. wightianum, L. serratum and L.
phyllanthum. The most common species is L. clavatum.

3. The Sporophyte

Habit:- All species possess small, herbaceous or shrubby sporophytes. The stem in almost all the
species is delicate and weak. Some species are epiphytic and with erect or pendant sporophytes
while other species are terrestrial and have a trailing habit. The stem and its branches are densely
covered with small leaves. Lycopodium phlegmaria is an epiphytic species.

According to Pritzel (1900) this genus is divided into two sub-genera which differ from'
each other in general organization of the sporophyte. These subgenera are Urostachya and
Rhopalostachya.

<,

(i) Stems:- Species referred to the sub-genus U~ostachya possess branched or unbranched stem~/
that are erect or pendant but never creepmg. This subgenus includes the species e.g. L. selago, I
lucidulum, L. phlegmaria and others. lfthe stem is branched, the branching is always dichotomous."
Usu~lly' the successive dichotomies are found at right angles to one another. The species belonging
to this subgenus do not bear the adventitious roots along the stem.

The sub-genus' Rhopalostachya includes the speci~~. e.g. L. clavatum, L. inundulatum, L'.
complanatum, L. cernuum and othe-s. The species referred to this sub-genus possess prostrate"
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stems bearing upright branches. The branching of the stem in the first-formed portion may be
dichotomous, but in later developed portion it is always monopcdial,

(ii) Leaves:- The leaves are small, simple, sessile numerous and cover the axis closely. Typically
the leaves are 2 to 10 mm long. Usually the leaves are arranged in closed spirals (e.g. in L.
clavatum and L. annotinum) while in other cases, they are arranged in whorls (e.g. in L.
verticillatum and L. cernuum). In some species, the leaves are found to be arranged in opposite
pairs (e.g. L. alpimum), in others they are irregularly arranged. Usuaily the leaves are lanceolate in
outline possessing the broad bases. Usually the first-formed leaves on the stem do not bear the
midrib, the later formed leaves usually posses a single unbranched vein that starts from the base but
does not reach the apex. The leaves are all alike in size and shape, but in few species, such as L.
complanatum, L. volubile and L. chamaecyparissus, the leaves are dimorphic like that of
Selaginella and found to be arranged in four vertical rows on the stem two being smaller and two
larger in size.

I

I

~v-.~! STROBILI!>S
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~

Fig. 15.2 Lycopodium. A part of plant of L. clavatum showing strobili; B-E, leaffomi and·
arrangement in Lycopodium; B, L. refescens, C, L. volubile; D, L. complanatum; E, L. cernuum.

(adopted from S.S.Rajan, 1994)

(Ill) Apical growths- The apical growth of the shoot takes place by means of an apical meristems
which consists ofa group of apical cells (Fig. 15.3).

,.
18'

(iv) Rootse- The first root is short and atleast in some species does not live long. The older plant
bears the adventitious roots that arise singly or in groups acropetally along the lower side of the.
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, ~.
stem. The species' of subgenus Urostachya do not possess adventitious roots along the. ~.tem. The
species of subgenus Rhopalostachya with a creeping stem generally have their adventitious roots
borne along the entire length of the prostrate portion.

Fig. 15.3 Lycopodium spp. L.S. of stem apex.

In some species.e.g. L. selago, L. phlegmaria
and others, the roots that arise on the outside of the
stele do not penetrate the cortical region of the stem
at once. These roots turn downward and penetrate
the soft middle cortex making canals through it, and
ultimately they emerge only at the stem. Such roots
are known as "Cortical roots" or "inner roots".

In some species (e.g. L.. obseurum and L.
lucidulum) the branching of the roots is strikingly
dichotomous. Here each successive forking is found
at right angles, to the proceeding one.' In many
species, the dichotomy is obscure. The endogenous
lateral roots do not arise from the roots (as in seed
plants). In terrestrial form the root hairs are found
abundantly which persist over a long period.

4. Anatomy of the Stem

A transverse section of the mature stem of Lycopodium clavatum shows the following
structure.

The epidermis is one cell in thickness and bas stomata that appear to be similar in structure
to those of the leaf. The outer walls of the epidermal cells are thick and cutinized.

The cortex is quite broad and it various greatly in relative thickness from species to species.
In some species its radial thickness is several times that of the stele; in other species the two are
approximately equal. The cortex has three zones. The peripheral and central zones consists of
thickened sclerotic cells while the middle zone consists of large and thin-walled cells containing a
few chloroplasts. The single stele occupies about half the area of the section. It consists of a
number of irregularly shaped, parallel strands of xylem alternating with phloem bands. The xylem
consists mainly of scalariform tracheids, with no vessels and no parenchymatous cells. Each xylem
plate remains surrounded by a single layer of parenchyma, with bordered pits on the inner walls,
which lies between the xylem and the phloem. The phloem is composed of sieve tubes and
parenchyma only. The development of both xylem and phloem strands is centripetal, that is, from
the periphery towards the 'center. The proto xylem consists of spiral and annular tracheids. The
proto xylem is found to be 'situated at the outer edges of each xylem mass, that is to say, in the
exarch position.
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At the inner face of the cortex, there may be an endodermal layer which, at least in younger
portions of the stem has characteristic thickened radial walls.

The endodermis of Lycopodium is thought to be originated from the stele and not from the
cortex. Internal to the endodermis there lies a multi-layered pericyc1e .. The pericyc1e layer is
usually three to six cell in thickness.
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Fig. 15.4 Lycopodium sp. A, transverse section of stem (diagrammatic);
B, transverse section of stem (details).
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There is a great variation of organization of the vascular elements, not only in different
species but even within the same species may vary both' from individual to individual and in
different portions of the same individual. In stems, the vascular elements are found to be arranged
into an exarch actinostele resembling to the actinosteles characteristic of roots of vascular plants.
In such steles, the phloem lies in the space between the xylem plates. For example; in L.
phlegmaria, the adult stem has the exarch actinostelic organization with the xylem ways are
expanded outwards like fan blades in appearance. According to J.B. Hill (1914), the species with
actionostelic type of organization in the older portions of the stems are thought to be the most
primitive of the genus as far as the vascular organization is concerned. Other species may have
plectostelic organization of the vascular elements. In such stems, the xylem core is found in the
form of plate like lobes. Here the xylem and phloem bands are found to be arranged symmetrically

in alternating transverse bands across the stele
(e.g. in L. volubile and L. wightianum). In s ill
other species the stelic organization may have
masses of xylem and phloem indiscriminately
mixed with one another e.g. in L. cernuum.
Holloway (1910), Jones (1905) hold the view
that the plectostelic organization is found
chiefly in horizontal portions of the plant and
the actinostelic in erect portions. The stele
lacks a cambium in all cases and hence there is
no secondary growth.

Fig. 15.5 Lycopodium sp. Transverse section of
steles of various species of Lycopodium-A; L.
serratum; B, L. annotinum; C, L. cernuum; D,
L. volubile. (adopted from S.S.Rajan, 1994)

(i) Anatomy of Leaf: The transverse section of leaf shows following parts.

The leaf has a mid-rib which consists of a single concentric amphicribral bundle. The
central. xylem core is quite small. It is not always differentiated into meta and protoxylern. The
xylem IS composed of thick walled annual and spiral tracheids. The phloem is composed of phloem
parenchyma and narrow seive-tubes. The endodermis is inconspicuous and may hardly be

recognised. The vascular bundle remains surrounded by
sclerenchymatous pericycle.

The
mesophyll tissue lies between the vascular bundle ahd the
epidermis. The epidermis of most species has stomata on
both faces of a leaf (e.g. in L. clavatum, L. selago and
others). However, in species with dimorphic leaves the
stomata are frequently found on one face of the leaf (e.g.
in L. complanatum and L. volubi/e).
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B
between the protoxylem points of the C or Ushaped xylem.

~Fig.15.6.Lycopodium clavatum.
Transverse section of leaf. (adopted
from S.S.Rajan, 1994)
(ii) Anatomy of root: The: transverse
section of the root shows the
following parts. The root IS
differentiated into epidermis, cortex
and stele like other vascular plants.
The single layered epidermis gives
rise to numerous root hairs. The root
hairs are formed to be arranged in
pairs. According to Stokey (1907) the
occurrence of root hairs in pairs
results from the fact that the hair
initials are found in twos by the

.oblique or anticlinal division of a
young epidermal cell.

Just beneath the epidermis
there lies the broad cortex. The cortex
is several cells in thickness and often
becomes greatly sclerified in the outer
half as the root becomes older.

In some cases, the stele is
monarch with the proto xylem in one
mass, e.g. in L. clavatum. In other
cases, the stele is diarch with two
protoxylern masses. e.g. in L. selago,
L reflexum and other species. Here
the two xylem masses are united into
one continuous xylem groups which is
C-shaped or horse-shoe shaped. In
still other cases the stele is triarch with
three groups of protoxylem.
According to Saxelby (1908),
sometimes the same root is diarch in
one portion and tetrach in another (e.g.
in L. selago and others). Most roots
are diarch. These roots generally have
but one mass of phloem and this lies

. ,
Fig. 15.7 Lycopodium selago. A, T.S. of aerial root; B, T.S. of cortical root (adopted S.S.Rajan, 1994).
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Fig. 15.8. Lycopodium sp. Transverse section of root, A, diagrammatic; B, detailed
(adopted from S.S.Rajan, 1994)

5. Reproduction

The sporophyte reproduces by two methods viz., vegetative propagation as well as by spore
production.

(i) Vegetative Propagation

This takes place by the following methods:

(a) Bulblls: These are also called gemma and are produced on stem tips. The morphology of these
is still obscure. These occur in place of leaves. According to Smith (193\0), gemmae are
modifications of leaves. Each gemmae orbulbil consists of a short reduced axis surrounded by
a number of fleshy leaves rich in reserve food. On falling upon the ground the gemma develops
into a new plant.

In L phlegmaria and L. phyllanthus, Chowdhury (1933) has reported the formation of bulbils
near the base of the main stem.

-r
--- --,-------
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,.
(b) Fragmentation: By the progressive death and decay of the older parts of the stem, the

branches get separated and develop into a new plant. This is seen in species with creeping
stems.

(c) Persistent bud: In certain species like L. innundatum, the tip of the stem survives while the
entire plant gets killed during the unfavourable season. At the return of the favourable season
the surviving tip functions like a bud and gives rise to a new plant.

-
(d) Root tubercles: In L. cernuum and L. ramulosum, Holloway (1917) has reported the formation

of small tubercles on the adventatious roots.

(ii) Spore Bearing organs

As has already been pointed out only in some species there is an organisation of the
strobilus. A strobilus usually has a central axis on which are spirally arranged sporophylls. The
sporophylls on their adaxial surface bear a single sporangium. Sporangia are 1 - 2.5 mm in size,
kidney shaped, orange to yellow coloured and have a short massive stalk.

fli-:"H+---->-Sporangium
7't--- ..•.•Sporophyll

1/1 .-r":::=,..Lr----...; V. Supply

A

~--II..-ff),m--Spores

'">----v7J'-tI?iffl'l'Ht---4 Spor~nglum

A'f{f-~t!lriH:JlIW/---; Stalk

Fig. 15.9 Lycopodium; Strobilus of L. phlegmaria
A. L.S. of Strobilus, B. A single Sporophyll (enlarged) with Sporangium

. (adopted from S.S.Rajan, 1994)
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---t;~~~"fi;.fiUjt-~ Spores

Fig. 15.10 Lycopodium: Strobilus of L. cernuum
A. L.S. of strobilus, B. A single sporophyll (enlarged) with Sporangium

6. Development and Structure of Sporangium

The sporangium development is of the eusporangiate type. There is a great deal of variation
in the place of origin of these cells. Though there are a number of sporangial initials only one cellis
seen in a radial section (fig. IS.IIA, 15.IIB). The sporangial initials divide and produce three
rows of superposed cells (Fig. 15.IID). Of these three rows, the outer most forms the jacket
initials, the middle one constitutes the archesporium and the lower most is called the sub-

----~/_-.------
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archesporial layer. The jacket initials divide by anticlinal and periclinal divisions to contribute to
the multi layered wall of the sporangium. The inner most wall layer distinguished itself into
tapetum (Fig. 15.10F). The function of the tapetum is to provide nutrition to the spore mother cells.
The tapetum at the base of the sporangium is derived from the sub-archesporial layer. A unique
feature of the tapetum in Lycopodium is its retention even in the mature sporangium. The
archesporial cells divide in all the planes and increase their number. They separate from one
another, round off and form the spore mother cells (Fig. 15.11 I). The spore mother cells under go
reduction division to form tetrads of haploid spores. The above account of sporangial development
is based on the work of Bower (1894) .

.Iit ~
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Sparial Cell Cell
'Sporophyll Wali Initial

~ . Archesporium

\..l-,-"Y"l-i":'~- Wall

Sporogenous Cells
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Fig. 15.11 Lycopodium: Stages in the De~elopment of Sporangium in L. selago.
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The sporangial development is essentially similar in all the species of Lycopodium with
minor variations here and there. In L. clavatum and L. alpinum, the archesporium consists of three
tangential rows of cells and consequently there is an increase in the number of spores.
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, A mature sporangium consists of a short bulky stalk and an expanded capsular region. The
capsular region is reniform and has a multi-layered wall, the inner most layer of which forms the
tapetum. Lying in the sporangial cavity are found a number of spores of the same type.

Dehiscence of sporangium and Liberation of spores

In a mature sporangium there is a transverse strip of cells called stomium. This marks the
line of dehiscence, Due to the hygroscopic reaction of the wall cells the sporangium breaks open
along the stomium into two clam shell like valves. The spores are exposed and are disseminated by
wind.

7. Gametophyte

(i) Structure and Germination of the Spore

The spores of Lycopodium ate minute ranging iIi diameter from 0.03 to 0.05 mm. Soon
after liberation from the sporangium they are tetrahedral in shape. The spore wall is two layered.
The architecture or the outer layer is highly variable. Based on this, Lustnes (1898) classified the
sporesinto three types.

1) Netzsporen - the wall is covered by reticulate ridges.
2) Tupfelsporen - the wall has knob like projections, and
3) A transitional type with a fine ridged pattern.

Some amount of chlorophyll may be present in the spores occasionally. Spores also have
oily reserve food ..

The different species of Lycopodium shows a- great deal of variation in the time taken for
germination and also in the pattern of germination. In L. cernuum, L. innundatum etc., the spores
germinates within a few days after their liberation from the sporangium. As a result, the
gametophytes are. short lived completing their life-cycle in one season. In L. clavatum and other
species, t~e spores germinate only after three to eight years. This unusual delay in germination is
due to their thick .cutinised walls (Barrows, 1935). In these members, the gametophyte has a life
span of 6-15 years.

The first sign ofspore. germination is the rupturing of exospore. Before the rupture, two
cells would have been formed within. the spore. Of these, one is small and biconvex and the other
one is large. Soon after the rupture, the spore contents come out in the form of a conical mass. The
small biconvex cell is the rhizoidal cell. It does not take any further part in the development of the
gametophyte. The larger cell divides by means of an oblique wall and produced two cells. Of the
two cells so formed, the one nearer the. rhizoidal cell is called the basal cell. It does not divide
further. The other cell by further divisions differentiates an epical cell with two cutting faces.

:. ... . /'. . -.

The development does not proceed beyond the five celled stage, if there is no infection by
the mycorrihizal fungus.

-------------------~ r
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, In aerial prothalli if there is no infection, the gametophytes die. In subterranean prothalli
there ensures a period of rest of nearly a year after the five celled' stage during which mycorrhizal
infection takes place. Only then the growth continues.

"./ The precise nature of the triggering mechanism of growth provided by the fungus is not
known though it is believed that the fungus supplies certain vital substances necessary for the
growth of the gametophyte.

After the fungai infection, growth is rapid and very soon the apical cell is replaced by a
group of meristematic cells. These divide and produce the prothallus.

According to 'Wetmore and Morel (1901), the spore germination is rather unique in. L.
cernuum, L. innundatum and a few others. Here the spores are achlorophyllous in the beginning but
acquire it a little earlier to germination. The first division of the spore produces two cells, of which
the smaller one does not develop further. The larger cell produces an apical cell with two cutting
faces. This cuts off cells alternately towards left and right. The segments cut off by the apical cell
produce a mass of cells called the primary tubercle (Treub, 1884).

(ii) Structure of the Mature Prothallus

The species of Lycopodium exhibit a great range of diversity in the types of gatnetophytes.
Usually three main types of gametophytes are identified based on growth pattern, nutrition, life
span etc. It .should however, be pointed that there are many intergrading forms between these three
types.

First type (L. cernuum, L. innundatum etc.)

This is found mainly in species inhabiting tropical regions. The
spore germination here is immediatley and consequently the gametophyte
completes its growth in one season. The gametophyte is extremely small
ranging from 2 to 3 mm in size. It is above ground and has a basal portion
buried in the soil. The upper green part is exposed and has a number of
small f}nger like photosynthetic lobes forming a crown (Fig. 15.12). The
basal portion consists of the mycorrhizal fungus. Rhizoids are produced
from the basal region. Sex organs are formed between the photosynthetic
lobes. Anatomically prothallus consists of only parenchyma. C ~

Fig. 15.12 Lycopodium;
Gametophytes : L. cernuum:

The nutrition of the prothallus is both autotrophic and saprophytic,

The prothallus of L. alakense belongs to the first type but it lacks the endophytic fungus, the .
nutrition being autotrophic. .
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Second type (L. clavatum (Fig. 15.13) L. complanatum, L. annotinum, L. obscurum etc.)

.In this type, the spore germination is delayed for a long time
and consequently the prothalli have a longer life span. In size also,
prothalli belonging to this type are the largest ranging from 1 to 2 em.
Their shape varies, they may be top shaped, carrot shaped or disc like.

Fig. 15.13 Lycopodium; Gametophytes L. clavatum.

These prothalli are brownish or yellowish in colour and are completely subterranean being
present at 1-8 ern, below the surface of the soil. From the lower surface a number of rhizoids are
produced. Antomically, the prothallus exhibits tissue diversification not encountered in the other
types. It should be pointed out however, that all the cells in the gametophyte are parenchymatous.
Further, tissue diversification is seen only in the lower cylindrical portion whereas the upper
flattened portion has only polygonal parenchyma cells.r-~----~-------------- ~ ~

In the lower cylinder
portion, the following tissues
are seen. The central region
consists of vertically elongated
cells (Fig. 15.13) constituting
the storage tissue. The cells
are radially elongated and
closely packed. They
constitute the palisade tissue.
External to the palisade tissue
is the hyphal tissue the cells of
which have the fungus.
Outside the hypha I tissue is
the epidermis, some of the
cells of which produce
rhizoids. Sex organs borne on
the upper surface of the
Prothallus. Antheridia
develop first at the centre
followed by archegonia at the
periphery.

Fig. 15.14. Lycopodium : Long
Section of the Gametophyte of
L. complanatum. ~
(adopted from Introduction to
S.S.Rajan, Pteridophyte, 1994).

Embryo

Archegonium

m~Ir---Palisade tissue

b1~iit.---Storage ·tissue



1M. Sc. BOTANY:: PTERIDOPHYTA 15.20 LYCOPSIDA)

Third type (L. phlegmaria and other epiphytic species)

To some extent, this combines the characters of the first and
second type. Like the first type here also the spore germination is
immediate and consequently the gametophyte is small, growing for only
one season. Here, like the second type, nutrition is always saprophytic
but unlike the second type, anatomically the gametophyte is simple in
having ordinary parenchyma cells infested with mycorrhizal fungus. .

Fig. 15.15 Lycopodium: Gametophytes. L. phlegm aria

.The prothalli grow on the trunks and rotting barks of trees close to the soil. The main body
of prothallus is an irregularly shaped tuber. From this central tuber arise several slender cylindrical
branches. The length of the branches range from 1 to 6 mm. Sex organs are borne on the upper
surface of these branches.

It has already been pointed out that the above mentioned three types of gametophytes are
not clear cut in their characteristics. There are many intergrading type combining the characters of
one or more types of gametophytes making the categorization untenable .. As Lang (1899) observes
the similarity in ground plan of the Prothalli would appear rather to indicate that they are all more
or less profound modifications of a type not unlike that of L. ocernuum.

In this connection, it will be interesting tomention the observations of Bruchmann (1898-
1910). He has studied in detail the development of Prothallus in L. selago. Two types of Prothalli
are found in this species. If the spores germinate immediately, the resultant gametophyte would be
chlorophyllous resembling that ofL cernuum. If the spore germination is delayed (i.e. if they are
deeply buried in the soil), the resultant gametophyte would be on a chlorophyllous subterranean
one. The shape of the gametophytes depends on the type of soil. The prothalli may be either
radially symmetrical or may show a bilateral symmetry. According to Lang (1902), the diverse
nature of theprothalli of L. selago clearly point out that the so called different types are nothing but
variations of a basic type.

8. Reproduction

The gametophyte also reproduces by two methods, namely: (1) Vegetative propagation, and
(2) Sexual reproduction.

(i) Vegetative Propagation

(a) Gemmae: In L. phlegmaria, a small gemma arises near the tips of the branches. It is usually
club shaped with a stalk. On separation from the parent body gemma develops into a new
gametophyte,
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(b) Buds: It has been noticed that in L. innundatum, small buds arise from the injured parts of the
lobes.

(c) Decay of older parts: In L. phlegmaria and L. billardieri progressive death and decay of the
older parts result in the separation of the branches. These separated branches live as independent
prothalli.

(ii) Sexual Reproduction

The prothalli are generally monoecious with the antheridia appearing first (protandrous).
Usually antheridia and archegonia appear at distinct regions on the upper surface of the prothallus.
But, occasionally as in L. lucidulum, sex organs may be intermingled (Spessard, 1922).

(a) Structure and Development of the Antheridium

The antheridium develops from a superficial cell behind the apical meristem. The first
division results in forming two superposed cells. Of these, the upper one called the jacket initial
undergoes repeated anticlinal divisions to build up single layered jacket of the antheridium (Fig.
15.16). Meanwhile, the lower cell (primary androgoniaI cell) divides in all the planes to form a
large number of androgonial cells. The last generation of theandrogonial cells are known as
androcytes. These androcytes metamorphosis into biflagellate antherozoids .

.
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Fig. 15.16. Lycopodium: Stages in the Development Antheridium and Sperms

A mature antheridium mayor may not be sunk in the gametophytic tissue. It has a single
.layered jacket enveloping a large number of antherozoids.

(b) Dehiscene of the Antheridium

When the antheridium is about to mature a triangular cell called the opercular cell gets
differentiated in the jacket. This opens out allowing the antherozoids to escape.
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(c) Structure and Development of Archegonium

A single superficial cell gets differentiated on the surface of the Prothallus. This
(archegonial initial) undergoes a transverse division to form an upper primary cover cell and a
lower central cell. The primary cover cell divides thrice where the second
division is at right angles to the first one. As a result, four quadrately arranged
cells divide several times transversely to form a 3-4 celled high neck of the
archegonium. Meanwhile, the central cell elongates and divides transversely to
form a primary canal cell and a primary venter cell. The primary canal cell in
turn divides several times transversely to form a varying number of neck canal
cells (Fig. 15.17). In L. cernuum.neck canal cells are threein number, in L.
selago seven and L. complanatum there are as many as 14-16 neck' canal cell.
The archegonium of L. complanatums with its large number of neck canal cells is something of a
variety in Pteridophytes, the like of which being encountered only in mosses.. The primary venter
cell divides to form a venter canal cell and an egg cell.

Fig. 15.17 Lycopodium: Stage in the Development Archegonium.

In a mature archegonium only a part of the neck protrudes' out. All the cells' in the
archegonium except the egg dissolve to form a mucilagenous mass. This chemotactically attracts
the antherozoids. Many antherozoids enter the archegonium, finally one succeeds in fusing with
the egg, resulting in the formation of a diploid zygote.

Embryology

Much of our knowledge regarding the embryo development is due to the discoveries
I

regarding the embryo development is due to the discoveries of Tueub (1884, 1886, 1890),
Bruchmann (1910), Holloway (1909, 1915)',Wigglesworth (1907), Bower (1935), Browne (1913)
etc.

Early stages of embryogeny seem to. be uniform in 'ali the species. In subsequent
development ho~ever species of Lycopodium show a great variety.

The first division of the zygote is transverse resulting in the formation of an epibasal cell
(cell nearer to the archegonial neck) and a hypobasal cell (cell away from the archegonial neck).
The epibasal cell does not contribute to any part of the embryo. Usually, it does not divide further,
instead elongates to f0n11a suspensor.' The suspensor however is not very 19n9. The entire embryo

,. is derived from the lower hypobasal cell. This type of embryogeny where only the lower cell
contributes to embryo is called Endoscopic development. The divisions in the .hypobasal cell are
extremely variable in different species:

, In L. Clavatum and L. annotinum the first two divisions are vertical resulting in the
formation of aquadrant. A 'subsequent transverse division results in the formation ..of two tiers of
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four cells each. Of these, the lower tier (next to the suspensor) develops into foot. The upper tier
develops into stem, leaf and root. Gradually, the stems and leaf come out of the gametophyte and
the root grows downwards. This primary root is short lived. New adventitious roots arise from the
sporeling. It will be several years before, the sporophyte establishes itself on the soil.- . . .

The account of embryogeny given above is the- are seen in subterranean sporophytic
prothalli. In the photosynthetic prothalli (L. cernuam, L. innundatum etc.) embryology is slightly
different. Upto the formation of suspensor and formation of two tiers of four cells; the embryogeny
is similar to what is seen in subterranean prothalli. the quadrant celis of the lower tier form the
foot.

In the upper tier, the conventional parts of the embryo are not differentiated. The four cells
constituting the upper tier divide rapidly and form a tuberous mass of tissue. This gets itself
separated from the prothallus and lives independently. Treub (1890) calls such a structure as the •.
protocorm.

Structure of a protocorm

The protocrm is a tuberous, lobed structure. The upper surface of the tubes produces many
long cylindrical chrlorophyllous out growths called protophylls. From the lower surface of the
tuber, arise a number of rhizoids helping in anchorage and absorption. Rhizoids and protophylls
assure an independent existence to the protocorm (Fig. 15.18).
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Fig. 15.18 Lycopodium: Protocorm of L. cernuum
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Internally a protocorm has only parenchyma infested with the fungus. There is no vascular
tissue. Eventually from the l'~per surface of the protoconn, the typical sporophytes with stem, root
and colyledons gets differentiated.

Mitsuta (1980) has studied the structure of the protoconn in Lycopodium cernucem.
According to him, prophylls are arranged alternately on the protoconn and the growing apex of
protoconn directly transforms itself into the growing apex of stem.

Studies on the protoconn of Lycopodium corolinianum (Bruce, 1979) have shown that after
the emergence of protophylls, the rhizome apex is formed laterally and the firt root initials
originate. Dorsal leaves characteristic of the rhizome of the adult plant emerge only after the
second pair of leaves are formed,

Morphology of the Protocorm

The formation of an independent, intermediate phase between the sporophyte and
gametophyte has led to various types of interpretations on its morphologicla nature. The points of
interest in the morphology of the protocorm lie in its autotrophic behaviour and gametophytic
itnernal structure with a sporophytic cytology. Because of this, it has been variously interpreted as
a sporophyte, as a gametophyte and as a special phase intermediate between sporophyte and
gametophyte.

According to Trueb (1890), the proto conn is a sporophyte retaming the pnmitive
undifferentiated structure that was once possessed by the ancient sporophytes. He believes that in
the course of evolution the primitive undifferentiated plant body gave rise to the differentiated plant
body, protocorm represents one such primitive stage.

Bower (1908, 1935) disaguees with Treub (1890) and believes that the establishment of the
so called protocorm is nothing but an adaptation of the plant to meet a specific circumstance under
which perhaps it would not be possible to establish the sporophyte. Br9wne (1913) considers
protoconn to be a reduced stem.

According to Holloway (1939), the protocorm is produced to meet certain physiological
conditions such as perenneation during unfavourable season etc. He does not attach any
phylogenetic significance to the protocorm.

Some of the experiments conducted by Wardlaw (1955) appear to indicate that certain
genetic factors and the metabolic pattern govern the development of protocorm. According to him,
a higher CIN (Carbohydrate/Nitrogen) ratio would induce cell division and thus delay the
organisation of the parts of the sporophyte. It is possible to expect a higher CIN ratio in the
prothalli of L. cernium and others because they possess two types of nutrition, auto-trophic as well
as sapuophytic. As Wardlaw (1955) believes, when CIN ratio comes back to nonnaley a definite
sporophyte is established. But the one point that has not been convincingly explained by Wardlaw

19)
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(1955) is the autotrophic be haniour of the protoconn. If indeed an abundance of food has resulted
in the delay of differentiation and established the protoconn, the moment the excess reserve food is
exhausted or comes to the normal state, the sporophyte should differentiate. Instead the protocorm
separates itself from the gametophyte and develops organs like protophyll and rhizoids necessary
for the manufacture of food. This indeed is not expected of the protoconn because according to
Wardlaw (1955) there is already a higher amount of nutrition.

The protoconn is compared to the mature plant of Phylloglossum where in the plant
possesses a bulbil like structure.
Apogamy and Apospory

The generally does not occur in nature, but some scientists, have been ;able to induce these
experimentally. Freeberg (1957) induced apogamy in L. complanatum, L. cernuum and L. selago.

~>"It ~f~o~?in&, to him, insufficient water; unfavourable for fertilization induces tqe development of
,." . apogamous sporelings. . '.., ", ., . '..
'J~<I.~""!"-","! _~ ' •...• ~.

Apospory has also been observed by Freeberg (1957) in L. complanatum.
;'-1 "

Pbylloglossum

The genusPhylloglossum unlike Lycopodium has a very 'limited' distribution in fact its
entire distribution is confined to a few places in Australia, New Zealand and Tasmania. The genus
is monotypic having a single species Pidrummondii.

Theplant body ofPhylloglossum is very small when compared to that of Lycopodium. It so
much resembles the protocorm found in some species of Lycopodium-that it is very often called the
permanent protocorm of Lycopodium. . .l

The plant is perennial in its habit. It has an underground tuber which gives rise to roots and
leaves. The plant body may reach a height of 10 em. To help in perenneation, the tuber persists
underground. While all the other parts die during unfavourable season.

. At the favourable season every year the tuber produces a short stalk bearing quill like
leaves. The axis at.its. base also produces one-to three unbranched roots. The tip' of the axis bears
the leav~s. The axis .~(ly also produce a short leafless branch which 'terminates in a young tuber
(Fig. 15.19).' . '" . .
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Old tuber
. Fig; 15.19 Phylloglossum : Habit of Mature Plant of P. drummondii

Anatomy: Anatomically,' the stem shows a siphonostelic organisation. The vascuhli<tylinder
which transverses the entire length of the stem disappears in the tuber. The siphonosteres:(ll~§ two
groups of phloem (Amphipholic).

.. ~.. ;...
'""·C), : .....\.....•••••••.•.•••..••.••••....••••.•••.......•.•••.1

.,-.r:A.'}.oLeal Base

.:~(

i"~ <: I

i .

Fig. 15.20 Phylloglossum :Transverse Sectional View~
A. Top ofthe Tuber, B. Above the Base, C. Base of PeduhCl(n. Cone AXIS

~. "'i. '
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Vegetative Multiplication

Perenneation of the plant body is achieved by underground tuber which persists in the soil
long after the aerial parts wither away. The surviving tuber produces the leaves at the return of
favourable season.

Vegetation multiplication is also brought about by young tubers produced at the tip of a
short leafless branch. Occasionally the tuber bearing branch may have leaves.

Spore Production

Phylloglossum reproduces by means of spores. The spores which are homosoporous are
produced in sporangia. The sporangia are become on sporophylls which in turn aggregate to form
cones or strobili. The cones are long and slender terminating the stem apex in a fertile plant.

Each cone has a few sporophyll arranged on the cone axis in whorls of three. Each
sporophyll bears a sporangium which is nearly axially in position. In its essentials, the cone
resembles that of Lycopodium. Each sporangium is a small globose or avoid structure. It has a
short stalk. Enclosed in the wall of the sporangium and nearly filling the cavity are alarge number
of spore mother cells. These undergo reduction division to produce tetrads of haploid spores. The
spores are arranged in tetrahedral fashion and are yellow in colour. All the spores are of the same
ty{je (Fig. 15.21).

At maturity, the sporangium breaks open releasing the
spores. The spores are wind dispersed and develop into
gam~tophytes on the availability of a suitable substratum.

Fig. 15.21 Phylloglossum :
B. Strobilus, C. L.S. of Strobilus

Unfortunately, very few details are available regarding
spore germination and the subsequent development of
gametophyte, embryo etc. According to the scanty information
available, development of gametophyte and embryogeny are
basically similar to what is seen in Lycopodium. The
gametophytes as per the reports are very minute growing on soil
rich inorganic matter. They are found on the surface of soil and
are green in colour. This is indicative of their nutritional
independence. Photosynthetic gametophytes of Phylloglossum
resemble those found in a few species of Lycopodium.

Sporangium

'. Sporangium

Sporophyll

,.
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Order : Selagenellales

The order comprises of two families. Miadesmiaceae and Selaginellaceae (G.M. Smith,
1955). But many authors place Miadesmiaceae under Lepidodendrales.

The family Selaginellaceae has two genera Selaginella (living) and Selaginellites (extinct).

Selaginella

(1) The members are herbaceous sporophytes with mono morphic or dimorphic, ligulate
microphyllous leaves.

(2) Roots are produced from rhizophores.
(3) Members are heterosporous. '

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 under growth 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. Selaginella
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lepidophylla and s.. rupestris. These grow on dry rocky chiffs or on soils that are sandy and

periodically become dry. Some Of the members (e.g. S. oregana) are epiphytic.

Morphology of the Plant

The stem is soft, herbaceous and branched. It is prostrate (heterophyllum) erect or suberect
(homophyllum). The branching may be dichotomous or lateral. On 'the st~m are found the leaves
which are small measuring a few mm in size. The arrangemerit of the leaves is spiral in the section
Homeophyllum (Fig. 15.22). 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 leave's are simple and lanceolate to oval in shape. In all the species the leaves on
their adaxial surface bear a membranous outgrowth the ligule (Fig. 15.23). '.I
Fig. 15.22 Selaginella kraussiana. A.
porophyte with strobili,
rhizophores roots, ligules, leaves etc.

! .. ~

,: '

Fig. 15.23 Selaginella ""aussiana. A, sporophyte develoJ
from a megaspore with strobili, rhizophores, roots, leaves etc.

: -.



1M. Sc. BOTANY:: PTERlDOPHYT~ . _ .' 15.30 LYCOPSIDA)

,

I
!
I
i ~~~~~~I "T

i
. "

.: ". )',

,
I
I
I " .
i

(""

Fig. 15.24.~el(1gihella spp. Vegetative propagation. A, plant developed from a tuber in
. S. chrysorrhizos; B, portion of s..chrysocaulos showing a resting bud.

4. Internal Structure

Stern: A transverse section of the stem shows three main regions namely epidermis, cortex and
stele.

i) Epidermis: Epidermis is single layered. the cells are closely packed and there are no stomata.

ii) Cortex: There is some amount of variation in the composition of cortex. It may be wholly
parenchymatous as in the stems of some' delicate species (Sjlabellate) or partially
sclerenchymatous with the hypodermal region is occupied by sclerenchyma (S kraussianai. In
some xerophytic species like S rupestris and S lepidophylla.. The cortex is mostly
sclerenchymatous.

iii) Stele: The stele IS prostelic, it has an outermost endodermis followed by pericycles .and
vascular tissue.

The endodermis in Selaginella is rather pecular. It is called trabecular because of the
radially elongated nature. In some species such as S. rupertris andS. lepidophylla, the endodermis
is normal as in other .parts. But in a majority of the species, the endodermalcells get detached
laterally. At that time, a lacuna is formed between the cortex and the stele due to the rapid,
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. 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 trabecular (endodennal
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
kraussinai , the stem has more than one independent stele (poly stele). Sometimes as many as
sixteen steles have been i~----~~-' l
recognised running parallelly in ! , ,
the stem. I '-

! Epidermis

I

I

The xylem is exarch and
may be diarch or polyarch (S
spinulosa). In some of the
trailing stems of S. spinulosa, the
xylem is endarch. In S
laevigata, the stele may show
polycyclic solenostelic condition
and in some cases the stele may
break up into several meristeles.

The xylem mostly consist
of tracheids with annular and
scalarifonn thickenings. But
some species (S oregana, S
densa) are unusal in having
vessels (Duerder, 1934). These
vessels are of the porous type
originated by the absorption of
pit membranes in the
sclarifonnly pitted tracheids
(Fig. 15.25).

~w~~1P7 Stales,

Cortical Cell

Fig. l5.25. Selaginella : Internal Structure of stem
A, Ground Plan, B, A Sector enlarged, C. Development of Trabeculae

(early stages); Note the normal endodermal cells

Pericycle
Tra~culae
(EnoOOermiS)

protoxylem , '

c

iv) Root: A r?ot in a transverse section reveals an epidern1is, 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

I
L ~-------------------------~--~

B
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composition of the cortex. In S. willden on ii, 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.

The stele is protostelic with monarch and exarch xylem. Surrounding the xylem is the
phloem. The pericycle is one to three layered. The endodermis mayor may not be well defined.
The endodermis mayor may not be show the trabecular nature. According to Webster and Steves
(1963) trabeculae of the root are not endodermal, instead they represent the inner cortical cells.

l

Epidermis

Sclerenchyma

cortex
Xylem
Phloem

Sclerenchyma

Corte7

Endodermis

Phloem

Metaxylem

.~ Proloxylem

Fig.15.26 -Selaginella : Internal Structure of Root
A. Ground Plan, B. A Sector enlarged

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 !"
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monostelic. The stele is always a protostele with some variations in the architecture of xylem. The
xylem is usually monarch and exarch.

~pidermjs
SC/E!rerichYma
Cortex -

Protostele

Epidermis

SclerenChyma

Cortex

Metaxylem

"'PrOloxylem

-- -------------------"

Fig. 15.27 Selaginella : Internal Structure of Rhizophore
A. ground Ploan, B. A Sector enlarged

Reproduction .-, ..• , .
~., -: -, .' '.

-,

The sporophyte reproduces by vegetative propagation as well as by Spore production.

I. Vegetative Propagation

a) 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 connections
from the mother plant and develop into new individuals.
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b) Tubers: These may b~ul1derground or aerial. In S. chrysorrhizos they are formed at tips of the
underground branches that arise from the stem.

II. Spore bearing org3I,Is '

The spore bearing organsviz.ithe spor6phylls
are aggregated intovstrobili, 'at'thetips of the
branches. Selaginellais heterosporous andusually in
the strobili both megasporophylls 'and
microsporophylls are, fortned(S. kraussiandi. But in
species like S. guassilis each strobilus has only one
type of a sporophyll. ' Even when the strobilus
consists of two types of sporophyllsithere is
considerable variety in their distribution. In S.
orgena, one side of the, strobilus has micro
sporophylls and the other sidemegasporophylls. In
S. kraussiana there is a single megasporophyll at the
base and the rest are microsporophylls. , In some
instances, the tip of the strobilus may continue to
grow and produce a vegetative shoot (Fig. 15.28) ..

..~.. Fig. 15.28 Seiaginella : Apex of Strobilus
Growing into a Vegetative Shoot

A long section of. the strobilus 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.

" , .,.

There are two types of ''Sp6~angia namely, megasporangia and microsporangia. The
megasporangia have less number of larger spores which develop into female gametophytes, whreas
the micro sporangia have largenumber of smaller spores which develop int,o male gametophytes.

". ;J " . , .~,



--
!ACHARYA NAGARJUNA UNIVERSITY 15.35 CENTRE FOR DISTANCE EDUCATlON!

Fig. 15.29. Selaginella : L.S. of Strobili showing variety in Sporangial Arrangement
A. S. kraussiana, B. S. inaequalifolia

Strobilar axis ~~~

Ligule

Megasporophyll

A B

a) Development of Sporangia

The early stage of development are similar in both micro- and megasporangia. The
differentiation into micro and megasporangia starts only at the spore mother cell stage.

The sporangial development is of the eusporangiate type. There are however some
differences of opinion with regard to the member of cells that go to make up the sporangium. Lyon
(1901) opines that in S. apus and S. rupestris a single superficial cell gives rise to the sporangium.
According to Bower (1908), a developing sporangium in a radial section shows only two superficial
cells in S. martensii and S. spinulose. But he says the two cells in reality represents two tangential
rows of initial cells.

the sporangial initials arise in the axil of the sporophyll. But it is possible that the initials
may arise on the axis a little above the insertion of the sporophyll.

. The sporangial initials divide periclinally to form an outer row of jacket initials and an inner
row of archesporial cells. The jacket initials divide anticlinally and periclinally to form a two .
layered jacket. Meanwhile, the archesporial cells divide in all the planes to produce a mass of
sporogenous cells. The outer most layer of the sporogenous cells distinguishes itself into tapetum.
The tapetum has papillate cells and persists till the maturation of the spores.
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Fig. 15.30. Selaginella: Development of Sporangium (long sectional views)

Sporogenous tissue- Sporangia I wal-I

b) Micro sporangium: If a sporangium is destined to become a micro sporangium, most of the
cells of the original sporogenous mass except for 10-20% survive, undergo reduction division and
produce tetrads of haploid microspores (Fig. 15.31).

Archesporial initial

-c) Mega sporangium: If a sporangium is to develop into a megasporangium, generally most of the
spore mother cells except for one, degenerate. There are however, variations in this. In some cases
2-6 megaspore mother cells may function. There is variation in the number of megaspores in a
sporangium. Generally four megaspores are produced by the reduction division of a megaspore
mother cell. But in S. monospora, there is only one megaspore in the sporangium (Fig. 16.10).

6. Gametophytes

The spores are of two types, nar - rnicrospores and megaspores. The former develop into
male gametophyte while the latter develop into female gametophyte.
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Megasporangium

I'

Fig. 15.31. Selaginella : Structure of a Mature Microsporangium (A) and Megasporangium (B) .

.' ,

:, Structure of the Microspore and Development of the Male Gametophyte
' . -.:. -

The rnicrospores are very minute in size and range indi~meter from ,0.015 to 0.05 mm.
Soon after separation from the tetrad they will be triradiate but .gradually assume a subspherical
shape. The spore wall is two-layered. The outer exine (exospore) isvery thick and is sculptured.
The inner intine (endospore) is thin and delicate. The spore consists of reserve food material in the
form of oil globules and nitrogenous material (Fig. 16.11).

I
I

I A
Fig. 15.32 Selaginella : Spores of.S. kraussianaXss. Microspore Tetradand Microspore,

The spore germinatesand the developmentofthem~\I~o>gamefOphyt~ begins even before the
sporangium dehisees. Generally, the male gametophyte develops 'insini' uptothe thirteen celled
stage. So when' the spore liberation takes place actually. it is the liberation of incompletely
developed male gamet~phyte. . " "
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The first division results in the formation of small lenticular cell, the prothalial cell and a
larger cell the antheridial cell., The prothallial cell does not divide further. It is the sole
representative of the entire vegetative tissue of the male gametophyte. .,.•.

The antheridial cell divides vertically to form the two primary cells of the antheridium. At
the stage, there are three cells in the gametophyte. The primary: antheridial cells next divide by
means of a curved transverse wall, HS a result there will be four antheridialcclls. So at this stage

.' ',' there are five celIs in the garnetophyte.,-----------'-'----'----'--,--"----' --,-_ .•._.,

I

·1
I Fig. 15.33 Selaginella kraussiana. Development of the
I-:mal!;, .garnetophyte, A-G,., successive stages in

. I development of microgametcphyte; HI mature male
-'--- -,+-._-, garnetophyte with antherozoids. '

A

, ANDROCYTES.

.'t

,. Of the quadrarit of cells, the lower two
do not divide arid they constitute the cells of the
jacket layer of the antheridium. The upper two
cells divide by means of a curving vertical wall
to form two smaller distal cells and two larger
cells. The two smaller 'cells do not divide
further and develop into the jacket cells. At this
stage, the gametophyte 'has seven cells. The two
larger cell divide again' by means of a curving
wall and the gametophyte now consists of nine
cells: Of these nine cells, there, will-be. one
prothallial cell, four jacket cells and four
,antheridial cells. The four .antheridial cells
undergo periclinal divisions to form a central
group' of -four cells surrounded by eight
peripheral cells. At this stage; the gametophyte
consists of thirteen cells (one prothallial,' four
primary androgonial cells and four jacket cells).
The peripheral cells are the jacket.cells and the
central group of four cells constitutes the

.:i primaryandrogonial cells. The four androgonial
I cells dividesvseveral times to form a total

'1 number ~ of 256 androcytes, each of which
metamorphosis ',into an antherozoid. The
antherozoids are spirally coiled and biflagellate.
At' this stage, the jacket breaks open and the
antherozoids come out in a mass (Fig. 15.33).
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ii) Structure of the Megaspore and the Development of the Female Gametophyte

The megaspores are much bigger in size than the microspores and range in diameter from
1.5 - 5 mm. When they are in tetrad the spores have a triadiate shape, but become subspherical on
separation. The wall of the megaspore is very thick and consists of a sculptured exine; a middle
mesospore and a thin intine. The cytoplasm consists of reserve food in the form of oil globules and
nitrogenous material.

In a megaspore which is about to germinate, the exine .xpands much faster than the
meso spore, so that the two get separated except at the apical region It is believed that this space is
filled with fluid containing plastic materials.

Megaspores
~---------------------------------------------------.

Nucleus

Fig. 15.34 Selaginella : Spores of S. kraussiana C-D. Megaspore Tetrad and Megaspore

The first sign of germination is the division of the megaspore nucleus. There is no wall
formation. The free nuclear divisions continue to form a large number of nuclei. To start with the
nuclei are arranged in the peripheral cytoplasm with the central region being occupied by the
vacuole. Gradually the peripheral cytoplasmic layer extends to the centre so that vacuole gets
obliterated. At this stage, there is more concentration of the nuclei and cytoplasm at the apical
region than that in the basal region. Ir is in the apical region that cell wall formation begins. To
start with, a single layer of regular hexagonal, un i-nucleate cells is formed. .

Development of the Archegonium

All of the superficial cells of the apical cushion are potentially archegoniate, however only a
few archegonia are produced. The archegonial initials divides periclinally to form a lower central
cell and a primary cover cell. The central cell is separated from the diaphragm only by a single
layer of cells. The primary cover cell divides twice anticlinally where the second division is at right
angles to the first one to form four ieck initials. Transverse divisions in the neck initials form a
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short, two celled high neck. Meanwhile, the central cell divides transversely to form a primary
canal cell and a primary ventral cell. The former does not divide further and forms a neck canal cell
while the latter divides once transversely to form a venter canal cell and an egg cell. Meanwhile,
the neck canal cell and the venter canal cell are disintegrated, the terminal cells of the neck become
separated, leaving a free passage for the entrance of anthrozoids (Fig. 15.34).

NUCLEUS EXOSPOp PRIMARY PROTHAlLUS

li'j,g. 15.34. Selaginella kraussiana. A, T.S. of megaspore; B, L.S. of old megaspore; C, L.S. of old
tY,egaspore before the appearance of the diaphragm; D-G, successive stages in the development of
~J;Ghegonium;H, mature archegonium.

20),"
~"
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Fig. 15.36. Selaginella. Structure of archegonium

Fertilization

remains of neck
canal cell

remains of
ventral canal

cell

'to.::.:.:~,.)·.'.7,r~-nucleus

According to Bruchmann (1912), the fertilization may take place while the
megagametophytes are still in the megaspores situated in the megasporangia which may have fallen
on the ground. The water is essentially required for the fertilization. After shedding from the
microspore, the antherozoids come in contact of the female gametophyte and approach the
archegonia. The antherozoids swim down in the neck of the archegonium through themedium of
water and approach the egg. Only one antherozoid penetrates the egg and the fertilization is
effected. With the results, the Oospore is formed after fusion.

Development of Embryo

As soon as the fertilization is over the zygote secretes a wall around it and develops into an
embryo. First of all, the zygote divides by a transverse wall giving rise to two cells. They are called
the epibasal and hypobasal cells. Here, the further development of the embryo has been discussed
of Selaginella martensii. The upper epibasal cell develops into a 'suspensor. Where as the
hypobasal cell forms all the other parts of the embryo. The hypobasal cell divides vertically and
this way two cells are formed. These two cells again divide by a vertical division and four cells are
resulted, Otl~.of these four cells, divides diagonally by a vertical division forming the apical cell of
the' stern to be developed. Rest of three cells and the sister cell of the apical cell together divide by
~.t~aI?-syyrse,~ivision, this way two upper and lower tiers of four cells each are formed.' Now the
'cells of both these tiers diyide again and againvertically.and transversely. There is more active cell
division in one of the lower quardrants, and this leads: to the formation of ~he foot of the embryo.
The foot acts as haustorium and absorbs .food . for the embryo from the gametophyte.
Simultaneously a superficial cell, in each of the two diagonally opposed .quadrants in the upper tier
begins to function as the apical cell of a cotyledon. Both these apical cells develop two identical
cotyledons .. These cotyledons possess ligules unlike the leaves near their bases. Along with the



1M. Sc. BOTANY:: PTERIDOPHYTA LYCOPSIDA!15.42

Fig. 15.37. Selaginella sp. Female gametophyte.
A, splitted megaspore showing rhizoids,
prothallus and archegonis; B, a part of the female
gametophyte with diaphragm, rhizoid and young
embryo; C, detailed structure of archegonium
with young embryo.

Idevelopment of the cotyledons, the apical cell I
of the stem divides actively. The portion of I
the embryo found just behind the cotyledons I
develop into the hypocotyledonary portion of !

Ithe stem. I

ARCHEGONIA
~--FEMAlE

PROTHAU,US

J-/f>~'t:H"t:t-':lffi!-EMBRVO TUBE C

FEMALE PROTHAU,US B
As soon as the development of the

cotyledons and the stem apex has begun, an apical cell differentiates from a superficial cell situated
on one flank of the foot. The segments cut off from this cell develop into a root-like structure.
According to Bruchmann (1909, 1912) this structure is considered to be a primary rhizophore,
Later on from this primary rhizophore, the primary root comes out. '

,
, .

COTYLEDON

,MEGASPORE
A

Fig. 15.38. 'Selaginella.~' A, Young
sporophyte of S. kraussiana still
attached to 'the megaspore';" B,
somewhat' older sporophyte "showing
the dichotomyof stern; 'c, portionof a

[
' strobilus of' S.;~pes'{rii'with"'young
sporophytes~, ' , Y',', .'. ','.':

I, ',',""
i .. ~. L•• ~ • ~ " .'

L-___''~-----"~~- _ _=-_-- ..- ,, .....Ji,

, \

.t <, \
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I

SUSPENSOR

SPOROPHYTE (2X)

GAMETOPHYTE(X)

Fig. 15.39. Selaginella sp. Diagrammatic life-cycle. A, sporophyte with spikes and rhizophore; B,
L.S. of spike; C, megasporangium with megaspore mother cell; D, inicrosporangium with
microspore mother cells; E, megaspore mother cell;F, microspore mother cell; G, megaspore
tetrad; J-I, microspore tetrad; I, megaspore; J, microspore; K, developing microgametophyte; L"
megagametophyte; M, microgametophyte; N, archegonium with egg; 0, antherozoid; ,~. egg; Q, c'

oospore; R, embryo; S, young sporophyte. ,

.; -,' .. '$"0'.
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'MaRd, SELAGIN'LLA ~-

/ ~~~ .

. OOSPORE \ \.

/ t MICROSPOROPH~ll' .

• MEGASPOROPHYLL

FERTILIZA nON \
(SYNGAMY) -r,oo MICROSPOR.~NG!UM ; .

- - \ANTHEROZOIOS - ~,~~)).yh.. j, MEGASPORAN.GIUM
'. ~ -1tf"'~ MICAOSPORe---'

ANTHERIDIUM l'o))~,~-tMOTHER CELLS' ,
EGG" '/J.-r. ',MEI6sIS RID MEGASPORE

'tt :MALE GAMETOPHYTE ~ -t)t.<... IMOTHER CELLS
'\. ~MICROSPORES <, __;'O~s..3iE _

ARCHEGONIUM MEGASPORES

'-- FEMALE ~ .
GAMETOPHYTE

Fig. 15.40. Selaginella sp. Graphic life-cycle

Order: lsoetales

Apart from the fossil genus Natherstiana, the Isoetales contain only the two living genera
Isoetes and Stylites.

The genus Isoetes is world-wide in distribution, some 70 species being known, of which
three occur in the British flora and arc commonly called 'Quillworts'. I lacustrips and I
echinospora grow submerged in lakes or tarns, while I hystrix favours somewhat drier habitats.
Most of the platn is below the level of the soil, with only the distal parts of the sporophylls visible.
These are linear structures from 8 to 20 em long in J lacustris, but upto 70 em in some species
growing in N. America and in Brazil. They constitute the only photo synthetic parts of the plant
and, as in many aquatic plants, they contain abundant air spaces (lacunae). The expanded bases of
the sporophylls are without chlorophyll and overlap one another to form a bulb like structure which
surmounts' a peculiar organ, usually referred to as a "corm". The true morphology of corm has long.
been the subject of controversy, for it is obscured by a remarkable process of secondary growth,
involving an anomalous cambium. This 'produces small quantities of vascular tissue from its inner
surface and large quantities' of secondary cortex towards the outside. This secondary cortex dies'
each year, along with the sporophylls and roots attached to it, and it becomes sloughed off when the'
new year's growth of secondary cortex is produced. Vertical growth of the corm is extremely slow,
with the result that the body of the plant is usually wider than it is high. Fig. 15.41F is a
diagrammatic representation of a vertical section through an old plant of Isoetes. To the right and
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left are the shrivelled remains of the previous year's growth, the several sporophyll-traces and root-
traces being visible within it. All the rest represents the present year's growth surrounding the
perennial central regions. Occupying the centre is a solid protostele, the lower part of which is
extended. into the upwardly curving arms, so that the over all shape resembles an anchor. This is
made up 'of mixed parenchyma and peculiar iso-diametric tracheids with helical thickenings.
Towards the outside, the trachieds are arranged in radial rows but, nevertheless, they are of primary
origin. Surrounding this, primary wood is a narrow zone of phloem and outside, this is the tissue
produced centripetally by the anomalous cambium. This commonly consists of a mixture of xylem,
phloem and parenchyma and is described by the non-committal term 'prismatic tissue'. Roots
arises endogenously along the sides of this groove in a very regular sequence and are carried round
on to the under-sides of the newly formed cortex. The stem apex is also deeply sunken between the
'shoulder's of the corm and is said to contain a group of apical initial cells. Sporophylls arise in
spiral sequence and, as new secondary cortex is formed, they are carried upon to the shoulders.

The general appearance of the base of a mature sporophyll is indicated in Fig. 15.41 I, and
H, representing a longitudinal section and an adaxial surface view respectively. The sporangia of
the Isoetales are larger than those of any other living plant and have a very high spore content
indeed. The sporophylls formed earliest in the year and which, therefore lie outermost on the apex
of the corm are megasporangiai and contain several hundred megaspores. Those formed later are
microsporangial and are estimated to contain upto a million microspores each. Finally, a few
sporophylls with abortive sporangia are produced late in the season.

There is no special dehiscence mechanism -and the spores are released only when the
sporophylls die and decay, as they become sloughed off at the end of the season. The first cell
division within the microspore is an unequal one which cuts off a small 'prothallial cell'. The other
cell is called the "antheridial cell" since, by succesive divisions (Fig. 15.42 M and N) it gives rise to
a jacket of four cells surrounding a central cell from which four antherozoids are formed (Fig.15.42
0). These are spiral and multi flagellate and are released by the cracking of the microspore wall.

The female prothallus likewise is endosporic. Within the megaspore, free nuclear divisions
take place for some time i.e., nuclei continue to divide without any cross-walls being laid down
between the. Then, when about fifty such nuclei have become distributed round the periphery of
the cytoplasm, cross-walls are slowly formed, starting in the region immediately beneath the tri-
radiate scar; but gradually spreading through out. Mean while, the mega spore wall ruptures at the
triradiate sear and an onehegonieum isformed in the CaB of cellular tissue which is there by
exposed (Fig 15.42 QRS). If fertilization does not occur-immediately, further archegonia may
develop among the rhizoids that cover the apex of the gametopliyte.

Stages in the development of the young sporophyte are illustrated in Figs. 15.42 T-Y, in
which the megaspore is supposed to be lying on its side, as is commonly the case. The first
divi~i9? of the zygote is in a plane at right angles to the axis of the archegonium, or slightly oblique

0
.';.[.

to ittha.t p.<ln of the embryo formed, from the outermost half, designated 'the. foot,' is' impicated in~!;
the figuresby oblique shadirig. As growth proceeds, theorientation of the embryo changes so that:;~:.t 1-:~1~ • ..- d.': ,:_,_. ::.i.!~ r -: t to
the first leaf and the stem apex are directed upwards, while the first root Is,dIrecte,~L9bliqueI}\+!."
downw~ids: It is of interest that there is no quadrant specifically destined to produce ;>~{emapex:; J
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and that it appears relatively late ina position somewhere between the first leaf and the first root. In. .
some species, there are no clearly defined quadrants at all.

Despite the absence of a suspensor, the embryology of Isoetes may be described as
endoscopic, For some time, the young embryo continues to be enclosed within a sheath of .

\ prothallial tissue which grows out round it, but ultimately the various organs break through and the
first root penetrates the soil.

.r.

, , r ~ I ' . , ,"

Fig': 15.41 (A::K). Isoefes (A-J}and Stylites (K), morphology and anatomy of sporophyte, A; habit,
1 engelman~<B, v.s. pI,ant in t~~ plane of groove (illustrating fo~ and structure), C, 's~rface view
o~ leaf sho~~~¥, ligule~d spor~!l~ium. D, I.s..of spo~ophyll ,sh~~in~ ligule! velum and ~pqrangium
WIth trabeculae. E, basal View of plant showing lobes, arrangement and order of roots. F, v.s. of

--1.t I -, "'!', ~ , ,~ . . . , ,
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plant showing sloughed off cortex (heavily stippled), G, diagrammatic representation of stele. H, I,
t.s. upper and lower portion of axis of I. nuttallill pasing through stele. J, v.s. root 1. nuttallii. K. 1.s.
young plant of Stylites. (Figures adapted from A, B, C,F, G, Eames; E, West and Takeda; H,I,J,
Smith; K, Rauh and Falk).

A -
1~-20

---

~(fi?~
~T U V

Fig. 15.42 PleuromeIa; A, reconstruction, Nathorstiana; B, reconstruction.' Stylites.rC, l.s. young
plant; Do I.s. older plant; E, I.s. stele. Isoetes: F, 1.s. old plant (semi-diagrammatic); G, I.s. stele (at
right angles to F); H, leaf base (adaxial view); I, l.s. leaf base; J-L, deelopmentof leaf, M•.O,
development of male prothallus; P, antherozoid; Q, R, S, development of archegonium; T':..X,
development of young sporophyte; Y, megaspore with female prolillallus and young sporophyte t~
(1, ligule; 2, velum; 3, sporganium) (A, after Hirmer; B, Magdefrau; C,D, Rauh and Falk; F, based
on Eames; J, K, Bower; M,N, 0, Liebig; P, Dracinschi; Q, R, S, Campbell; T-, La Motte)
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9. Summary
The outstanding features of this family are a dichotomously branching stem. Small leaves,

which may be indefinite in arrangement, with unbranched medium and small traces which leave no
gaps, sporangia which are either foliar or cauline, spores of one type only, a stele which is
fundamentally without pith, and xylem which is exarch or mesarch, sunken antheridia, variable in
size and shape, archegonia with long necks and several neck canal cells, biciliate sperms, an
embryo without a root quadrant and with a weakly developed suspensor.

Isoetes is clearly a remarkable genus, not only in its peculiar method of secondary
thickening, but also in the fact that all its leaves are, at least potentially, sporophylls. For this
reason, some morphologists regard the upper half of the corm as representing a cone axis. The
lower half they regard as a highly reduced rhizomorph, homologous with Stigmarian axes, and this
is supported, not only by the regular arrangement of the roots on the corm, but also by the
extraordinary similarity of the roots to Stigmarian rootlets internally. If this view is correct, then
the stem, as such, must have become completely suppressed, along with its leaves.

10. Self Assessment Questions
Essay Type Questions:

1. Gametophyte of Lycopodium .
2. Describe the external morphology of sporophytes of Lycopodium and give internal structure of

stem, root and leaf.
3. "Evolution of Stele" in Lycopodium species.
4. Describe the structure of the strobilus and the development of sporangium in Lycopodium.
5. Give a brief account of the life - history of Selaginella
6. Deseribe the development of gametophyte of Selaginella
7. Give an acoount of the morphology structure and position of Isoetes sporangium
8. "Heterospory and seed habit" discuss

Short Questions:

1. Siphanostele
2. Lycopodium cone
3. Soleno stele
4. Anatomy of Lycopodium stem
5. Phylloglossum

Reference Books
.}. Introduction to Pteridophyta - S. Sundara Rajan, 1994. New Age International Publishers
i- Limited, Wiley eastern Limited .

. ),. An Introduction to Pteridophyta - Rashid, A. 1976. Vikas Publishing House Pvt.Ltd.
f".Ji' College Botany, Vol.1I - B.P. Pandey, 2003. S. Chand & Company Ltd., Ram Nagar, New Delhi.

. 4. The !\1.()rphology of Pteridophytes - K.R. Sporne
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1. Introduction
.. ':'

Members of sphenopsida are commonly called HOF~e tails because the crowded
secondary branches arising on the :stem., The group includes liiling as well as extinct members
which are well defined. Geologically the history of sphenopsida extends to the devonian period.
The present day sphenopsida includes only one-living genus Equisetum.

;/" I ',.:' , ~f/;~;(,
The sporophytic plant body consists ofa jointedaxis (Arthrophyte) differentiated into

nodes and internodes. The leaves are extremely'. reql}e.e,¢'1nd show a whorled phyllotaxy. The
sporangia are borne on a peltate appendage called.r'sporangiophorc'. The sphenopsida are
divided into four orders viz., Hyeniales,{,s,phel)ophyllales, Calamitales and Equisetales.
Calamitales includes members like calan1,ii~S;:Ariri~laria, Calamostachys, Palaeostachys etc.
Equisitales includes two members viz., Equisetit~:s~,(f6~~tl)and Equisetum, '

, •.~_"-t..-':t

• .j rt I, .. g~'
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(
2. Sphenophyllales

Sphenophyllales represent a small and compact group of sphenopsida. They have left no
surviving representatives. The geological history of Spenophyllales dates back to a time earlier
than carboniferous period. Some .of the genera like Sphenophyllurri appeared udring devonian
reaching maximum development during carboniferous period. A few of these Sphenophyllales
survived upto triassic.

The principal genus of the order isSphenophyllum. The compressed fossils of the plant
body have been found extensively scattered in.' coal 'bearing formations belonging to the
carboniferous period.

The plant body of Sphenophyllum was small and herbaceous. There is a high probability
that the plant had a climbing habit. While, some of the morphological features indicate an
aquatic habitat,' anatomical features.however, point out to a terrestrial habitat. The plant body
consisted a main stem which was slender and jointed, rarely exceeding 5 mm in diameter. In its
externals the stem' recalls what is Seen in Equisetum. The stem was ribbed which did not
alternated nodes.

Fig. 16.1 Sphenophyllum : Plant Body of S. cuneifolium (Reconstruction)
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Leaves which are so typical of Sphenophyllum were present in clusters at the nodal
regions. At erich whorl, the number of leaves ranged from 6 to 9. Occasionally the number went
up 18. the leaves were crencate and the apex variously modified. In S. emarginatum the leaf
apex had rounded teeth, while they were pointed in S. cunifolium and S. majas. The leaves had
vains with dichotomous branching; each branch terminating in an apical tooth.

Anatomy

Anatomically the stern showed the occurrence of secondary growth. In some of the
details of stem anatomy, sphenophyllum resembled calamities. The central pithwas completely
absent. Instead, the central region was occupied by a triradiate exarch xylem mass. Secondary
xylem formed a thick sheath surrounding the primary xylem.

Cortical region exhibited a conky tissue indicating the activity of phellogen. The
phellogen probably arose deep in the primary cortex (Fig. 16.2).

Epidermis

Vascular bundle

Fig. 16.2 Sphenophyllum : T.S. ofleaf

Roots

The plant body was anchored to the soil with the help Of adventitious roots that arose at
the nodal regions. Anatomically the roots resembled the stems, except that the former had a two
angled xylem. Secondary growth was also seen in roots (Fig. 16.3).

Reproduction
-. ~..~

Spenophyllum reproduced by means of sporangia borne on sporophylls. The sporophylls
aggregated to form long and slender cones terminating the stem apex. The cones which are of
ten given the name Bowamanites had a central axis on which at their base to form a saucer like
structure. The sporophylls had two parts namely an adaxial fertile part and an abaxial sterile
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part. the sporangia were borne on the fertile part either singly or in pairs. IIi some cases, the
fertile lobe had two are three branches each having one to two sporangia. The number and
arrangement of sporangia on the lobe are taxonomic features used in the categorisation of the
species.

Fig. 16.3 Sphenophyllum: T.S. of Root

The sporangio had a stalk which was highly reduced. Most of the species of
sphenophyllum were homosporous. Some species could have been heterosporous.

'F' I
? '"lg. 1?.4 Sphenophyllum : L.S. of Strobilus (A) and Top view of the same of S. dawsonii (B)
f.'l,! • , "
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Pbylogeny

The sphenophyllales constituted a characteristic and compact group of plants in the
paleozoic area. It is very unfortunate from the phylogenetic point of view that there are no
extant representatives of this' group. In spite of this, however their affinity to Equisetales is
beyond doubt.· In the habit of the plant body (ridge stem',' whorled leaves and strobili) ..
Sphenophyllales clearly recall the present day Equisetum.v In the stem anatomy, however
Sphenophyllales differ from Equisetales, in .having secondary, growth. In this respect they are
similar tocalamitales. One of the unique features of sphenophyllales is the division of the
sporophyll into sterile and fertile appendages. . ' .

In mapy of the features morphological,anatomical and reproductive sphenophyllales,
represent a very highly specialised group which is uncommonto an 'early era like palaeozoic.

The classification of sphenophyllales however does not pose a major difficulty. All the
features clearly point out to the inclusion of sphenophyllales among other articulates.

3. Calamitales

Introduction

The family' calamitaceae consists of several genera like calamities, calamostachys etc.
Geologically the family is tracheable to upper devoniano Fossile evidences indicate that the
calamitaceae reached maximum development during carboniferous period and be came extinct
early in Triassic, Together with giant lycopods, the giant horse tails formed the familiar part of
the carboniferous vegetation.

External Features

The calamitean fossils range from pith casts, stems, twigs and leaves t,o st~obili. The
stem is mown as calamities (Suckow, '1784), leafy twigs are calledAnnularia and fructification
is known as calambsfachys.· . ' , ,

The plant body of calamities was a tall treegrowing to a height of 20~30 metres. The
plant had an underground prostrate rhizome, The rhizome was 'differentiated into nodes and
internodes and had a whorl .of adventitious' roots each node'.' .From the upper surface of the
rhizome arose a number of aerial .shoots. Some of these aerial.shoots 'produced roots' at some of
the lower nodes, indicating that, rhizome grew at some' distance. beJo'w' the surface of the soil.
Erect shoots were constricted at the point of-their junction tothe ~hizome. TI1e branching '\Vas
conspicuous in the' aerial shoots which had whorls of branches-at th~ nodal region': '. . ... :

:~i'··l· ,;' .~.;;.~'.~.~ \,~~". ..'(.ft

" "
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Fig.,16.5 Calamites .-Reconstruction of Plant body, :',
,-

.'0, The-mode of branching .is varied, .and it.,.i~.used as a criterion -in classifying the .genus.

.•Based on ~b,e.branching pattern three suQ:\genera. have been founded, __.In stylocalamites, _the
branches are few and. scattered., In calami tiner )Vhor.\~,of branches are. present. only ~t:eertain
nodes. Eg. C. cendulatus. III Eucalamities, branches are borne at every node, ego C. cerinatus
and C. cruciatus-:

".: - ", ", ."
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The lateral branches of the aerial shoots in some cases persisted for a long time and were
as thick as the main axis giving the familiar appearance of the present day Equisetum but much
larger in size.

The surface of the stem had longitudinal ribs alternating with the grooves. But in some
instances the ribs of the successive internodes were directly above instead of alternating with one
another.

Internal Structure

(i) Stem..Anatomically, the stem of calamities showed an epidermis, cortex and steale. In the
young sterns the cortex had an outer sclerotic zone and an inner thin walled parenchymatous
zone. There were no Nallecular canals as in Equisetum. The stele was siphonostelaic. In the
central region, there was a parenchymatous pith at the nodes, but represented by a central cavity
at the internode. The vascular bundles had collaterally arranged xylem and phloem. The xylem
was endarch. The tracheids had scalarifonn thickenings in metaxylem but annular and spiral
thickenings in the protoxylem. In each vascular bundle there was a carinal canal formed by the
dissolution of the protoxylem elements. <.

A
Carina! Canal 8

..'

Fig. 16.6. Calamites: Anatomy of Stem (after secondary growth)
A. Fround Plan of Cross Section, B, A Sector enlarged

Secondary growth in the stern took place by the activity of a cambium. The cylinder,
attained a thickness of 6 em or more due to the secondary growth. The secondary woo did not,
show the differentiation of annual rings. These point out that the plant had an evergreen foliage;
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and there was probably no seasonal variation in a year which is responsible for the annual ring
formation. Secondary xylem l~~dscalariform and pitted tracheids.

Secondary growth also took place in the cortex producing periderm of several
centimeters in thickness.

(ii) Leaves: The leaves of calamites are given the name Annularia. The foliage was found
mostly on the smallest twigs. They were whorled in arrangement. Each leaf was linear or
lanceolate, had a single vein and ranged in length from 4 mm to 5 mm.

(Hi) Roots: Roots of calamites are called Astromyelon. Internally they had a direct triarch
xylem with centripetal protoxylem. A cambium was present in the root, but produced only a
limited quantity of secondary wood.

ria

(iv) .Strobili: The strobili associated with the calamitean stem are given the. name
calamostachys.· in this, the strobilus had a central axis bearing a whorls of sporangiophores.
Alternating with the whorls of sporangiophores were whorls of sterile appendages called bracts,
The sporangiophores were whorls of sterile appendages called bracts. The sporangiophous had
cruciately branched apices. The tip of each branch recurved towards the strobilar axis a~d had a I

. sporangium at the tip. The genus calamostachys had both homosporous and heterosporous
species. The strobilus had both the types of sporangia in heterosprous forms. I
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Bract

I

I B ,
i I
IL ""?" 1

Fig. 16.8 Calamites: Reproductive Structure. Comparison of
Strobili of Palaeostachys (A) and Calamostachys (B)

·4. Equisetales
5. Characteristic features

1. The sporophytes possess distinctly articulated stems.
2~ The ridges and furrows present on the internodes of the stems.
3. The stems mayor may not be branched at the nodes. If branched, the branches are present in

the whorls alternating to the leaves .
.4. The leaves are scale-like. They form a toothed sheath around each node of the stem by their

lateral fusion.
5. The stele is siphonostelic. It consists of a number of collateral vascular bundles in the

internode which however, join to each other forming a continuous ring at each node.
6. The sporangia are borne on the under side of pellate sporangiophores.
7. The sporangiophores are arranged quite close to each other in terminal strobili or cone-like

structures.
8. The antherozoids aremulticiliate.

6. Occurrence and Distribution

The genus comprises of about 25 species. They are world wide in distribution, however
no. species have been recorded from Australia and New Zealand. They grow ina variety of
habitats .. Majority of the species are found in north temperate zone. On the other hand, many
species-are tropical and found in South America and West Indies. The common Indian species i
are E. debile, E. arvense and E. ramosissimum. Certain species grow in ponds and marshy
places, e.g. E. palustre.vscuv: species are shade loving and grow in damp shady places e.g. E.
pratensewhere as some other species grow in exposed conditions. E. arvense is very widely
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distributed E. debile is found along the banks of the rivers, canals and pools in the Indian plains.
They are commonly known as horse tails.

Equisetum

7. External characters .

i) Habit: About all the species of Equisetum are perennial. They bear much branched,
horizontal, creeping and subterranean rhizomes which sometimes penetrate 3 or 4 feet deep in
the soil. The rhizome bears the erect and aerial branches. Some of the aerial branches are sterile
and some are fertile. The plants vary in their height from species to species. E.' scirpoides only
few inches high whereas on the other extreme a species of American tropics i.c ..E. giganteum
reaches upto 12 metres or 40 feet in height. However, its diameter is less than an inch.

r:
ii) Stem: The rhizome of Equisetum is horizontal, perennial, much-branched subterranean and
penetrates in the soil upto 3 to 4 feet and in many species, it is spread over in the area of 10 to 15
feet. It consists of well differentiated nodes and internodes. AT each node there is a whorl of
small, scale-like leaves united laterally to each other forming a brown sheath. Alternating with
each leaf of sheath at each node of the rhizome, there is a branch primordium or bud. 'The§'e
primordia may develop into aerial on subterranean branches immediatley,or they 'may; remain
dormant for a considerable long period and develop into new branches on the approach of
favourable conditions. Sometimes in certain species. e.g. E. telmateia and E. arvense, Hie
primordia develop into short rounded branches composed of only one internode. These short
rounded branches are known as tubers. After being separated from the parent rhizome, 'these
tubers develop into new plants. This is a method of vegetative propagation of the sporophytic
generation. The whorls of the much branched and ventitious roots have been given from the
successive nodes of the rhizome. Usually the rhizomes bear two kinds of aerial branches -
sterile and fertile, but there still other species which bear either sterile or fertile branches. ,.,,;:':

The sterile branches are of green colour and bear a whorl of lateral branches at each
node, These branches are assimilatory in function and practically synthesize all the food required
by the plant. The lateral branches found on the primary branch also bear the whorl of branches
which are comparatively smaller in size. Each whorl bears an equal number of branches to that
leaves and alternate with the leaves. The sterile branches of a few species are unbranched, e.g.
E. hyemale.

,. '';: The. fertile branches are also found above the ground, they bear strobili at their apical
ends. These' branches arise first and shed their spores even before the appearance of the sterile
branches. .In 'E. arvense, the fertile shoots are unbranched and devoid of chlorophylland they
die as' soon as the spores are shed. In certain other species e.g. E. cylvaticum and E. pratense,
the strobili arethrownoff after 'Spore disseminationand the fertile branch now actsas the sterile
branch by developing lateral :branches on it. Simultaneously, the chlorophyll is alsodeveloped
in these branches. E. palustre bears three, kinds of branches.

/
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(a) the sterile branches which are deep green and much branched.

(b) the fertile shoots which are short lived and devoid of chlorophyll.

(c) the intermediate type of branches which are fertile, devoid of chlorophyll and unbranched at
first, but later on the strobili are thrown off andthe branch becomes green, branched and
persistent. This is a good example of division of labour in Equisetum plant.

The internodes of both the rhizome and aerial branches are ribbed longitudinally. These
ribs alternate with the leaves in the subtending node. The ribs also alternate to the ribs' of the
successive node, in their position. The general structure of the stern is same both in the rhizome
and the aerial shoot, but it may be more clearly understood in the aerial shoots.

Hi) Leaves: The leaves are arranged in whorls at each node of the aerial branches. they are
simple, scaly, slender, uninerved, brownish and more or less fused at their bases laterally to form
a sheath around the base of the inter node. Their apices are, however, free and pointed. "The
number of the leaves in each whorl ranges 3 to 40 from species to species. At first, the leaves
are green but later on they become brownish, dry and scale-like. The mature leaves are
protective in function. In certain other species, they become dead, dry and scaly.

iv) Roots: In Equisetum all the roots are adventitious except the primary root of the young
sporophyte. The roots arise in whorls from each node of the creeping, subterranean rhizome.
The roots may be many years together, but do not increase in their length. The roots do not arise
directly, but from the lateral branch primordia situated on the nodes of rhizomes and main aerial
shoots (Fig. 16.9).
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Fig. 16.9 Equisetum arvense. External features, the sporophyte showing rhizome,
, roots, tubers sterile and fertile branches

(adopted from College Botany, Vol. II, B.P.Pandey)
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8...Internal Structure . '

. ;..' /"".

i) Stem: .Anatomically the stem shows an epidermis, cortex and stele. The outline ofthesection
is. wavy due to the presence of ridges and grooves. The' different parts of the 'stern (node;
.internodes etc.) vary slightly in their anatomical details. '. " .

ii) Internode of an aerial sterile shoot: A transverse section shows a wavy epidermis; a multi
layered cortex and a ring of vascular bundles surrounding a central cavity (Fig. 16.10).

..•.

~'Iif----l4l---ENDODERM/S ...

PHLOJ;M}'XYLEM . VASCULAR
~ CAR/NAL .·BUNDLE

CANAL' .

FRAGMENT OF
PROTOXYLEM

PtTHCAVtTY

.,,

Fig. 16.10 Equisetum : T.S, ofInternode of Aerial Shoot (ground plan)
(adopted from Introduction to Pteridophyta byS.Sundara Rajan, 1994)

Epidermis is single layered being made up of elongated cells with thick walls. The cell walls
have a heavy deposition of silica. The continuity of the epidermis is interrupted by the presence
of stomata. These however are restricted to the grooves. The stomatal apparatus is composed of
an inner pair of guard cells and a pair of subsidiary cells which cover the guard cells. Another
characteristic feature of the stomata is the presence of rib like silica thickenings present between
the subsidiary cells and guard cells.

Above the epidermis, there is the deposition of a cuticle. The cortex is broad and highly
differentiated. Below the ridges are found patches of sclerenchyma offering mechanicalsupport
to the stem. Below the grooves or sometimes forming a continuousband js found the
chlorenchyma which is the chief photosynthetic tissue of the plant. Internal to the chlorenchyma .
is found the parenchyma constituting the inner most region of tIle"cortex. This region consists of
air cavities calledvallecular canals, arranged in a ring alternating with the vascular bundles.r'I'he
vascularcanals lie directly below the grooves. ,,; u;
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The vascular bundles are arranged in a ring alternating with the vallecular canals. They
surround a central cavity (pith cavity). The nature of the endodermis varies in different species.
AJl. the vascular bundles may have a common outer endodermis or each vascular bundle.may
have a separate endodermal covering. In some species E. sulvaticum, in addition to an outer
endodermis there will be an inner endodermis also lining the pith cavity. The vascularbundles
are collateral and endarch with poorly developed xylem. Some of the protoxylem elements
disintegrate to form a cavity known as the carinal canal. Usually there will be a thin layer of
pericycle lining the endodermis (fig. 16.11)

£?\oeffl'\\$

fl'\3'£.~~&.~ sc\erencn~

stoma

11111-'XYlem
Inner Endocerrnls

I
Oar.nal Canal

Fig. 16.11 Equisetum : T.S. of Aerial Shoot at Internode - A sector enlarged
(adopted from Introduction to Pteridophyta by S.Sundara Rajan, 1994)

iii) Rhizome: there are no stomata ih the epidermis, so also there is no chlorenchyma in the
cortex. The development of the mechanical tissue i3 less when composed with the aerial shoot.
The pithis solid (E. arvensei.

lv) Cone axis: There is considerable difference between vegetative branches and the cone axis.
In the latter, vallecular and carinal canals are absent. In the vascular bundles, the protoxylem
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strands form a continuous system. The metaxylern is separated from the protoxylem by a band
of parenchymatous cells. Sporangiophoric traces depart from the vascular cylinder and enter the
successive whorls of sporangiophores (Fig. 16.12).

CUTICLE
~e.~;:t.i~EPIDERMIS

.•
r1f.ifl9!i~~~~~~~~'H~Y~P~ODERMIS

CORTEX
\_U><'h--ro~~_ ENDODERMIS··

~"""",,,,':;PERICYCLE

~®~t$~~cy~d~~V~AllECULAR .
. CANAL

. CARJNAL
CAVITY

,
).

'-------------,:::-:---c--:- .-.--- ...--------=--=------=:::-;-.,--------,;------'
Fig. 16.12 Equisetum : T.S. of Rhizome

(adopted from Introduction to Pteridophyta by S.Sundara Rajan, 1994)

9. Nature of the stele

The nature of the stele as to whether it is protostelic or siphonostelic is debatable.
According to Barratt (1920), the vascular cylinder at the base of the first shoot of the sporeling is
protostelic, subsequently it becomes siphonostelic. Barratt (1920), believes the internodal
system (of having separate bundles) has been derived from a proto stele through the intermediate
stage of siphonostele and solenostele.

According to Jeffery (1894), the inter fascicular gaps of the internode are branch gaps,
but according to Barratt (1920), these are actually areas of xylem in which tracheids have been
replaced by parenchyma. Since these gaps are not present above the branch trace they ae not
related to either the branch or the leaves.
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(I) Root: A transverse section of the root shows an outermost' single layered epidermis
(piliferous layer), middle cortex and central stele. Here and there root hairs arise from the
epidermis, The cortex has two zones (Fig. 16.13).

~:-l;:::--Cortex

Epidermis1":1 __ ---

.Protoxylem

L- -=:-_~_---.
Fig. 16.13 Equisetum. I.S.ofRoot

(adopted from Introduction to Pteridophyta by S.Sundara Rajan, 1994)

The outer zone is sclerenchymatous while the inner zone consists of thin walled parenchyma
with air spaces. Internal to the cortex is the endodermis. The endodermis is apparently two
layered thick because the so called inner layer of endodermis lacks the casparian thickenings. In
the absence of the thickenings, it seems best to regard to inner layer as the pericyc1e, because the
initials. of the lateral root also originate from this layer. The stele is a protostele with di, tri, or
tetrach xylem. In smaller roots, in the centre there is a large metaxylem element. In larger roots,
there will be more than one meter xylem element.

(ii) Leaf: The leaf has a single vien which is collateral and is surrounded by an endodennis.
Xylem is poorly developed. Surrounding the vein are found bands of sclerenchyma alternating
with parenchymatous bands. Encircling this are found thin walled parenchyma cells. Stomata
are found in the lower epidermis.
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10. Reproduction
I

Sporophyte reproduces vegetatively as well as by spore I
. production. Vegetative propagation takes place by tubers which are !

produced on the rhizome. The tubers represent short rounded I
branches consisting of a single' internode. At maturity, a tuber
detaches itself from the rhizom~ and develops into anew individ~-~1.".,1

(i) Spore producing organs: At. the apices or' the aerial shoots' are
produced the cones or the strobili. Each cone, has' a stout central- axis·
bearing whorls of peltate appendages called the sporangiophores. In
each whorl there are 10-20 sporangiophores.'. In some species '(E.
cryptophera) below the lower most whorl of sporangiophores there is
a ring like out growth called the annulus (Fig,16. I 1) . A

Strobilus.:.....•..,:u---

.='-.....,.~1--An n u1us

Fig. 16.14 Equisetum : Spore Produ~ing.6rgai1s. Cone
(adopted from Introduction to PteridophytabyS .Sundara Rajan, 1994)

Each sporangiophore has' a short stalk with which 'it:is attached to the cone axis and a
peltate disc. The ventral surface of the peltate disc (hexagonal) bears 5-6 sporangia in the form
of a ring. In a young cone the flattened tips of the peltate discs are in close contact with each
other protecting the sporangia. . ,. . .

ii) Development and Structure of the Sporangium: The sporangiophores arise, first on the
cone axis 'in the form of hemispherical swellings. A constriction appears in 'the "emerging
sporangiophore delimiting the basal stalk and the terminalpeltate appendage,' 'The .sporangial
initials first arise on the dorsal surface-ofthe peltate disc.' But centrifugal growthtaking place in .
the centre of the disc pushes the developingsporangia first towards the' marginof the disc and
subsequently towards the ventralsurface, wherethey He ultimately. A single' superficial cell is'
differentiated as the sporangial initial, but the surrounding cells a]50' take part in' the fiirtber'
growth of the sporangium .. Hence, the development is' of the eusporangiate typ'e.A periclinal .
division in the sporangial initial results informing an outer cell and an inner 'celL'" The' 'ouiet .'.
daughter' ceil dividespericlinally as well as ariticlinally to fohn several layers of' cells. Of these,
some of the inner layers contribute to a part of the sporogenous "tissue while thi~r~thaitiing' f~rri?.
the jacket of the sporangium. Meanwhile, the inner cell divides in all the planes to produce a
mass of sporogenous: tissue.· In Equisetum, the :sporogc.nous tissue' is d~rived' partly'ftom the
inner cell and partly from the outer cell (Fig. 16.i5): /".,. ;, ." ' ;.' ., . 4',."
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8
c

" I

. " , D E

Fig. 16.15 Equisetum : Stages in the Development of Sporangium
(adopted fromIntroduction to Pteridophyta by S:Sundara Rajan, 1994)

.' .~',r .'; , " . . \ "

.As the sporogenous cells are,.~~out to transformthemselves into spore mother cells, the inner
most wall layerdifferentiates itself into a tepetum., The tapetal .cells ,be~ome glandular in
appearance. The cells of the sporogenous tissue round off and form thespore mother cells. Of
these, about one third disintegrate' and forma plasmodial mass of cytoplasm. AT this stage, the
tapetal cells also break down and add upto the plasmodial mass. The spore mother cells are
bathered in this plasmodial mass from which they derive the nutrition. The nuclei present in the
plasmodium inctease their number, by a mitotic divisions, The .spore mother cells undergo
reduction division and produce tetrads of haploid spores. The developing, spores absorb the
plasmodium, Sometimes, even the inner layers of the sporangial wall are absorbed so that the
mature 'sporangium has a single layered wall.

A mature sporangium is sac like and elongate. It is covered by a single layered jacket
and contains spores of only one type (homosporous) (Fig. 16.16).

" '."

I. / .' ,
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Hi)Dehiscence of the. Sporangium

The wall of the sporangium has spiral and annular thickenings present in the form of
bands. These help in the dehiscence. When sporangia are mature the cone axis between the
whorls of sporangiophores extends separating the contact between the peltate discs. At the same
time, the sporangiophore stalk also elongates. This facilitates the easy dispersal of the spores.
Due to the differential hygroscopic response of the wall cells, the sporangium splits open along a
longitudinal line spores are wind disseminated.

11. Gametophyte

(i) Structure and Germination of the Spores: The spores are minute in size and are spherical
in shape. The spore wall is four layered (Bear, 1909). The outermost is the epispore (serispore).
Internal to this is a cuticular middle layer. Next to the middle layer internals is the exine. The
innermost wall layer is the cellulosic intine. According to Beer (1909), the middle layer and the
epispore are secreted by the tapetal cytoplasm while the exine and the intine are derived from the
spore protoplast. Kedenes (1979) has studied the spore morphology in 14 species of selaginella
using scanning electron microscope. Biochemical studies of Gullvag (1969) on the storage
materials in the spores have shown the presence of lipid granules and protein aceous substances
besides large chloroplasts.

The epispore splits spinally and forms two ribbon like bands which are attached to the
spore at their central points. Due to this, the bands look like four distinct appendages. The. free
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ends of these appendages are spoon shaped. When the spores are in the sporangium, the bands
remain spirally coiled around the spore. In the absence of moisture, they open out. This can be
easily seen by placing a few spores in a drop of water on a slide. When observed under
microscope the spiral bands gracefully uncoil as the water dries up. The spiral bands are given
the name elaters as they are believed to help in spore dispersal (Fig. 16.17).

I
B

A Eo
Fig. 16.17 Equisetum : Structure and Germination of Spores

(adopted from Introduction to Pteridophyta by S.Sundara Rajan, 1994)

The spores of Equisetum are chlorophyllous. The spore germination takes place immediately on
liberation from the sporangium. The first division results in the formation of a smaller lenticular
cell and a larger cell. The small cell elongates and forms the first rhizoid. The remainder of the
gametophyteis exosporic. Further divisions in the young gametophyte apparently do not follow
any pattern. The first few divisions in the larger cell may be transverse resulting in a filametous
gametophyte or vertical and oblique producing a cushion like prothallus.

(ii) Structure of the Mature Gametophyte: The gametophyte has two regions viz., the basal
compact cushion like region and an upper photosynthetic region made up of a number of
chlorophyllous lobes. Some of the prothalli when growing under crowded conditions may not
show these well marked regions. The gametophytes are wholly parenchymatous. There is no
indication of any mycorrhizal association. The nutrition is autotrophic.

The meristamatic tissue is situated at the basal cushion in the form of a rim. Archegonia
are formed first in between the photosynthetic filaments, later the meristematic edge turns up
and forms the antheridia. With the formation of the antheridia, the growth comes to a stop.

There is a controversy as to whether Equisetum is monoecious or dioecious. According
to Kashyap (1915) corwded prothali are dioecious. Walker (1921) believes that prothalli are
monoecious. . The controversy seems t'~ be the 'result of protogynous nature' of the prothalli
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which form archegonia fist and only very lately, theantheridia, Recent studies of Duckett and
Pang (1984) indicate that Equiset~mgiga~teum exhibits ,c,e~a~ncharacters which point in the
direction of heterospory (Fig. 16.18),' " ,.

12. Reproduction

Fig. 16.18 Equisetum, : Gametophytes
A. E., arvense, B. E. telemateia, C. E. kansanum

(adopted from Introduction to Pteridophyta by S.Sundara Rajan, 1994)

" ;,' "

• • J .,'. " , •••

,Irrespective of the fact' whether the garnetophytes are monoecious or dioecious the sex
organs develop after the gametophytes are about a mont~ old', '

i) Development and Structure of the Antherida: Generally, the antheredia are formed later
than the archegonia. The meristematic rim of the basal' cushioil. turns cup and it is in this
upturned part that the antheridial initials differentiate.' n ",some -of the .dwarfed and starved.
Prothalli, soon after the formation of antheridiath prothallusdies (Eig~'16.19).'

,I • ,,\~.. ~
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(adopted from Introduction to Pteridophyta by S.Sundara Rajan, 1994)
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The antheridia are of two types, viz., the embedded type and the projecting type while the
former develops on the basal cushion, the latter develops on the margin or apex of the
photosynthetic lobes.

The development is essentially similar in both the types of antheridia except for the first
one or two divisions. While a superficial cell directly functions as the antheridial initial in the
embedded type, a superficial cell on the photosynthetic lobe after cutting off the three peripheral
cells functions as the antheridial initial in the projecting type. Further development is similar in
both the types of antheridia. The antheridial initials divides periclinally and produces two
superposed cells. Of these, the outer by undergoing several I at .ticlinal divisions builds up the
single layered jacket of the antheridium. The inner cell divides 111 all the planes to form a mass
of androgonial cells. The last generations of these cells i.e. androcytes metamorphose into
antherozoids. A mature antherozoid is spirally coiled and multi flagellate (Fig. 16.19).

The embedded type of antheridium is sunk in the gametophytic tissue. While the
. projecting type, as the name indicates protrudes a little above the surface of the gametophyte.

'"';1'.

l:About 256 antherozoids are formed in each antheridium.

A mature antheridium dehisces by the splitting open of one of its jacket cells. This is due
to the absorption of moisture (Hauke, 1963). The antherozoids come out in a mass (Fig. 16.19).

(ii) Development and Structure of the Archegonia: Archegonia normally appear in the
meristematic region in between the photosynthetic lobes. Any, superficial cell near the rneristem
can function as the archegonial initial. As usual the first division is peric1inal and an upper
primary cover cell and a lower primary central cell are formed. The former divides by quadrant
walls to form four neck cells which by further transverse divisions form a neck, 2-4 cells in
height. The primary canal cells divides transversely to form an upper neck canal initial and a
lower central cell. Usually the neck canal initial divides to form two boot shaped neck canal
cells. The central cell divides to form an egg and a venter canal cell (Fig. 16.19).

In a nature archegonium, the neck projects out a little while the venter region is sunk in
the puothallial tissue. It has an egg, a venter canal cell and two juxtaposed or superposed neck
canal cells (Fig. 16.19).

13. Fertilization

This is brought about by the antherozoids swimming down the canal of the archegonial
neck. Several enter the archegonial neck, but only one fuses with the egg forming a diploid
zygote. Many archegonia are' fertilized on the same prothallus resulting in the development of
several sporophytes on a prothallus. '
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14. Embryogeny

The first division of the zygote is usually at right angles to the long axis of the
archegonial neck resulting in the formation of an epibasal cell and a hypobasal cell. No'
suspensor is formed. Both the epibasal and hypobasal halves contribute to the embryo. The
walls of the next division are laid perpendicular to the plane of the first division, resulting in the
formation of a quadrant. But the four quadrants do not give rise respectively to stem,' root and
cotyledons.

1221
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/Fig. 16.20 E~uisetum :YO~11gSp-orop[1-ytes(A) on the Gametophyte and

Establishment of Young Sporopbytes on Soil (B-D)
(adopted from Intr~duction to Pteridophyta by S.Sundara Rajan, 1994)
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STROBILUS

~I

EMBRYO

SPOROPHYTE (2X)

GAMETOPHYTE (Xl

Fig. 16.21 Equisetum sp. Diagrammatic life-cycle.
A, sporophyte; .B~ strobilus; C, sporangiophore with sporangia; D, 1.S. of sporangiphore
showing sporangia .:and peltate disc; E, spore mother cell; F, spore tetrad; G, spore with coiled
elaters; H, spore withuncoiled elaters; I, young prothallus; J, mature pro thallus with archegonia
and antheridia; K, antheridium; L, archegonium; M, antherozoid; N, egg; 0, oospore; P, young
embryo; Q, young sporophyte. . .

"
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Fig. 16.22 A graphic life cycle of Equisetum
(adopted from College Botany Vol. II, B.P.Pandey, 2003)

Alternation of generations

In Equisetum life cycle, sporophytic phase is dominant. At the time of reproduction
aerial shoots bear cones. Each cone consists of central axis bearing sporangiophores in whorls.
Each sporangiophore produces 5-10 sac like sporangia Sporangium produces haploid a sexual
spores. Spore is the starting stage of gametophytic generation. On germination spores produce
exosporic gametophytes. Gametophytes may be unisexual or bisexual. During sexual
reproduction, they produce archegonia and antheridia which produce egg and antherozoids
respecti vely.

During fertilization antherozoid fuses with the egg nucleus. Resultant zygote represents
sporophytic generation. Zygote divides and produce the young embryo, which finally grows to
sporophyte.

15. Summary

Equisetum is a very natural and uniform genus but it is divided into two sections or. .

subgenera: (1) Equisetum (Eu-equisetum) having stomata with accessory cells and at the -same
level with the other epidermal cells, leaves blunt, and (2) Hippochacte having stomata sunk
below the level of the epidermis and structurally different, leaves pointed, Sporophytehasan
aerial part and an underground rhizome part. The rhizome is perennial, horizontal much
branched and often penetrates to more than a metre below the soil surface. The aerial part shows
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node and internodes. \The ridges and furrows present on the internodes of the stems. The learns
are scale-like. The form a toothed sheath around each node of the stem by their lateral fusion.
Stele is siphonostelic. The sporangia are borne on the underside of pellate sporangiophores.·
The sporangiophores are arranged quite close to each other in terminal strobili or cone-like
structure. The antherozoids are multiciliate.

Self Assessment Questions

Essay type

1. Describe external features ofEquisetum.
2. Descirbe anatomyofEquisetum stem.
3. Give comparative account of reproductive structures (Strobilli) of Equisetum an

Lycopodium.
4. Briefly describe gametophytic generation in Equisetum.
5. Deseribe external featues of Sphenophyllem

Short Questions

1. Xerophytic and hydrophytic features in Equisetum.
2. Strobilus of Equisetum
3-. Silicification.
4. Development and structure of sporangium
5. Aerial shoots ofEquisetum
6. Nature of stele in Equisetum
7. External features of Calamities
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PTERIDOPHYTA

LESSON-XVII

PTEROPSIDA

OBJECTIVES

1. Introduction
2. Classification

A. Eusporangiatae
3. Order: Marattiales
4. Order: Ophioglossales
5. Order: Osmundales

B. Leptosporangiatae
6. Order: Filicales

1. Marsileales
ii. Salviniales

7. Summary

Introduction

Sporophyte differentiated into root, stem and leaves. The leaves are large (megaphyUs)

I

comp~und and. a~e describe~ as frouds. The st~m~ a?d protostelic, siphonostelic or ~ictyosteli~.
Occasionally, It IS polycyclic. Rarely, there IS limited secondary growth. The siphonostelic
cylinder differs from other Pteridophytes (microphyllous) in having leaf gaps. Sporangia are thick
or thin-walled, homosporous or heterosporous borne on unmodified foliage or on specialized fertile
leaves. They ar either terminal on leaf segmenets but more commonly they are on the fround,
marginally or superficially and rarely in specialized structures, the sporocarps. The sporangia either
are single or fonnsori or fuse to form synangia. Antherozoids are multiflagellate ..

Classification

Pteropsida is divided into six orders.

(1) Cladoxylates: Upper Devonian to Lower carboniferous
(2) Co-enopteridales: Devonian to permian
(3) Protopteridales: Devonian
(4) Marathiales: Upper carboniferous to present
(5) Ophioglossales: No fossil record
(6) Flllcales: Carboniferous to present.

The first three orders comprise only fossil forms and the last-three living as well as fossil forms.
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1. Marattiales

The present day marattiales with six genera Marattia, Angiopteris, Archangiopteris, Macro-
glossum, Danaea and Chri~tei1.Strliaare essentially plants of tr?pic1a rain forests, the larger species
forming the prominent elements of flora. Danaea occurs in 1merican tropics only and monotypic
cChristensenia is confined to Indo-Malaya region. The remainder four genera restricted to western
pacific area.

Maratthia, Angiopteris and Macroglossum have massive fleshy axes which occasionally
attain a diameter of upto two feet. Such stems are half buried in soil and a crown of large leaves
arises - from the ground. Thus, the" stately magnificient plants of Angiopteris and Mavaltia,
resembling tree ferns, find place if).green houses for their beautiful habit (Fig. 17.1A).

Archangiopteris, Christensenia and Danaea have creeping rhizomes. The stems in
marattiales are covered by fleshy stipules. Two stipules occurs at the base of every leaf (Fig. 17.1B)
and enclosed in each pair of stipules is next younger leaf. Many species form and ventitious buds
on stipulus which serve for vegetative propagation.

Young leaves in all genera are circinately coiled. The leves of some forms (Angiopteris,
Marattha and Macroglossum) are largest among living ferns reaching upto five metres in -Iength
with petiole as large as man's arm and having a conspicuous pulvinus at the base. Monotypic C.
aesculiforlia, as the name suggests, hasp palmate compound leaves. In rest of the genera, the
leaves are one to three times pinnately compound. Occasionally, leaves are simple in Danaea. The
venation is opendichotomous in the family except Christensenia which has reticulate venation.

One to several roots occur on the stein below each leaf. The roots are fleshy, mycorrhizic
and nearly naked. - Occasionally, roots branch freely and have hairs which are unusual in being
septate. Root stele is polyarch with long thin xylem arms (Fig. 17.1C) and small phloem areas
alternating with xylem. Mucilage canals are a prominent feature of the cortex.

Anatomy

In young plants, there is a narrow apical cell in stem and older plants have several apical
initials in a prismatic layer. The plants characteristically lack sc1erenchyma but there is an
abundance of mucilage canals and tannin cells. The mech'ailical support to large soft stems is
provided by thick sheath of leaf bases and roots. Initially, the plants are protostelic, then the stele
becomes amphipholic siphonostele with distinct gaps, from which depart double leaf traces. The-
traces of larger leaf divide profusely before entering the petiole.
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Reproduction

. The sori are superficial and occur on the under surface of leaves. In Angiopterisare oblong
rings of free sporangia each over a vein (Figs. 17.1E, AB). Archangiopteris have two elongate,
occasionally forking, series of sporangia (Figs. 17.1F, C,D) along with the veins, whereas in
Macroglossum the sporangia are present in a groove on each side of a vein. In Maratthia, Danaea
Christensenia the sporangia fuse to form synangia. The synangium is circular in Christensenia (Fig.
17.1 I), it is elongate in Danaea (Fig. 17.1G) and is peculiar in having fleshy flanges of tissues in
between adjacent synangia. Marathia produces a rather complex bivalved sporocarp, containing
two linear synangia (Fig. 17.1 K, L).

The development of sori in Angiopteris and Danaea is illustrated here.

The former represents free sporangia and the later a synangium. The sporangia do not
originate individually and the entire sorus originates as surface receptacular tneristem (Bierhorst,
1971). The entire surface layer divides periclinally. The developing sporangia are distinguishable
in the hypodermal area when isolated cells become prominent by their dense staining contents
(particularly the nuclei) than the adjacent cells. In Danaea, growth in intersporangial areas keeps

.pace with the growth of sporangia and results in the formation of synangia. In Angiopteris, the
growth in intersporangial area does not take place and, therefore, the sporgania are separate at"
maturity. Since sporangia originate from an area which consists of a group of ten to twelve cells, .
they are eusporangiate. The sporangia are large with a broad base and massive walls. The walls of
sporangia have numerous stomata, a feature rarely seen elsewhere. During the development, the
cells adjacent to sporogenous tissue differentiate as one or two layered tapetum which ultimately
breaks down. The spore out put is high. In Angiopteris the free sporangia have a band of enlarged
cells of thicker walls. The contraction of this band pulls the sies 'of sporangium apart along a line of
dehiscence. In synangia there is no such device and instead due to drying and shinkage in the .
sporangial wall a pore is formed through which the spores escape. The wall of sporocarp in
Maratha is woody and when ripe splits bivalue-like, exposing the poes in synangia.

Spores germinate rapidly after being shed and form dark-green massive prothals (Fig.
17.2C). The prothalli are surface living probably perennial, thalpose structures, more similar to
liverworts than the fern gametophytes.rIt is easy to locate them in fieid. The thick central cushion
is prominent and even the wing regions of prothallus are two-celled thick. The sex organs,
~ntheridia and archegonia are sunken. The former occur on the upper as well as lower surface (Fig.
17.2 D), but the latter are confined to lower surfac eont he central cushion. Antheridia are massive'
(Fig. 17.2E) with one cell-thick jacket and produce large number of multiflagellateantherozoids.
The neck of archegonium is three or four cells long but the cells do not elongate. The axial row
consists of egg ventral canal cell and a binucleate neck canal cell (Fig. 17.2 F).

I
I
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Fig. 17.1 (A-I). Marattiales, morphology and anatomy of sporophyte. A, habit Angiopteris evecta.
B, basal view of a trunk showing stipules. C, a part of transection of root Marattia alata. D,
transection of stem of A. evecta. E-1, pinna, of marattiaceae. (Figres adapted from: A, Wettstein; B,
C, D, Bierhorst; E-I, Bitter).
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Fig. 17.2 (A-M). Marattiales, gametophyte and embryogeny, A, B, spore germination and young
I gametophytes of Angiopteris evecta. C, mature gametophyte of Marattia. D, t.s. gametophyte

A~' Marattia showing antheridia on both surfaces. E, F, antheridium and archegonium respectiv ley. G-
M, embryogeny; G-I, Danaea, J-M, Angiopteris. (Figres adapted from A, B, E-I, K-M, Campbell;
C, D, Bierhorst; J. Land).
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Zygote (Fig. l7.2G) divides transversely (Fig. 17.2H) and the cell towards archegonial neck
(whiea is directed downwards) forms a suspensor (Fig. 17.2 I,J). A minute suspensor is present in
Danaea and some species of Angiopteris but embryos of Marattia, Christensenia arid most species
of Angiopteris are without suspensor. The embryonic cells divides to form a spherical mass of cells
(Fig. 17.2 K) and organogenesis in its becomes apparent at quadrant to octant stage. The cells
towards suspensor and archegonial neck grow into a foot and the inner cells form leaf, stem and
root (Fig. 17.2 K,L). Thus, the embryo is endoscopic.

2. Ophioglossales

This group of plants, completely without any early fossil record, is represented by about
eighty living species, belonging to three genera. Botrychium (thirty-five species) is cosmopolitan in
distribution and Ophioglossum (forty-five species) is nearly so, but Helminthostachys (monotypic)
is restricted to Indo-Malaysia and Polynesia. Two :'oecies are fairly common in the British Isles,
Botrychium lunaria, 'Moonwort' (Fig. 17.3A) which grows in dry grassland and on rocky ledges,
and Ophioglossum vulgatum, 'Adder's Tongue' (Fig. 17.3G) in damp grassland, fens and dune-
slacks, while a third species, 0. lusitanicum, is restricted to grassy cliff tops in the Channel Islands
and the Scilly Isles. •

The stem, in most species, is very short and is erect, except in a few epiphytic species of
Ophioglossum and in Helminthostachys, where it becomes a horizontal rhizome as the plant grows
larger. Where the stem is erect, the: leaves arise in a spiral sequence, but in temperate regions it is
normal for only one leaf to be produced each year. In Helminthostachys, the leaves are borne in two
ranks along the rhizome; they are large and temately compound, but in the other two genera they
are usually much sl~ller. Those of Botrychium are pinnately compound; those of Ophioglossum
are simple or lobed an\t, unlike those of the other two genera, have a reticulate venation. At the base
of the petiole there is a pair of thin stipules which.enclose the apical bud; and the next leaf, when it
begins to grow, has to break its way through the thin sheath covering it. Unlike all other living ferns
their leaves are not circinately coiled when young.

In all three genera, the fertile fronds have two distinct parts, the fertile part being in the
form of a spike which arises at the junction of the petiole with the sterile lamina, on its adaxial
side. The fertile spike is pinnately compound in those genera with a compound lamina and simple
in Ophioglossum, where the lamina is simple. Its morphological nature has been the subject of
some considerable discussion in the past but is now generally thought to represent two basal
pinnae which have become ontogenetically fused, face to face (i.e. it is believed that some early
ancestor of the group had two fertile basal pinnae, whose primordia became fused during
subsequent evolution). Today, the only evidence for the double nature of the spike lies in its·
vascular supply.

The roots are peculiar in being completely without root hairs, a feature which is possibly
connected with their mycorrhizal habit.
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Growth of the stem apex is from a single apical cell, and its products are characteristically
soft and fleshy, for they are without sclerenchyma. The stem of the young sporeling is protostelic,
but soon becomes medullated. Later on, the stem of Botrychium becomes solenoxylic, i.e. there are
leaf gaps in the xylem, but not in the single external endodermis. Ultimately, the appearance of a
sporadic internal endo dermismay give rise to a rudimentary solenostele. Botrychium is the only
genus of living ferns to show secondary cambial activity, and in some species it may give rise to a
considerable thickness of secondary wood, composed of tracheids and wood-rays. Rhizomes of
Helminthostachys pass through much the same stages of stelar organization, but the largest
specimens go one stage further and achieve true solenostely, with an internal as well as an external
endodermis.

L- . ~~~

Fig. 17.3 . Botrychium; A, B. lunaria; B. fertile pinnule; C, vascular supply to sporangia; D.
prothallus ofB. virginlanum; E, archegonium; F, embryo of B. obliquum. Ophioglossum; G, 0.

vulgatum; H,portion of fertile spike; I, vascular supply to sporangia; J, prothallus of 0. vulgatum;
K, archegonium of 0. pendulum; I, embryo of 0. vulgatum.

(f, foot; I, leaf; r, root; s, suspensor; x, stem apex)
(A, G, after Luerssen; B, H, Bitter; C, Goebel; D, K, Campbell; E, Jeffrey; F, Lyon; J, L;Bruchmann)

Ophioglossum varies considerably in its internal anatomy, according to species. Some
possess an outer endodermis, but in most species it is absent, even in the young stages. The leaf
gaps in the xylem overlap one another, giving rise to a network of meristeles, which form a
rudimentary kind of dictyostele.

The xylem is endarch in Botrychium and Ophioglossum, ·but mesarch in Helminthostachys.
The earliest fanned protoxylem tracbeids are very similar to those of the Marattiales; later ones are
.reticulate (some being ob-reticulate) but scalariforrn tracheids are absent.33 A pronounced feature
of aIi three genera is the distinctly bordered circular pits in the rnetaxylern tracheids, but early
accounts of the universal presence of a torus in the pit closing membrane appear to be incorrect.
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Bierhorst records them only in Botrychium dissecium and states that even in this species they are
not a constant feature.

The sporangia in all three genera are 'marginal' in origin. In Botrychium, they are borne in
two rows along the ultimate pinnules of the fertile spike (Fig. 17.3B) and each receives its own
separate vascular supply from a vein running into the pinnule (Fig. 17.3C). In Helminthostachys,
the axis of the fertile spike bears numerous 'sporangiophores' in several rows, each bearing several
sporangia and a few tiny green lobes at the tip. The spike of Ophioglossum bears two rows of
sporangia fused together, beyond which the axis projects as a sterile process (Fig. 17.3G). A
number of vascular bundles run longitudinally up the middle, anastomosing occasionally and giving

. offlateral branches to the sporangia (Fig.17.3).

Early stages of development of the sporangium are similar to those in the Marattiales; a
single initial cell undergoes a periclinal division, the inner half giving rise ultimately to the
archesporial tissue, while the outer half goes to form part of the sporangium wall. Adjacent cells
contribute further to the wall, which is very massive and several cells thick at maturity. A tapetum
of several layers of cells is formed from the inner regions of the sporangium wall, which break
down. to form a continuous plasmodium in which the spores develop. As in Marattiales, there are
stomata in the sporangium wall.

Dehiscence of the sporangium is transverse in Botrychium and Ophioglossum (Figs. 17.3B
and 17.3H), but longitudinal in Helminthostachys, and large numbers of spores are released (more
than 2,000 in Botrychium and as many as 15,000 in Ophioglossum).

The prothallus in all three genera is mycorrhizal. Indeed, the presence of the appropriate
fungus is essential for the growth of the prothaJl us beyond the first few cell divisions. In most
cases, the pro thallus is deeply buried in the soil and lacks chlorophyll, but cases have been
reported of superficial pro thalli, in which some chlorophyll was present. Some have abundant
rhizoids, but others are completely without them. '

The prothallus of Botrychium virginianum (Fig. 17.3D) is a flattened tuberous body, up to 2
em long. Antheridia appear first and are deeply sunken. Large numbers of antherozoids are
liberated from each and escape by the rupturing of a single opercular cell. The archegonium has a
projecting neck several cells long, a neck canal cell with two nuclei, and a ventral canal cell (Fig.
17.3E).

The pro thallus of Ophioglossum vulgatum differs in being cylindrical, and may be as much
as 6 em long (Fig. 17.3J). Frequentiy, there is an enlarged bulbous base, in which the bulk of the
mycorrhizal fungus is located. (In both Figs. 17.3D and 17.31, the extent of the fungus is indicated'
by a broken line.) As in Botrychium, the antheridia are sunken and produce very large numbers of
antherozoids. Unlike Botrychium, however, its archegonia are sunken too. In Fig .. 17.3K, the
archegonium is illustrated at a stage just before maturity, when there are visible two nuclei in the
neck canal cell, but just before the. basal cell has divided. Indeed, a ventral canal cell 'ha~ rarely'
been seen, presumabl~ because it disintegrates almost as soon as it is formed. '
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As in the Marattiales, the first division of the zygote is in a plane at right angles to the
archegonial axis. In Helminthostachys, the outer (epibasal) hemisphere undergoes a second
division, so as to produce a suspensor of two cells, while the hypo basal hemisphere gives rise to a
foot, a root and, later, the stem apex. The embryo is thus endoscopic, but during its further
development its axis becomes bent round through two right angles, so as to allow the stem to grow
vertically upwards. '[he embryo of some species of Botrychium is likewise endoscopic and has a
small suspensor (Fig. 17.3F), but in others including B. lu-naria; there is no suspensor and the
embryo is exoscopic; and this is true of all species of Ophioglossum (Fig. 17.3L). In all cases there
is considerable delay in the formation of the stem apex, and in some species it may be several
years before the first leaf appears above the ground, by which time many mots may have been
formed. These long delays suggest that the mycorrhizal association is an important factor in
relation to the nutrition, not only of the prothallus, but also of the young sporophyte,

Chromosome counts show a surprising range within the group, for Botrychium has a haploid
number n=45, Helminthostachys n=46 or 47, while in Ophioglossum vulgatum n=250-260 and in
Ophioglossum reticulatum n=631 + 10 fragments.

Despite these divergent chromosome numbers, there can be little doubt that the three genera
of the Ophioglossales are fairly closely related, nor that they represent an ancient and primitive
group of ferns despite the lack of fossil representatives. The reticulate venation of Ophioglossum,
its consolidated fertile spike and its complete lack of a suspensor together suggest that it has
reached a more advanced stage of evolution than either of the other two genera. As in the
Marattiales, it seems that the upright stem is the basic condition, since even in Helminthostachys
the young plant has an erect axis.

Regarding the relationships between the Ophioglossales and the Marattiales, it is not easy to
decide which characters are significant. Of the many characters common to the two groups, most
indicate merely that they have reached roughly the same stage of evolution, rather than that they
are closely related. These may be briefly listed as 1. basically erect axis, 2. stipules at the base of
the petiole, 3. absence of sclerenchyrna, 4. sporadic endodermis, 5. massive sporangium wall, with
stomata, the sporangia showing a tendency to fusion, 6. large spore output, 7. pro thallus long lived,
8. massive antheridium, 9. suspensor present in some, absent in others. Characters which suggest
that the two groups are only distantly related are the circinate vernation of the Marattiales and their
superficial sori, contrasting with the absence of circinate verriation from the OphioglossaJes and
their marginal sporangia.

3. Osmuridales

Osmundaeae Zalesskya*, Thamnopteris*, Osmundites*, Osmunda, Todea, Leptopterls

The modern representatives of the Osmundales occupy an isolated position among the
ferns, intermediate in' many respects between the Eusporangiatae and the Leptosporangiatae but
not necessarily, therefore, linking the two groups phylogenetically, for they are an extremely
ancient group with an almost complete to .il history extending as far back as the Permian. Those
that have survived to the present day can truly be described as 'living fossils'.

I
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All have erect axes, bearing a crown of leaves; and the same is true of the fossil members,
some of which had trunks I m 'or more in height. Among the earliest representatives, in the
Permian, were several species of Zalesskya. These had a solid proto stele in which there were two
distinct regions of xylem (an inner region of short tracheids and an outer one of elongated
tracheids forming an unbroken ring). The same was true of Thamnopteris Schlechtendalii, but T
Kidstonii had a slightly more advanced stelar anatomy, in that the central region was occupied by a
mixed pith of tracheids and parenchyma. Osmundites Dunlopii from the Jurassic was similar to T
Kidstonii, but the contemporaneous' 0. Gibbeana showed some dissection of the xylem ring into
about twenty separate strands. Nevertheless, the stele was still strictly a protostele, since there was
a continuous zone of phloem (and, presumably, endodennis) round the outside. The term
'dictyoxylic stele' can conveniently be used to describe this arrangement. Poor preservation does
not allow any statement to be made about the central pith regions of these two forms, but in the
Lower Cretaceous 0. Kolbei there was definitely a mixed pith. The Cretaceous species 0.
skidegatensis had a pith of pure parenchyma and showed a further advance in having some internal
phloem, while 0. Carnieri was the most advanced of'.all, in being truly dictyostelic. This is most
interesting, for it is a condition not achieved by any modem representatives of the group. Most of
these are no further advanced in stelar anatomy than the Jurassic Osmundites Gibbeana.

Of the living genera, Osmunda (fourteen species) is widespread in both hemispheres,
Leptopteris (six species) is confined to Australasia and the South Sea Islands, while Todea is
represented by the single species T barbara, found in S. Africa and Australasia. (Some taxonomists
include Leptopteris in the genus Todea). Only one species, Osmund a regalis--the 'Royal fern' --is
represented in the British flora. Its stems are massive and branch dichotomously to form large
hummocks. Todea barbara may have a free-standing trunk I m or more high, and so also may
Leptopteris hymenophylloides, while one species of Leptopteris from New Caledonia attains a
height of ~ m.

A transverse section of, the stem of a mature Todea (Fig. 17.4K) exhibits. a typical
dietyoxylic condition. The central medulla is surrounded by separate blocks of xylem, outside
which there is phloem and a continuous endodermis. Occasionally, some internal phloem occurs,
but no internal endodennis. Most species of Osmunda are similar, but 0. cinnamomea sometimes
has an internal,as well as an external, endodennis (Fig. 17.4B). The types of xylem element present
are similar, in some respects, to those of the Marattiaceae, and the position of the protoxylem
ranges from endarch in Todea to nearly exarch in Osmunda.

The leaves, in most species, are leathery in texture, but those of Leptopteris
hymenophylloides are comparable with those of the Hymenophyllaceae ('filmy ferns') and have a
thin pellucid lamina, only two or three cells thick, from which stomata are completely lacking.
During their development the leaves of all species exhibit circinate vernation and are covered with
hairs.' The base of the petiole is broad and winged in a manner reminiscent of the Eusporangiatae
and, after the frond has been shed, the' leaf base is persistent, adding considerably to the diameter
and the mechanical-strength of the stem.'. . ., . .
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The fronds of Osmunda regalis are twice pinnate, those produced first in each season being
sterile. These are followed by partially fertile fronds (Fig. 17.4A), while the last to be produced are
often completely fertile. The fertile pinnules are very reduced tassel-like structures, representing
just the midrib. In the absence of a lamina, the sporangia cannot be 'superficial' and are usually
described as 'marginal'. In partially fertile fronds of 0. regalis, the fertile pinnules occupy the
distal regions, but in those of 0. Claytoniana they occupy the middle regions. Todea barbara has
once pinnate fronds in which the fertile pinnules show scarcely any modification and the sporangia
are superficial, being densely scattered over the under-surface of the lamina. They occupy the basal
regions of partially fertile fronds (Fig. 17.4H). The fronds of Leptopteris hymenophylloides are
large and many times pinnate, with the sporangia scattered sparsely along the veinlets of
unmodified pinnules (Fig. 17.4F). In no case is there any tendency for the sporangia to become
aggregated into sori, nor is there any sign of an indusium.

The sporangium is not strictly leptosporangiate, for several cells playa part in its initiation
and, at maturity, it is relatively large and massive with a stout short stalk. There is some variation
in the shape of the archesporial cell, as illustrated in Figs. 17.4 1 and 17.4J, for it may be
tetrahedral, as in leptosporangiate ferns, or it may be cubical, as in the Eusporangiatae. The
tapetum is formed from the outermost layers of the sporogenous tissue, unlike that of the Euspo-
rangiatae,' and there is also a layer of tabular cells, formed from the same regions, which becomes
appressed to the inner side of the sporangium wall. For this reason, at maturity, the wall appears to
be two cells thick. There is a primitive kind of annulus, formed by a group of thick-walled cells, on
one side of the sporangium and a thin-walled stomium, along which dehiscence occurs, extends
from it over the apex of the sporangium (Fig. 17.4G). Relatively large numbers of spores are
released from each sporangium (e.g- about 128 in Leptopteris and more than 256 in Osmund a and
Todea). The spores contain chlorophyll and must germinate rapidly if they are to do so at all.

+The prothallus (Fig. 17.4C) is large, fleshy and dark green, resembling a thalloid liverwort,
up to 4 em long, The antheridia (Fig. l7.4D) project from the surface; as in Leptosporangiatae, but
are larger, have more wall cells and produce a greater number of aritherozoids than do most of
them. The archegonia (Fig. 17.4E) are borne along the sides of the midrih..they have projecting
necks and differ from those of leptosporangiate ferns only in the number of neck cells (six tiers,
instead of the usual four).

The embryology of the young sporophyte, too, shows some features which distinguish the
Osmundales from the Leptosporangiatae. Not only is the first division of the zygote vertical; hut so
also is the second. It is the third division which is at 'fight angles to the axis of the archegonium,
instead of the second. Subsequent divisions are somewhat irregular and' the embryo remains
spherical for a relatively long time. Ultimately, however, a shoot apex, cotyledon, root and a large
foot appear, but there is some irregularity in their derivation from the initial.ocrants.
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Despite the marginal position of the sporangia in Osmunda, as compared with their
superficial position in the other two genera, the three genera are so similar in other respects that
they are, without doubt, closely related, and this conclusion is supported by chromosome counts.
The haploid number is n = 22 throughout.

~-------------------------------,

Fig. 17.4 Osmundia: A, partly fertile frond of 0. rega/is; B,stele of 0. cinnamomea; C, prothallus
of 0. Claytoniana; D, antheridium; E, archegoniu; G, sporangium. Leptopteris: F, fertile pinnule of
L. hymenophylloides. Todea; H, fertile frond of T. barbara; I, J, sporangial primordia (1 with
tetrahedral archesporial cell, J with cubical archesporial cell); K, stele

(A, F, H, after Diels; C-E, Campbell; G, Luerssen; I, J, Bower; K, Seward and Ford)

4. Filicales

In the past, the name Filicales was applied in the broadest possible sense, so as to include all
the ferns but, recently, its use has been restricted, and it is applied just to the homosporous
leptosporangiate ferns (as in Engler's Syllabus der Pflanzenfamilien). However, even when thus
restricted, it is still by far the largest group of the pteridophytes, for it contains almost 300 genera
and about 9,000 species. Details of their form and anatomy would occupy many volumes and can
only briefly be summarized here, the following families, subfamilies and genera having been
selected to illustrate the salient points (the classification is based on that of Holttum).

Schizaeaceae Senftembergia *, Klukia *, Schizaea, Lygodium, Mohria, Anemia
Gleicheniaceae -Oligocarpia *, Gleichen des *, Gleichenia
Hymenophyllaceae Hymenophyllum, Trichomanes
Dicksoniaceae Coniopteris *, Dicksonia, Cibothum
Matoniaceae Matonidium *, Matonia
Dipteridaceae Clathropteris *, Dictyophyllum *, Camptopteris *, Matonia, Phanerosorus
Cyatheaceae Alsophilites", Alsophila, Hamitelia, Cyathea »<



23)

lACHARY A NAGARJUNA UNIVERSITY CENTRE FOR DISTANCE EDUCA noN)17.13

Dennstaedtiaceae
Dennstaedtioideae Dennstaedtia. Microlepa

Pteridoideae Pteridium, Pteris, Acrostichum (?)
Davalloideae Davallia
Oleandroideae Nephrolepis
Onocleoideae (?) Onoclea, Matteuccia
Blechnoideae Blechnum, Woodwardia
Asplenioideae Asplenium, Phyllitis
Athyrioideae Athyrium
Dryopteridoideae Dryopteris, Polystichum
Lomariopsidoideae Elaphoglossum
Adiantaceae Adiantum, Cheilanthes. Pellaea, Cera top teris, Anogramma
Polypodiaceae Platycertum, Poiypodium, Stenochlaena ('1)

Fig. 17.5. Development of gametangia and sporangia as found in leptosporangiate ferns. A, typical
gametophyte, B-H, stages in development of antheridium (diagrammatic), I, dehiscing antheridium, J,
antherozoid of Pteridium, K-N, stages in development of archegonium. G-S, stages in .development of
sporangium of Polypodium.

(l, apical cell; 2, basal cell; 3, jacket cell)

(A, K-N, O-S, after Foster and Gifford; B-H, Davie; J,' Sadebeck)

As might be expected in such a large group, there is a considerable range of form and
growth habit, from tiny annuals to tall tree-ferns and from protostelic forms to those with highly
dissected polycyclic dictyosteles, yet all are alike in the early stages of development of the
sporangium. This, together with its stalk, arises from a single cell. The first division of the initial
cell (Fig. 17.5 0) is into an apical cell (1) and a basal cell (2). Further divisions take place in each
(Fig. 17.5 P) and give rise to a primary sporogenous cell (shaded in Fig. 17.5Q) and 'a jacket cell
(3). The fanner gives rise to a two-layered tapetum an to a number of spore mother cells,'
surrounded by a sporangium wall one cell thick. Further details of sporangium development differ
according to species, for some have a long slender stalk, only one cell thick, while others have a
short and relatively thick stalk; the majority have a vertical row of thick-walled cells, constituting
the annulus, while some have an oblique row and others merely a group of thick-walled cells; some
have a high spore output, while in most species it is thirty two or sixty-four.

\ .
I
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Most commonly the prothallus is either cordate or butterfly-shaped ranging in size from a
.few mm to I em or more across. There is a midrib several cells thick, but the wings of the
prothallus are only one cell thick. It is surface living, green and photosynthetic, and there are
rhizoids on the underside, among which antheridia and archegonia are borne; the archegonia are
usually concentrated near the growing point, or 'apical notch'. Departures from this typical form
occur in certain families, e.g. some have filamentous prothalli, resembling an algal filament, while
even subterranean pro thalli are known, but this habit is extremely rare.

Stages in the development of the archegonium are illustrated in Figs. 17.5 K-N, the only
variations being in the number of tiers of neck cells at maturity. The structure of the antheridium is

, '

also fairly constant throughout the Filicales. Figs. 22B-H represent the various stages in the
development of the commonest type. The way in which successive cross walls bulge upwards or
downwards is peculiar and is responsible for the formation of the characteristic ring-shaped cells of
which the mature antheridium wall is constructed. At maturity, the cap cell is pushed off (Fig. 17.5
I) to release the antherozoids (usually thirty-two in number) (Fig. 17.5 J). Some families have a
slightly more massive antheridium, composed of a greater number of wall cells and containing
more antherozoids; these are believed to be more primitive than the rest.

The embryology of the leptosporangiate ferns is likewise very constant throughout. The first
cross-wall is almost invariably longitudinal and the second transverse. Thus, the zygote is divided
at a very early stage into four quadrants, two directed towards the apical notch of thegametophyte
(called the inner and outer anterior quadrants) and two away from the notch (called the inner and
outer posterior quadrants). The outer anterior quadrant ultimately gives rise to the first leaf, the
inner anterior to the shoot apex, the outer posterior to the first root, and the inner posterior to the
foot. This, at least, is the procedure described in classical studies, but more recently it has been
stated that the fate of the four quadrants is not always so clearly defined.

Statements that certain characters are primitive and others advanced can be made with more
certainty for the Filicales than for any other group in the plant kingdom, because of the large
number of fossil representatives that are known. Some of the families had already become
widespread by the Mesozoic, while others appeared as long ago as the Carboniferous. A
comparison of these with the rest of the living Filicales makes it possible to draw up an extensive
list of primitive characters for the group as a whole. The following list is based on that of Bower (as
modified by Holttum) with additions by Stokey.

Rhizome -- slender, creeping, dichotomous, with fronds in tworanks on its upper side, protostelic,
covered with hairs.

Fronds -- large, amply branched, dichotomous and of unlimited growth, -the stipe (petiole)
receiving a single leaf trace, the ultimate pinriules narrow and with a single vein; venation without
anatomoses (i.e. 'open').. '
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Sari -- containing few sporangia, terminating a vein.

Sporangia -- relatively large, with stout stalk, without a specialized annulus, developing and
dehiscing simultaneously to liberate a large number of spores .

. Spore germination -- giving a plate rather than a filament of cells.

Gametophyte -- relatively large, thalloid, with a thick midrib, slow to develop.

Antheridium -- large, containing several hundred antherozoids; wall cells more than four in number.

Archegonium -- with a relatively long neck.

In the more advanced ferns, the dermal appendages are usually scales instead ofhairs.and,
as the stem assumes an erect position, the leaves tend to form a crownat the apex. With increasing
size, the stela~ anatomy. becomes more complex, the leaf-gaps overlap,and a dictostele results. Tme

..vessels are known to occur in at least two genera. The fronds become reduced in size and may have
a simple broad lamina with an entire margin and with anastomosing veins, while the .stipe receives
a number of leaf traces. In the most advanced ferns, the fronds are frequently 'jointed' at the base,
i.e. they are shed by means of an absciss layer, a habit which may well be associated with life
outside the tropics, in regions where seasonal changes in climate m~y, be severe. Evolution of the
sorus appears to have taken place in stages, the first of which involved a regular gradate sequence
of development of the sporangia. The next resulted in a mixed arrangement of old and young
sporangia. within the sorus. Still more highly advanced is the condition described as 'acrostichoid,'
where the individuality: of the sorus is lost and the sporangia form a 'felt; that covers the dorsal
surface of the lamina, irrespective of the position of vein endings.

The various stages in soral evolution are often held to be the most important indicators of
relative advancement and, on this basis, many pteridologists subdivide the Filicales into Simplices,
Gradatae and Mixtae. It is important to realize, of course, that these subdivisions represent levels of
evolution and not taxonomic groups. However, it is debatable whether one character should be
weighted to this extent, for it is almost universally agreed among taxonomists that the maximum
possible number of characters should be used in the assessment of phylogenetic status. If all the
primitive characters listed above ~re taken into account, it is possible to calculate roughly an
average 'advancement index' for each family or subfamily, ranging from 0 per cent (the most
primitive) to 100 per cent (the most advanced). This has been done for the families and subfamilies
selected for detailed treatment, and they have been arranged (Fig. ~ on a circular scheme,
according to their advancement index. The most primitive families are near the centre and the most
advanced are near the outside. The broken lines, enclosing 'areas of affinity', indldate which groups
are most closely related to each other (in the main, the views expressed here accord most closely
withthose of Holttum). Such;:l scheme may be thought of as a view, looking down from above, of
the 'tree of evolution' of the Filicales, and while it may not be acceptable to all taxonomists, it does
avoid the error, which is common to most phylogenetic classifications, of suggesting that one
modem family has evolved from another modem family.
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. Fig. 17.6. Circular phylogenetic classification of the Filicales. Families and subfamilies are
arranged so that their' radial position corresponds are arranged so that their radial position
corresponds to their relative advancement (primitive near the centre; advanced near the outside).
Broken lines enclose 'areas of affinity', indicating close relationship. The numbers represent
successive grades of relative advancement, expressed as a percentage ('the advancement index'),
ranging from the most primitive (0%) to the most advanced (100%).

The two most primitive families are the Schizaeaceae and the Gleicheniaceae, and they are
also the oldest, being represented in Carboniferous deposits by Senftenbergia and O/igocarpia
respectively. Both are represented in the Mesozoic, too (viz. Klukia and Gleichenites).
Schlzaeaceae

The Schizaeaceae are represented today by four genera and about 160 species, most of
which are tropical or subtropical in distribution. In all of them, the sporangia are borne singly
instead of in sori ('monospogranial sori" and they show the most primitive type of dehiscence
mechanism known in the Filicales. In all, the annulus consists merely of a terminal group of thick-
walled cells (Figs. 17.7A-D) and dehiscence is longitudinal. The stalk of the sporangium is short
and thick and the spore output from each is 128 or 256. The sporangia arise simultaneously, on the
margin of the frond, and are unprotected, except by the inrolling of the margin, or marginal flaps, of
the pinnule. Lygodium is one of the few modem genera of ferns to have fronds of unlimited growth,
forming twining structures 30 m or more in length. Unlimited growth is a feature which, in most
plants, is taken to distinguish stems from leaves. When it occur sin fronds, as in this case.jt is,
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therefore taken as evidence that they have evolved from stem structures (or are still in the process, .

of doing so). Further evidence that the frond of Lygodium is very primitive is provided by the
structure 'of the leaf trace, which shows only slight departures from radial symmetry. The other
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Fig. 17.7 Sporangia of Filicales; A, Anemia; B, Schizaea; C, Lygodium; D, Mohria; E, F,G,
Gleichenia; H, I, Matonia; J, K, L, Hymenophylium; M, N, Cibotium;

0, P, Hemitelia; Q, R, S, Dipteris; T, U, Adiantum
(A-D, after Prantl; E-S, Bower; T, D, Muller)
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hree genera have leaf traces which are clearly dorsiventral and 'gutter-shaped'. Their stem
structures, too, are more advaned for, whereas Lygodium has a creeping protostelic rhizome,
chizaea has an oblique rhi10me with a medullated protostele, Anemia has a creeping or oblique

rhizome which is either solenostelic or dictyostelic, while Mohria is dictyostelic. It is interesting to
note, also, that Mohria is the most advanced in its dermal appendages, for they are glandular scales,
whereas those of the other three genera are hairs. In Anemia, only the two lowermost pinnae are
fertile.

The prothalli are flat thalloid structures, except in some species of Schizaea, where they are
filamentous, with occasional mycorrhizal cells and with the gametangia at the tips of short lateral
filaments. Bower remarked that these filamentous prothalli are 'the simplest prothalli known among
the Pteridophyta. They suggest a primitive state, and provoke comparison with .green Algae'.
However, their simplicity is' now regarded as the result of evolutionary specialization, instead of
representing a primitive state.
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Of the four genera, Lygodium has the most complex antheridial wall and, the highest output, .
of antherozoids (1~6). ,

Gleicheniaceae
~, .

This family is represented by about 130 species belonging, mostly, to the one' genus,
Gleichenia (some taxonomists prefer to split the genus into four). A number of .rather different
types of-leaf morphology occur, two of whichare illustrated in Figs. 17.7C aI)..d/r7.7D, but in all of
them the growth of the main rachis is arrested, until a pair of primary laterals has formed. In Some
species, these are of limited growth (Fig. 17.7C), but in others they-too may terminate in dormant
buds, 'so producing a variety of 'patterns, some looking superficially like a selies of regular
dichotomies (although, in fact, they are psuedo-dichotorrries, because of the dormant apical bud in
each angle). In others, there is a zig-zag iarrarigement of branches (Fig. 17.7D). As in the,
Schizaeaceae, therefore, the fronds areofindefinite growth, and some attain a length of 7 m or
more. They arise from a creeping dichotomous rhizome which in most species is protostelic>A;'re~,
however, achieve a solenostelic condition, e.g. G. pectinata, a relatively advanced condition which'
is associated with a larger number of sporangia in the sorus than is usual in the genus. Yet, in this
species, the dermal appendages are hairs, whereas scales are commonlypresent in others. Divergent
facts such as these serve to emphasize the point that the evolution or different characters does not
necessarily keep step, the result being that most organisms show a combination of advanced and,
primitive characters. This is why it is unwise to focus attention unduly on one character, 'when'
attempting to assess the relative advancement of taxonomic group~

"

The sporangia, in strong contrast to those of the Schizaeaceae, are borne superficially on the
abaxial side of the frond. Theydevelop simultaneously and are arranged in sori containing, often,

only a single ring of sporangia, seated either at a vein ending or, more usually, ovel the middle of a
vein. There is no indusium at all covering the sorus, whose only protection is a covering of hairs or
scales. Each sporangium is pear-shaped (Figs. 17.7 E-G), has a stout stalk.rand dehiscesby means
of an apical slit. Dehiscence is brought about by, the contraction of the thickened cells of the
annulus, which runs obliquely round the sporangium wall. Large numbers-of sporangia are liberated
from each, ranging from 128 to more than 1,000.'

The gametophyte is primitive, in that it is large, massive an<;t slow-growing. When old, it.
becomes much fluted and develops an endophytic mycorrhizalassociation. The antheridia are larger
than in any other leptosporangiate fern and resemble those 0'[, the Osmundales.vThose of G.
laevigata are as much as 100 !1 in diameter and contain several hundred antherozoids.

5. Marsileales

This order includes a single family, ~~rsileaceae. ,The family~~s three living genera
Marsilea, Pilularia and Regnellidium.-,-Tfiey are heterosporous aquatic .ferns, The sporangia of
these are produced within speciaYstructures known as Sporocarps. Each' sporocarp possesses many
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sori which bear microsporangia and megasporangia. The soriare gradate i.e. the oldersori are found
at their terminal end of the receptacle and youngest at the base. Biochemical studies on
Marsileaceae conducted by Wallae et al. (1984) have revealed that chemically they are similar to
primitive leptosporangiate families such a~ Hymenophyllaceae. Flavond 3.0 mono and
diglycosides, C-glycosylflavones and C-glycosyl anthones are some of the polyphenohc
compounds reported from Marsileaceae of the three members.

The genus Marsilea are about 65 species. There are distributed all over the world. They are
more commonly found in tropical regions, such as Africa and Australia. Gupta and Bhardwaja
(1957) have recorded about ten species of Mars ilea from our country. The plants grow in aquatic
(M. quadrifolia) or semiterrestrial (M. condensata) habitats. A few species are known to grow in
dry soil. Launert (1984) has reported 26 species of Marsilea from Africa. Some of the common
species are M. quadrifolia, M. hirsuta, M. minuta, M. vestina and M aegyptiaca etc.

7. Sporophyte
(i) External Morphology

The plant body consists of a creeping cylindrical rhizome which is partly or completely
subterranean. The rhizome has an indefinite length which varies with the growth conditions and
under luxuriant growth conditions it may reach a length of 25 metres. Branching in the rhizome is
quite frequent and it may be auxillary or lateral (Fig. 17.8).

------------------------------,

Fig.17.8 Marsilea : Habit of M. quadrifolia
(adopted from S.Sundara Rajan, 1994)

Leaflet

~~---'IHI-- Rhizome
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The rhizome is distinguished into nodes and internodes. .The nodal regions are slightly
swollen. the internodes are longer in aquatic species (M quadrifolia) and shorter in terrestrial .
species. The leaves and roots are generally borne at the nodes.

The leaves have a long and slender petiole. In aquatic species only the lamina floats on the
surface of water. The leaves are arranged alternately in two rows on the upper surface of the
rhizome. The leaves are compound and have a varying number of pinnae. The number of Pinnae
per leaf may be 3, 5, 6, 7 or 8. Frequently it is four as seen in M. quadrifolia. The leaves show
circinate venation. The pinnae vary in their shape. They may be obovate, obeuneate or elliptical.
They mayor may not be lobed. The margin of the Pinnae may be smooth or dentate (M minuta).
The venation is of the closed reticulate type. The pinnae exhibit sleeping movements.

Roots are borne on the under surface of the rhizome at the nodal region. But is not
uncommon to find roots emerging from the internodal region. Roots develop in a cropetalous
succession (youngest near the growing tip of the rhizome).

The plant bears reproductive structures which are very special to Marsileales. These are
called sporocarps.: The sporocarps have a stalk called the peduncle or the pudicel. The peduncle
may be attached t? the stem or the petiole. The sporocarps are bean shaped and bisporangiate.

(ii) Internal Structure

(a) Rhizome: A transection shows the usually three regions, viz., epidermis, cortex, and central
stele. Epidermis is single layered, continuous and lacks stomata. The cortex has many regions.
Outer most cortex consists of compactly arranged parenchyma cells, Next to this is the
aerenchymatous cortex. This consists of broad air spaces separated by parenchymatous 'partitions.

. /

Internal to the aerenchyma is the sclerotic zone having one or two layers of thick walled cells. The
inner most region of the cortex is again parenchymatous. In this .region may be found a few tannin
cells.

The central vasculature is an amphiphloic solenostele. As is typical to such steles there is
an outer endodermis, outer pericycle. Outer phloem, xylem, inner phloem, inner pericycle and
inner endodermis. The composition of the pith various with the habitat (Fig. 17.9).

It is sclerotic in terrestrial species but parenchymatous in aquatic species. In the xylem ring
there may (M. vestita) or may not be (M. quadrifoliaj a distinction between proto and metaxylem
when a distinction exists there are many exarch protoxylern points. The xylem may be measarch in
Maegyptiaca (Gupta and Bharadwaja, 1956). Leaf traces depart from the vascular cylinder to
provide the leaf.
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Epidermis

Protoxylern

. Outer Phloem~""""V"..L '

Pith

Outer pcricycle

Outer Endodermis

--~
\ Fig. 17.9 Marsilea : TS. of Rhizome

(adopted from S.Sundara Rajan, 1994)
(b) Leaf: The petiole has an r-----
outermost epidermis. The cortex has I Cuticle Epidermis

two zones VIZ., an outer!
aerenchymatous and an inner
parenchymatous zone. The inner
zone is rich in starch and tannin. The
vasculature consists of a "V" shaped
xylem with the two arms slightly bent
outwards. Sometimes, the two arms
may be separated at the base also.
The xylem is surrounded by phloem,
pericyc1e and endodennis.

Fig. 17.10 Marsilea : TS. of Petiole
(adopted from S.Sundara Rajan,1994)

Hypodermis

Outer cortex

-f'~-Air space

Inner cortex

iL ~ _



1M. Sc. BOTANY:: PTERIDOPHYTA 17.22 PTEROPSIDAj

The lamina is bifacial. Ithas an upper and lower epidermis bounding the mesophyll. Leaves may
be epistomatic (aquatic) or amphistomatic (terrestrial). The mesophyll shows clearly defined
palisade and spongy parenchyma. Vascular bundles are concentric with the centrally situated
xylem surrounded by phloem.

(c) Root: ' Anatomically the root shows a single layered epidermis, a three zonal cortex and a
central protostele. The cortex has an outer aerenchymatous, a middle parenchymatous and an inner
sclerotic zone. Stele is bounded by an endodermis and pericycle. Xylem consists of two large
metaxylem tracheids and two protxylem tracheids. It is exarch and diarch. Vessels have been I

reported in M. quadrifolia, M drummondii and M hirsuta. (Fig. 17.11).

\ ...•

Fig. 17.11 Marsilea: Root T.S. 244
(adopted from S.Sundara Rajan, 1994)

8. REPRODUCTION
(i) Spore producing organsr 'L

As has already been pointedout, the spore bearing structures, are called sporocaps. Each
sporocarp has a .short stalk pedicel. The mode of attachment of the pedicel to the plant is varied. In
M. polycarpa and, M. subangulfta, the pedicels are directly attached to die petiole in a linear
sequence. In M quadrijoiia,T(edicels of manysporocarps join together and have a common stalk
joined to the petiole.' In M vestita, a single pedicel is attached to the base of the petiole.
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The sporocarp is bisporangiate and is usually, light green in colour. At the point of
attachment of the pedicel to the body of the sporocarp there are one to two teeth like projections
called "tubercles".

(il) Development of the Sporocarp

Sporocarp development has been studied in. detail by Johnson (1898), The sporocarp
originates early in the ontogeny of the leaf. In a young leaf one of the transyersely placed apical
cell gives rise to the sporocarp long before the appearance. of the lamina. In a young growing'
sporocarp, the tip enlarges and is directed horizontally.. With the enlargement of the tip, two rows
of soral mother cells appear on the ventral side. These give rise to two rows of sori .when sori are
developing, to marginal cells with draw and form spaces, called soral canals. The soral canal is
lined at its inner face by a tissue, called inducium.

Each sorus consists of a band offertile tissue called receptacle. It is in this, the sporangial
initials arise.

(Hi) Development and Structure of Sporangia

Marsilea is heterosporous. The sporocarp bearsboth types of sporangia. In fact, each sorus
- produces both microsporangia and megasporangia, The sporangial initials develop along the top

and sides of the receptacular tissue in the sorus.iThe' initials that-appear first the top of the sorus
develop into megasporangia, while those to~ardsJhesides develop into micro sporangia. The soral
nature may be said to be of.the gradate type.', " '. : .

Early stages of development are similar in both micro and megasporangia. The differ
entiation setsin only at the spore mother cell stage. ' c

"'-, . ;

.' ~ -,

One of the superficial cells' on, thesorus functions ,as the sporangial initial. This divides
periclinally to form an outer cell and alowercell.. The inner cell does not contribute to any part of
the sporangium. The outer cell cuts off a tetrahedral apical cell by three intersecting divisions.
Segments that are cut off from the three sides develop into stalk and basal portion of the jacket.
The apical cell, then divides periclinally to forman outer.jacket initial and an inner primary
archesporial cell. The jacket initial (by anticlinal divisions) builds up the single layered jacket. The
primary archesporial cell on each of its side cuts off tapetal 'initials. The tapetal initials.develop a
two to three layered tapetum. The central cell (archesporial cell) is now called the sporogenous cell
and divides repeatedly to form 8-16 spore mother cells. These divide meiotically to form 32-64
spores.

, Initially, the number of spores appears to he the same in both micro and megasporangia.
S~~sequent1y, ina. s,rorangi.um that is to .become ~ "~as~orangium all spores except one
disintegrate. The disintegrating spores add to the, periplasmodium formed by the tapetum. The
surviving megaspore-enlarges and' almost fills the sporangial cavity. In a sporangium that is to
become a micro sporangium all the spores are functional.

There is.no special dehiscence mechanism in both the types of sporangia.'. '
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(iv) Structure of the Mature Sporocarp

The sporocarp is made up of two valves which can be split open along the dorsiventral plane
so as to reveal the internal structure. The wall of the sporocarp is very thick. Adhering to the wall
is a gelatinous ring that extends in the sporocarp cavity. There are two rows of sori, one row
corresponding to one value. The number of sori per row ranges from 2-20 .. The sori are arranged
approximately parallel to the pedicel of the sporocarp. Each sorus is encased in a thin inducium
and has a row of megasporangia on top and two rows of microsporangia towards the sides. In M.
rajasthanensis, sometimes the sporocarps may have only microsporangia (Gupta, 1962).

(v) Vasculature in the Sporocarp
J

The sporocarp is supplied by a single vascular trace called the Dorsal median bundle. At the
region of the tubercle this forks into and the branches supply the two values. From each branch of
the Dorsal median bundle a number of laterals or commissurals are given out, one corresponding to
each sorus, the laterals also fork half way and the two forks run on either side of the sorus, From
the point of for king of the lateral, another bundle (placental bundle) starts and enters into the
receptacle where it also forks. The ends of the forks of the laterals are not free. They fuse with
those of preceding and succeeding forks forming a closed network.

(vi) Detailed Internal Structure of the Sporocarp

Sections cut at different planes clearly reveal the internal structure, The following are the
three planes of section.

1. Vertical longitudinal section or section cut paralleled to the flat surface of the sporocarp.
2. Horizontal section or section perpendicular to the pedicel.
3. Vertical transverse section or section perpendicular to the flat surface of thesporocarp.

(vii) Vertical longitudlnal section

The section shows a wall made up 'of three layers of cells. the outer most is epidermis
which.has stomata and two hypodermal layers. The hypodermal cells are columnar. Next to the
wall is to continuous gelatinous ring. Sori are cut length wise., Sori of only one valve can be seen.
If the section is slightly superficial only microsporangia (two rows) are seen and, if the section is
deeperonly megasporangia (one row) are seen. An inducium envelops all the sori (Fig. 17.12).

, I

(viii) Horizontal section

In ~ horizontal section, the pedicel will he cut transversely; It is in this section that the sari
of both the valves can be seen. The wall of the sporocarp consists of three layers of cells. Its
structure is same as in vertical longitudinal.section. The gelatinous ring iscuttransversely and can
be seen in the form of two patches at eitherend of the section. All the sori are cut transversely, so
also the inducial covering and the lateral bundles which can be. seen at the base of the sorus, In
each sorus can be seen a terminal megasporangium and two lateral microsporangia (Fig. 17.l3).
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L
Fig. 17.12 Marsilea: Internal structure of the Sporocarp

, (vertical long section parallel to the surface)
(adopted from S.Sundara Rajan, 1994)

-----~-~--------:--------:-~---,

Microsporangia 'Megasporangium

Fig. 17.13 Marsilea : Internal Structure of the Sporocarp
(Horizontal section)

(adopted fro-n S.Sundara'Rajan, 1994)
., !i 1
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-- (lx) Vertical transverse section I
I
I
i

-·In this section, both the valves. are cut. The
wall consists' of the usual three layers. The
gelatinous ring is cut transversely and is present in
the form of two patches at either end of the section.
Sori are cut length-wise and each sorus represents a
valve. Inducia are attached to this. A slightly
superficial section shows only microsporangia and
a deeper section shows a row of mega- sporangia I

with one or two microsporangia at either end of the II

sorus (Fig. 17.14).

I
I

L-------'..------l

~~;-~;;:-~:__Commissural Bundle

t';'r1~-'I- GelatinousRing

~i-+---t--Microspo(angia

C?:~tI!l1V7::'Jill.Ll.-f.--r-- Megasporangium

~4+rit-r---t-lnducium

1::iY1f:i'f+-~-Placentaf Bundle

Fig. 17.14 Marsilea : Internal structure of
the Sporocarp (Vertical
transverse section)
(adopted from S.Sundara Rajan, 1994)

(x) Dehiscence of the sporocarp and liberation of the sori

There does not seem to be a natural dehiscence mechanism brought about by the inherent
force. The wall is very thick and unless probably injured by external agent, the sporocarp may
remain unopened for a long time. There are reports of viable sporocarpsas old as 30-35 years .

.When there is an injury,
the sporocarp absorbs water and
splits open along the ventral'
suture. The gelatinous ring first A
produces out a little. A break
occurs in the ring and the ring

-------extends out like a long
gelatinous band carrying with it,
the sori. The gelatinous band is
called the sorophore since it
looks like a _stalk bearing the
sori. The sori break their
connections with the sorophore
soalso the sporangia with the I

sori. 'Ultimately the sporangial
wall ruptures. liberating the
spores (Fig. 17.15).

Fig. 17.15 Marsilea: Dehiscence of Sporogarp and Liberation of Sori (A-C), D. A Receptacle
(after its discharge from the sporocarp) (adopted from S'Sundara Rajan, 1994)

, .
, ,~..;.•• j • ,
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9. Gametophytes

\ Marsilea is heterosporous. As such, there are two types of gametophytes. Both the male
and female gametophytes are endosporic .

.(i) Structure of the microspore and development of the male gametophyte

Microspores are generally globose. The diameter of the spore ranges from 0.06 to 0.075
mm. There are two wall layers. There is a centrally situated nucleus surrounded' by starch rich
cytoplasm.

The germination of the microspore is very rapid and the entire development is completed
with in about 10-12 hours resulting in the release of antherozoids. The nucleus of the microspore
migrates to a side where it undergoes a division (wall 1-1) to cut off a small prothallial, cell and a
large primary antheridial cell. In some cases (M. elata), a second prothallial cell may be formed.
The primary antheridial cell divides by an oblique or diagonal wall to form two antheridial cells.
Each of which forms an antheridium.

Each antheridial cell cuts off a periclinal cell to form a central cell and a jacket cell. The
central cell cuts off a small sterile cell and a large cell. The sterile cell forms the second jacket cell.
The large cell divides
periclinally and forms the third
jacket cell and a central
primary androgonial cell. At
this stage, the antheridium has
one prothallial cell, two
primary androgonial cells and
six jacket cells. Each primary ProthallialCell
androgonial cell gives rise to
16 antherozoids (totally there
will be 32 in the gametophyte)
which are cork screw shaped
and multiflagellate. Since the
androcytes are in two groups
separated by the sterile cells, it
has been assumed that there
are two antheridia in the
gametophyte. At maturity, the
jacket cells disintegrate
liberating the antherozoids
(Fig. 17.16).

Fig. 17.16 Marsilea : Development of Male Gametophyte (redrawn from sharp)
(adopted from S.Sundara Rajan, 1994)
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(ii) Structu re of the Megaspore and Development of the Female Gametophyte

The megaspore is ellipsoidal to oval in shape and has.a small papilla protruding at one end.
Size varies from 0.41 x 0.36 to 0.8 x 0.5 mm. According to Chrysler and Johnson (l939), four
layers are recognisable in the megaspore. These are:

(a) endospore, this is continuous under the papilla,
(b) inner layer of epispore not seen under the papi Ila,
(c) prismatic layer of epispore, this is also continuous under the papilla, and
(d) outer epispore, continuous under the papilla.

The single nucleus of the megaspore is situated in the papilla region. The basal part of the
megaspore is rich in reserve food materials like starch, oil and albuminous granules.

Detailed account of the development of the female gametophyte has been studied in M.
vestita by Campbell (1892). The foregoing account is based mainly on his observations.

As in the male gametophyte, in the female gametophyte also the development is rapid and it
is completed in about 12-15 hours.

The first division is transverse and it cuts off a small cell limited to the papilla region and a
large basal cell occupying the remainder of the cavity. The entire gametophyte is derived from the
papilla cell. The basal cell does not divide further. It increases its reserve food content. Its only
.v.nction is nutrition of the developing gametophyte and embryo. Subsequent divisions in the
papilla cell result in the formation of a central cell surrounded by three peripheral cells. This cuts
off a basal cell and functions as the archegonial initial. The remaining cells divide transversely as
well as vertically to build up a small amount of vegetative tissue. The archegonial initial divides
periclinally to form an upper
primary cover cell and a lower
central cell. The primary cover
cell divides to form a neck of two.
tiers of four cells each. The
central cell divides to form a
primary canal cell and a primary
venter cell. The primary canal
cell mayor may not divide,
primary venter cell divides to

.form il venter canal cell and an
egg cell (Fig. 17.17).

Fig. 17.17 Marsilea : Development of
Female Gametophyte
~adopted from S.Sundara Rajan, 1994)

Basal Cell" Papila Cell
"'~'"

I
I

I

I
L_
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.A mature female gametophyte has a cap of tissue enclosing the single archeogonium and a basal
unicellular portion. The nucleus in the basal nutritive portion of the gametophyte may divide
amiotically (Coker, 1903) as in M. drummondii. The female gametophyte is surrounded by a
gelatinous layer which has a funnel shaped opening above to receive the antherozoids .

./ (iii) Embryogeny

Like in the development of gametophytes, embryogeny is also very rapid and the first leaf
projects out within 2-4 days after fertilization.

The first division of the zygote seems to be influenced by gravity. It is parallel to the long
axis of the archegonium and since the female gametophyte is prone, zygote forms an upper cell and
lower cell. The upper cell gives rise to stem and leaf and the lower cell gives rise to foot and root.
Quadrant divisions follow next, and they are followed by octant walls. When the embryo is
developing, a protective sheath called calyptra develops from the gametophyte. Root grows
vertically down and establishes the spore ling in the soil. Earliest leaves are simple and do now
show circinate vernation (Fig. 1i.I8).

A

1
C

~~-------'------ ...----------.-- ~_-.J

Fig. 17.18 Marsifea: Embryogeny
(adopted from S.Suhdara Rajan, 1994)
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11. Salviniales
Salviniaceae Salvinia

Azollaceae Azalia

Whereas most of the members of the Marsileales are rooted in the soil, either in or near
water, all the members of the Salviniales are. actually floating. Azalia has pendulous roots, but
Salviniet is completely without them. Like the Marsileales, their sporangia are borne in sporocarps.
However, the morphological nature of the sporocarps is quite different, for each sporocarp
represents a single sorus whose indusium forms the sporocarp wall.

The only member of the group to be represented in the British flora is Azolla filiculoides,
described as recently naturalized from N. America. However, it was a native British plant in
Interglacial times. It has an abundantly branching rhizome, with a minute medullated proto stele,
and with crowded overlapping leaves about 1 mm long (Fig. 17.21A). These have two lobes,
within the upper of which is a cavity containing the blue-green alga Anabaena azollae.

Sporocarps arise on the first leaf of a lateral branch and are usually of two kinds=large ones
containing many micro sporangia and small ones containing a single megasporangium, although
sporocarps with both types of sporangium are sometimes present. The early stages of development
are similar in both types of sporocarp, for there is an elongated receptacle on which numerous
sporangial initials arise. However, during development, the microsporangial initials abort in the one
case (Fig. 17.21B) and the megasporangial initials abort in the other. In both types of sporangium
there is an abundance of mucilaginous 'periplasmodium', which becomes organized into
'massulae'. In the megasporangium there are four such massulae, in one of which the single
megaspore is buried. Fig. 17.21C illustrates the dehiscence of a megasporangium, the apex of
which is cast adrift as a cap over the four massulae. The megaspore then germinates to produce a
cap ofprothallial tissue, within which several archegonia develop (Fig. 17.21D).

When the micro sporangium dehisces a variable number of spherical frothy massulae arc
.liberated, each with several. microspores near the periphery. Each bears a large number of peculiar
anchor-like 'glochidia' (Fig. 17.2IE). These become entangled with the massulae surrounding a
megaspore and, together, they sink to the bottom, where the microspores germinate, without being
released from the massulae. The male gametophyte (Fig. 17.21F) has a single antheridium from
which eight antherozoids are liberated.

The cleavage of the zygote is typical of the leptosporangiate ferns, and as soon as the first
leaf appears the sporeling rises, carrying the massulae etc. once more to the surface.

There are about twelve species of Salvinia, several of which occur in Africa. Its horizontal
floating stems, up to 10 em long, have a much reduced vascular anatomy and bear leaves in whorls
of three (Fig. 17.21G), two floating and one submerged. Whereas the floating leaves are entire and

.covered with peculiar unwettable hairs, the submerged leaves are finely divided into linear
-segments that bear a striking resemblance to roots (Fig. 17.2IH). However, it is doubtful whether
. they perform the functions of roots. Growth is rapid and fragmentation occurs easily. with the resull
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that ponds and lakes in tropical regions may rapidly become covered and canals choked.
The first few sporocarps to be formed in each cluster contain megasporangia, up to twenty-

five in each, and the later ones microsporangia, in large numbers, on branched stalks (Fig. 17.21 I).
An except one of the potential megaspores in each megasporangium abort, and the functional
megaspore becomes surrounded by a thick perispore (Fig. 17.21 J), which later becomes cellular
and comes to look. superficially, like the pollen chamber of a gymnosperm seed.

Fig. 17.21 Azolla: A, portion of plant of A. filiculoides; B, sporocarp with young
megasporangium; C, megasporangium with massulae; D, the same with female prothallus; E,
massula from rnicrosporangium; F, male prothallus. Salvinia: G, portion of plant of S. natans; H,
node with sporocarps; I, sporocarps with megasporangia and microsporangia; J, megasporangium;
K, microsporangium; L, male prothallus; M, archegonium; N, female prothallus with young
sporeling attached. (1, column; 2, leaf; 3, root)

(B, after Pfeiffer; C, E, Bernard; D, Campbell; F,L, Belajeff; G, H, Bischoff; I, Luerssen; J,.
Weymar; K, H, Yasui; N, Lasser) .

(adopted from 'The Morphology of Pteridophytes' by K.R.Sporne, 1974)

Within the micro sporangium, the sixty-four microspores come to lie at the 'periphery of a
single frothy massula (Fig.' 17.21 K). They remain within the sporangium throughout and, as they
germinate, the male prothalli project all round. Each male pro thallus contains two antheridia (Fig.
17.21 L) producing a total of eight antherozoids. . .

The megaspore, too, remains throughout within the 'sporangium, .after it has become
detached. The female prothallus protrudes, as - a cap of tissue from which extend backwards two
narrow horizontal wings, or 'stabilizers'. Several archegonia develop, in a row, across the upper side
of the projecting cap, each with a short neck, a neck canal cell with two nuclei, and a ventral canal
nucleus (Fig. 17.21M).
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Fig 17.21 N illustrates a young sporeling, still attached to the female prothaHus within the
megasporium, and shows the peculiar development ofa 'column' (1), which separates the first leaf
(2) and the stem (3) from the foot, which remains embedded in the prothallus. The early stages of
segmentation of the zygote are peculiar and their morphological relationships are not fully

. established. At no stage is a root primordium distinguishable.

If the relationships of the Marsileaceae are obscure, those of the Salviniales are even more
so. The' gradate origin of the sporangia within the. sporocarp, the intercalary growth of the
receptacle in Azalla and the vestigial oblique annulus have led to the suggestion that the group has
affinities with the Hymenophyllaceae. However, this hardly seems acceptable, in view of the many
extraordinary features that mark them off from all other ferns.

~

10. Summary
These unfem like plants represent' a group of ferms which have diverged far from their

immediate relatives in habitat, habit and method of reproduction. They are typicalleptosporangiate
ferns in many characters, standing in respect to order of sporangial development at the graduate
level, or perhaps slightly higher since there is evidence of transition to the mixed condition. The
adoption of heterospory is the outstanding advance in the family. The development of (he special
structures is surely related to the aquatic habit, the fertile pinnae are modified in a highly complex
manner to form a protective structure adapted tohabitats where there is a seasonal change from wet
to dry, where long periods of drought may alternate with brief wet periods. The extraordinary
rapidity of gametophyte and embryo development is perhaps also correlated with possible brevity
of the wet period.

The three genera are much alike in technical characters and obviously are rather closely
related. In respect to the leaves they seem to form a series in reduction of the leaf blade; The lower
submerged pinnae were lost or if fertile, transformed into purely reproductive' structures, in
Marsilea the four distal lobes persisted, in Regnellidium two, in Pilularia all were lost. In the
sporocarp also, the last genus shows greatest reduction; the sod are reduced to four to two in P.
minuta were the sporangia are but three in number, with a solitary megaspore.

The leaf of the family fundamentally dichotomus, that of Mrsilea sympodial, b'uilt up by
successive dichotomies. This type of branching is evident in the sporocarps.also, The venation of
leaf and sporocarp follow the same plan.

The sporocarp. in the equivalent of the tip of a pinnour pinnule, four leaflets and the end of
the rachis going into its make-up. The two distal leaflets make up to body of the capsule. the
proximal two forming the lower tooth. The sori are borne on the incurved margins of the thickened
leaflets and heavy shoulders of tissue develop beside the sori enclosing them completely. TIle
incurving is probably adaxial. Thesporocarps are all bilaterally symmetrical and though that of
Regnellidium is insufficiently known ate apparently homologous.
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With this interpretation of the sporoca1"p/-tl1~damental form of the frond is brought in
question. The distal parts of the blade havebeen retained in a reduction due to life in water, those
of the leaf apex being vegetative, those of the pinnae fertile. The modification of a typical pinnate
froud would produce the leaf type of species with a solitary sporocarp if all pinnae were lost but the
lowest on one side, a similar asymmetrical reduction having several pinnae, all on one side would
produce the polycarpa condition. But in species such as M. quadrifolia with two or three (rarely
four) sporocarps on one stalk, the interpretation is not ready. Sporocarp arises from the stalk of
number 1, number. 3 similarly on the stalk of number 2. A one-sided pinnae is thus built up.
Among architecture types in fern founds there are occasionally seen such unilateral pinnae, for
example, in Hymen ophyllum secundum and in Pteris semipinnata. The leaf of Marsilea may
possibly have been derived frO/SUCh a frond.

17.33
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Fig . .17.19 Marsilea : Diagrammatic life-cycle
A, plant with sporocarps (sporophyte); B, a sporocarp; C,. microscope mother cells within
microsporangium; D, megaspore mother cells within megasporangium; E, megaspore mother cell:
F, microspore mother cell; .G, megaspore tetrad; H, microspore tetrad; I, mierospore: J.
megagametophyte; K-L, formation. of microgametophyte; M, archegonium with egg: ~.
antherozoid; 0, the egg; P, oospore; Q, early stage of embryo formation; R, young 'sporophyte
(adopted from College Botany, VoU!, B.P. Pandey, 1979)



\ACHARY A NAGARJUNA UNIVERSITY 17.35 CENTRE FOR DIST ANCEEDUCATIOfil

SPOAOCARP----i-::~--,~ \\
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(SYNGAMY) G'''l'' I?O"o MICROSPORANGIUM ..\.. .. ' .. '
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Fig. 17.20 Marsilea. Graphic life-style
(adopted from College Botany Vol.II, B.P. Pandey)

. ~ __ M_A_R_S_ll_EA__ ~. ' ..

EMBRYO

/'

, The method of treeing the spores' from the sporocarp is simple in two genera but remarkably
elaborate in Marsilea. In respect to this feature, Marsilea has advanced beyond its sister genera.

, Under heterospory many structural features are found to he similar to those of other groups,
but in certain important features there are outstandingdifferences, The megaspores are bomf
singly in the sporangia and are large and contain much food m-aterial. In their development,
however there is abortion of spores .110t of sporocytes as in Selaginell and Isoetes. Reduction ih I'

numberof megaspores formed goes far in that the number of megasporangia per sorus is small, anti
~ P. minuta reaches one an entire sorus with but one spore, a sporocarp with but two. Thb
development of the gametophytes is in general like that of other heterosporous types. The female
prothallium goes further in reduction n that but are archegonium is ever formed. The number of

, cellsof the gametophyte is very small, the basal food-containing cell does not divide.

The embryo' in development follows the leptosporangiatemethod, ,and the restriction of
function to definite .quadrants is unlike that of other gradate ferns and is like that of the
polypodiaceae,the highest family among leptosporangiate ferns.

The family in many respects - leaf form and structure, type of hair. anatomy position, and
linn of sorus and of sporangium type of annulus. .
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SEtF ASSESSMENT QUESTIONS

Essay Type Questions:

1. Describe the structure and morphology of the sporocarp of Marsilea.
2. Describe the External and Internal features of Marsilea with the help of diagrams.
3. Describe the gametophytes of Mars ilea.
4. Give an illustrated account of arrangement of various types of spores in sporocarp of Marsilea.
5. Deseribe the morphology of Salvinia
6. General Charaters of Marattiales

Short Answer Questions:

1. Write note on Marsilea "rhizome"
2. -Draw neat and labelled diagram of T.S. of Marsilea petiole.
3. -HLS & VLS of sporocarp of Mars ilea.
4. Write note on Azolla
5. Ophioglossum
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PTERIDOPHYTA

LESSON-XVIII

EVOLUTIONARY ASPECTS OF PTERIDOPHYTA

OBJECTIVES

1 Vasculature in Pteridophytes
2. Heterospory and seed habit
3. Alternation of Generations
4. Apogamy, Apospory and Parthenogenesis
5. The Telorne Theory
6. Comparative Study-I
7. Comparative Study - II

1. Vasculature in Pteridophytes

All the Pteridophytes possess a vasculature in the center of the axis traversing from one and
to the other and branching with all the branches.

The two main vascular elements are the xylem and phloem. The xylem consists of mostly,
tracheids and rarely, Vessels (Selaginella, Pterisetc.). The tracheids have different types of
thickenings like scalariforrn, pitted, annular etc. The tracheids or vessels are of two types viz.,
protoxylem and metaxylem. The former matures early and has a narrow lumen while the latter
matures later and has a wide lumen.

The relative distribution of protoxyiem and metaxylem elements fOTITISthe basis for the
classification of xylem group into three. types viz., exarch (centripetal, protoxylem pointing towards
the periphery), endarch (centrifugal, protoxylem pointing towards the center), and mesarch
protoxylem having metaxylem on either side).

,~"



1M. Sc. BOTANY:: PTERIDOPHYTA 18.2 EVOLUTIONARY ASPECTS OF PTERIDOPHYTAj

'--'--~---~

Metaxylem

Protoxylem -~~-e:iO""",(:J

Proto){ylem '

-~- Protoxylem

Fig. 18.1 Dir;ectionof mat-illilCionof Xylem Elements
A. Exarch, B. Endarch C. Mesarch

(adopted from Introduction to Pteridophyta - S.Sundara Rajan)

The phloem is composed of sieve tubes and phloem parenchyma. A sieve tube consists of a series
of long, living cells with sieve plates. Sometimes a distinction could be made between proto- and
metaphloem. But there is no pronounced morphological difference between the two.

Types of Vasculature (Stele)

A transverse section of the stem or root of the plant body shows an outer epidermis, middle
cortex and centralstele. The cortex is either parenchymatous or may have sclerenchyma also.

The central region consists of the concentration of the vasculature known as the stele. a
stele may.be defined as a vasculature surrounded by pericycle and endodermis.

Originally plant anatomists thought that only the vascular bundles (Xylem and Phloem)
formed the fundamental unit of the vasculature. Stele as the fundamental unit of the vasculature
was first proposed by Van Tieghem and Douliot (1886). According to them, the cortex and the stele
are separated by the endodermis. The endodermis consists of barrel shaped cells and possesses
thickenings known as Casparian thickenings on the radial and tangential walls.

There are mainly three types of steles in pteridophytes. These are: (1) Proto stele, (2)
Siphono stele, and (3) Dictyostele. A protostele has the xylem occupying the central region of the
stele. There is no pith. In a siphonostele, the xylem is like a tube or siphon. Here the central
region consists of non-vasculated cells (parenchyma) forming the pith. In a dictyo stele the siphon
breaks up into a number of individual bits called meristeles.
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D E F
Fig. 18.2 Typ'es of Vasculature in Pteridophytes

A. Haplostele, B. Actinostele, C.Plesctostele,p. Mixed Proto stele
E. Mixed Protostele (with pith), F. Ectopholic Siphonostele

(adopted from Introduction to Pteridophyta - S.Sundara Rajan)

i. Protosteles

Basically all proto steles are alike in not having a pith. They may be classified into the
following types based mainly on the configuration of the xylem.

a. Haplostele: This is the simplest type of stele that could be visualized for a vascular plant. The
central region of the stele consists of a smooth, core of xylem surrounded by phloem (Fig. 18.2A).
This type of stele is seen in Rhynia.

b. Actino stele: The xylem is star shaped and the phloem completely surrounds the xylem. The
contour of the stele is smooth (Fig. l8.2B). e.g. Psilotum, Lycopodium Phlegmaria etc.

c. Plecto stele: The xylem breaks up into a number of bands or plates arranged parallelly. The
phloem not only surrounds the xylem but is distributed between the xylem plates (Fig. 18.2C). e.g.
Lycopodium wightianum,

d. Mixed proto stele: In this type, the xylem breaks up into a number of small masses. The
phloem is inter mixed with the xylem (Fig. l8.2D). egoLycopodium cernuum .. ,
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II. Siphono steles

\ .'

The stele having a pith in the centre are referred to as siphono steles. These are further
classified into two types viz., (1) simple siphonostele, and (2) Solenostele.

~~l~::~I:it~Ph~~~:~~:~th~te~:::;~r~~~~:~~~~\!!~~a;~;'~i~~:~~Sn~;:e:V::~Y:;:a;s~:
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parenchymatous cavity found immediately above the' leaf trace in the vascular cylinder). This type
of siphonostele is also called medullated protostele or 'Cladosiphonic' stele. For example,
Psilotum.

b. Solenostele: Siphono steles with leaf gaps are called solenosteles. In solenosteles, the leaf gaps
are- successive so that there is only one break in the vascular cylinder at anyone given point.
.Solenosteles are also known as phyllosiphonic steles. Depending on the pattern of distribution of
phloem, soIenosteles may be classified into two: I) 1.mphiphloic solenostele, and 2) Ectophloic
soleno stele.

c. 1) Amphiphloic solenostele in which the phloem lives the xylem both on its inner and outer face
(Fig. 18.3A) egoAdiantum, Marsilea.

2) Ectophloic solenostele in which phloem lives the xylem only on its outer face, ego Osmunda.
There is also a third category of Solenostele called Polycyclic solenostele in which there will be
mpre than one concentric ring of vasculature (Fig. 18.3E).

SiphonOSlBlic
·cylinder

F

Fig. 18.3 Types of Vasculature in
Pteridophytes

A. Amphipholic Siphonostele, B.
Ectophloic Solenostele (with leaf
gap), C. Amphipholic Solenostele

(with leaf gap), D. Dictyostele,
E. Polycryclic Solenostele F.

Polystele

(adopted from Introduction to
Pteridophyta - S.Sundara Rajan)

""""--
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III. Dictyo steles

Basically dictyosteles are similar to solenosteles in having a pith and leaf gap. In
dictyosteles, however, the leaf gaps over lap (many occur at a point), as a result, the vascular ring
breaks up into many arcs. Each arc is known as a 'meristele'. All the meristeles are surrounded by
a common endodermis.

Based on the number of vascular rings dictyo steles may be classified into simple dictosteles
in which there is only one ring and poly cyclic dictyosteles in which there will be at least two
concentric rings of vasculature.

Origin of the Vasculature

The origin of the vascular tissue is one of the unsolved problems of plant morphology. It is
closely linked with the problem of origin of land plants, whichalso.is eluding a solution. If the
algal ancestry for a land plant is proposed, then, there are no steps indicating the origin of
vasculature. If one believes in the bryophytic ancestry of land plants, the columella in the
sporophyte of Anthoceros seems to be a good starting point for the origin of vasculature. Indeed in
its ideal location and to some extent in its function (through not in structure), the columella of the
sporophyte of Anthoceros tempts anyone to consider it as a precursor of the vasculature.

Evolution of the Vasculature

Among the different types of steles, it is generally believed that a solid core of vasculature is
more primitive than a cylinder of vasculature. From this standpoint, proto steles are admittedly
primitive in not havin~E.~l1_. _

\

Among the different types of proto steles, haplo stele is regarded as the most primitive and
the mixed proto stele as the most advanced. The tendency seems to be towards the breaking . ...a
single xylem group into several bits.

If we regard that a siphonostele is more advanced than a protostele and that the former
evolved from latter, we have to account for the origin of the pith. The method by which pith
originated is debatable. There are mainly two theories viz., medullation theory and cortical
intrusion theory. .

According to medullation theory, the pith originated in situ i.e., by metamorphosis of thf
vascular elements into parenchyma (Boodle 1901, Gwynne-Vaughan 1903). The presence 0

'mixed pith' (tracheids intermixed with parenchyma in the pith) is used as an evidenced to show th
medullation of the central vasculature. Steles with mixed piths are regarded as transitional stages
between proto stele andsiphono steles. .
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According to the cortical intrusion theory, the cortical parenchyma cells intruded into. the
stele and produced the parenchymatous pith (Jeffrey, 1902). Similarity of tissues (parenchyma) in
the pith and cortex is an evidence for cortical intrusion. An additional evidence for cortical
intrusion is the presence of an inner endodermis. Jeffrey (1902) regards endodermis to be a part of

! the cortex. In such a case, presence of an inner endodermis living the pith proves the cortical
. origin. Supporters of this theory believe that steles with inner endodermis are more primitive than
those with out an inner endodermis. It is held that steles of the latter type arose during the course of
evolution by obliteration of inner endodermis. This theory is mainly based on the cortical origin of
the endodermis. But the origin of the endodermis whether cortical or stelar is an open question.

Whatever may be the course pith took in its origin, siphonosteles are no doubt more
complex and more evolved than the protostele. The over lapping of the leaf gaps in the
siphonosteles seems to have given rise to a dictyo stele. A dictyo stelic condition may also result
due to lacunae in the vascular cylinder which are not associated with the' leaf Such lacunae are
called 'Perforations'.

Polycyclic dietyo stele IS the most complex type of vascular organisation seen III
Pteridophytes.

2. Heterospory and Seed Habit

Pteridophytes have many unique characters in both' structural and reproductive features,
Being the first true land plants they include in their bodily features, the results of many experiments

I
th~t nature conducted with t~e spor~phytic plant b?dy on a. perimordial t~ITestrial, habi~a~. The
existence of heterospory and Its relation to seed habit has an Important beanng on the ongrn and
evolution of seed plants (spermatophytes). Most of the Pteridophytes are homosporous while only
a few are heterosporous.

(i) What is Heterospory?

The phenomenon of the production of two types of spores in an individual is called
heterospory .. ' As opposed to homospory in heterosporous members two types of spores viz.,
microspores and megaspores are produced. Microspores are smaller in size and many of them are
produced in a rnicrosporangium. Megaspores are larger in size and a few of them are produced in a
megasporangium. Heterospory would not have had any significance, if the difference between
microspores and megaspores were to lie only in their size. But as it happens, there is a difference in
their sexual behaviour also. While microspores develop into male gametophytes, megaspores
develop into female gametophytes. Sex differentiation that is seen only in the gametophyte in
homosporous members has reached the sporo phyte also, in heterosporous members. .

" Among th~.living pteridophytes heterospory is see~ in Selaginellales, Isoetales, Marsileales
and Salviniales. '.:' . '.' . . , .
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(ii) Origin of Heterospory

It has been accepted by all the botanists that homosporous condition is more ancient than
heterospory. Then.naturally we must find in some of the more enterprising homosporous members
certain indication towards a heterosporous condition. Evidences for the origin of heterospory may
be obtained from three different types of studies viz.,

(a) Paleobotanical studies,
(b) developmental studies, and
(c) experimental studies.

(a) Paleobotanical studies

As the fossil evidence indicates, heterospory is quite widespread among the ancient
pteridophytes, in some of the heterospory is not well pronounced indicating a transitional stage. In
calamostachys, both homospory (C binneyana) and heterospory (C casheana) is seen (Williamson
and Scott, 1894). In C binneyana, some of the sporangia show spores of unequal size. Based on
this, Scott (1894) observed that spore degeneration that is seen in most of the sporangia is an
important factor in the origin ofheterospory. If the process of degeneration, stops when still many
spores are surviving, leads to the formation of more number of spores. Since the sporangial cavity
has limited space and nutrition, the spores that are many in number cannot grow to a bigger size.
They remain small. If on the other hand, as Scott (1894) observes, the process going on more freely
in some sporangia than in others, may ultimately have rendered possible the excessive development
of those spores that survived, as the expanse of the others and may thus have led to the development
of specialised measpores. Transitional stages leading to a heterosporous condition have been met
with in members like Spenophyllum dawsonii (Thoday, 1906), Stauropteris burntislandica
(Chaloner, 1958). etc.

b) Developmental Studies

Developmental studies conducted on living heterosporous members like Selaginella,
Isoetes, Marsilea etc., clearly point out that basically micro and rnegasporangia are alike and that
the differentiation starts only at the spore mother cell stage. In a sporangium that is to become' a
micro sporangium many spore motber cells survive whereas in a sporangium that is to become a
megasporangium only few spore mother cells survive.

c) Experimental Studies

. . Some of the experimental studies indicate nutr.ition, temperature, light etc., may also play a (
role-in the manifestation of heterospory. According to Goebel (1891) plants of Selaginella grown
under feeble illumination tend to produce only micro-sporangia in their strobili. Shattuck (1910)
has demonstrated in Marsilea that variance of temperature may induce hetero~~ory. By suddenly
lowering the temperature (by a cold water spray), it is possible to kill all the megaspores and a few
of the microspores in Marsilea. The surviving microspores grow to a larger size simulating the
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megaspores. The growth of the microspores to a larger size is made possible by' increased
nutritional supply.

A solution to the problem of the on gm of heterospory possibly has to be found by
biochemical studies. It is quite possible that some biochemical compounds (possibly hormonal)
determine the sexual behaviour of spores. In homosporous spor~s to hormones that govern the
male and the hormonous that govern the female character are balanced when the process of
degeneration starts, if it goes beyond a certain limit, naturally there will be imbalance and this leads
to a change in the sexual behaviour.

(iii) Biological Advantages of Heterospory

Heterospory has brought in many advantages to the individuals possessing two differeht
types of sporangia. Since the female gametophyte develops within confines of the megaspore it has
an assured supply of nutrition. It need not be dependent on the external conditions, like a free
living gametophyte. This is a boon to a gametophyte on the terrestrial habitat and forms a good
starting point for the development of embryo than an independent prothallus which has to meet
successfully the challenges of a terrestrial environment for survival.

Heterospory introduces drastic reduction in the size of the gametophytes. As has been
pointed out in the preceding paragraph, the female gametophyte is reduced to such an extent that it
never out grows the limits of the megaspore. The reduction in the male gametophyte is still
extreme. In most cases, it is nothing but an antheridium with but one or two cells representing the
vegetative tissue. Another advantage of heterospory is the extension of the sex differentiation from
the gametophyte to the sporophyte. The culmination of such a tendency leads to production of two
types of sporophytes. This, of course has not been achieved in Pteridophytes.

(iv) Implications of Heterospory

While heterospory brought in many advantages certain other problems also cropped up by
its introduction. In homosporous gametophytes the two compatible cells i.e., the egg and. the sperm
are on the same Prothallus and have no difficulty in coming together. But with the introduction of
heterospory, the two are separated in time and space. There has to be some mechanism to bring
together the two compatible' gametes. This is made possible by the innovation of pollination. Of
course, in most of the Pteridophytes, pollination does not seem to be necessary since both male and
female gametophyte are released out. But with the retention of the female gametophyte in the'
megasporangium this becomes a necessity. Even in pteridophytes there are indications of an
incipient pollination as in Selaginella where there is temporary retention of the female gametopliyte
within the megasporangium.
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(v) What is Seed Habit?

A seed may be defined a's an integumented megasporangium. It represents a further
elaboration or fortification of a megasporangium so as to enable it to be a good starting point for the
de~elopment of a new plant. The seed combines within itself three generations viz., a) parent
sporophytic tissue (integuments and nucellus), b) gametophytic tissue (female gametophyte) and c)
offspring sporophytic tissue (embryo).

The formation of seed may be said to be an example of parental care in land plants. In a
terrestrial habitat, gametophyte is a weak link in the life cycle and if it is independent there is every
possibility that it may not survive. In order to eliminate this hazard, gametophyte (female) is
permanently retained in the megasporangium, thus passing way for the seed habit.

(vi) Relation between .Heterospory and Seed Habit

While it is true that all cases of heterospory have not led to the seed habit (because
heterospory has originated independently in several groups of lower vascular plants), it is also true
that heterospory is the pre-requisite for a seed habit. There is no example anywhere in the plant -
kingdom of a homosporous condition leading to a seed habit.

.(vii) Origin of Seed Habit

Origin of seed habit mainly 4 steps leading to the formation. These are:

(i) Heterosporous condition.
(ii) Permanent retention of megaspore within the megasporangium.
(iii) Development of only one megaspore in the megasporangium.
(iv) Development of protective layers (integuments) around the sporangium.

It is difficult to say whether seed habit arose only once or originated along several
independent lines. Any of the living or fossil plants exhibiting the above mentioned steps may be

.said to be the fore runner of seed plants.

One of the important features that begins the seed habit is the organic connection between
the megasporangial wall an the megaspore. In non-seed bearing plants, the megaspores are isolated
from the wall of the megasporangium by the deposition of callose. Such a callose deposition is
absent in seed plants (Weterkeyn and Slooner, 1962), though it is present investigial form in
Pteridosperms and in some of the Cycadales. .

\
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(viii) Advantages of Seed Habit

\

Accepting the fact that the gametophyte is a week link in the life cycle, it is not conductive
for the plant to allow the gametophyte to live independently. In seed ~lants, the female
gametophyte is retained permanently in the ovule (megasporangium) so that it has assured nutrition. ./

. As has already been pointed out, the seed combines three generations and is a perfect example of
parental care in land plants where in the parent sporophyte assures the survival and growth of the
embryo.

3. ALTERNATION OF GENERATIONS
There is a regular feature of alternation of generations. At the time of sporogenesis the

reductio~division takes place and the haploid spores are formed which represent the first stage of
the gametophyte generation. Later on fertilization takes place and a zygote is produced which
represents the first stage of sporophyte generation. This way the gametophyte gives rise to the
sporophyte by the process of syngamy and the sporophyte gives rise to the gametophyte by the
process of meiosis. Thegametophyteof sexual generation intervenes between meiosis and
syngamy while the sporophyte or asexual generation intervenes between syngamy and meiosis.
The haploid phase (x) is the gametophyte and the diploid phase (2x) is-the sporophyte. These two

, phases. follow one ahother in the life-cycle, regular succession. .

Under normal circumstances, there is a regular alternation between a gametophyte (sexual)
phase and a sporophyte (asexual) phase. The male gametes, produced in numbers from antheridia,
are known as antherozoids, since they are flagellated and are able to swim in water. While the
female garnets (Oosperes) are non-motile and are borne singly in flask shapedarchegonia. Fusion
between an egg cell and an antherozoid results in the formation of a zygote, which contains the
combined nuclear material of the two gametes. Its nucleus contains twice as many chromosomes as
either of the gamete nuclei and it is therefore described as diploid. The zygote develops directly by
mitotic divisions into the sporophyte which is likewise diploid. The spore mother cells within
sporangia divide meiotically so that the non-motile haploid spores are formed, the life cycle is then
completed when these spores germinate and grow, by mitotic division, into haploid gametophytes.

In some members of pteridophytes all spores produced by the sporangia are of one type such
a plant is known as homosporous ego (Lycopodium, Dryopteris etc.). On the other hand, in
heterosporous Pteridophytes (e.g. Selaginella, Marsilea etc.). The spores are of two kinds, the
smaller spores are known as microspores or male spores and are developed in microsporangia,
while the larger spores are called megaspores or female spores and are formed in megasporangia.
The microspores on germination produce the male gametophytes on which the sperms are
produced. The megaspores produce the female gametophytes on which, eggs are produced.
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Fig. 18.5 Alternation of generations in Pteridophytes.
Life cycle pattern in heterosporous pteridophytes

(adopted from College Botany, Vol. II, B.P.Pandey)

\" In Bryophytes, the dominant phase in the life-cycle is the gametophyte, for the Sporophyte is
retained upon it through out its 'life an is either partially or completely dependent on it' fornutrition,
Contrary to it in pteridophytes the sporophyte is the dominant generation for it very soon becomes

;independent of the gametophyte (prothallus) and grows to a much greater size. The sporophytes are
being differentiated into stems, leaves and roots. Only the sporophyte shows well developed

.conductingtissues (i.e. xylem and phloem) ..

'1. ,TheProthalli . ' '

The gametophytes; in some pteridophytes are subterranean and in others they are retained
within the resistant wall of the spore and are thus able to survive in a much wider range of habitats.
It is notable .that wherever the gametophyte is retained with in the spore, the spores are of different
sizes, (heterosporous), 'the larger megaspores give rise to female prothalli which bears only,
antheridia. The division between heterospory and homospory is one of the criteria used in the
classification of pteridophytes.

2. The sporogonium '

The sporangium, in all pteridophytes,' is initiated by the laying down of cells. Since this
wall ,:is periclinal, each initial cell is divided into, an outer and inner daughter cell. If the
sporogenous tissue IS derived from the inner, daughter cell, the sporangia is described as
'eusporangiate' and if from the outer as 'leptosporangiate'. In the leptosporangiate 'forms, the
sporangium wall, stalk and the spores are derived from the outer daughter cell, but in eusporangiate
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forms, the adjacent cells take part in the formation of part of sporangium wall and the stalk. In
eusporangiate form the sporangium is large and massive, the wall is several cells in thickness and
the spore content is high. Inleptosporangiate forms, the sporangium is small, the wall is one cell in
thickness and the spore content is low. Of these two types, the eusporangiate is primitive and the
leptosporangiate advanced.

4. APOGAMY, APOSPORY AND PARTHENOGENESIS

The normal life-cycle of bryophytes, pteridophytes and spermatophytes shows distinct
alternation of generations. However, there are certain other modifications or abnormalities where
the essential stages in the life-cycle are eliminated. These modification may be called apogamy,
apospory and part!Ienogenesis.

(i) Apogamy

According to Winkler (1908), the definition is as follows - "It is the formation of a
sporophyte directly from the vegetative cells of gametophyte without the act of syngary or gametic
union". Thus the apogamy is the development of an embryo from a cell of the gametophyte other
than an egg-cell, evidently without the intervention of gametes. The embryo so formed grows into
the sporophyte. Apogamy is a constant phenomenon in a number of ferns. However, it may be

-, induced by cultural conditions, such as strong light, modified nutrient culture solutions and
° insufficient water supply for fertilization.

(ii) Apospory

This phenomenon was first discovered by Druery (1884) in a fern where the prothalli were
formed from the head or stalk of the spore sac. Thus this phenomenon may be defined as - "The
development of the.gametophyte from a cell of the sporophyte without the intervention of a spore.
In apospory, a filamentous, or heart-shaped gametophyte may be formed from one or more cells of
any vegetative portion of a young or a mature sporophyte. The structures taking part in apospory
may be a single cell of gametophytic nature an antherozoid, an antheridium, a rhizoid, or a
gametophyte bearing sex organs. In certain ferns, it is sometimes seen that the pro thallus develops
on the under surface of the leaf in the place of spores. The prothallus so formed bears antheridia
and archegonia. Apospory is not of constant nature in ferns, and occurs occasionally in nature, and
may be induced in cultural conditions.

(ill) Partheno genesis

This may be defined as - "The development of the zygote from the egg-cell without the act
of fertilization". It is most commonly found in many algae, fungi and ferns. According toFarmer
and Digby (1907), in homosporous leptosporangiate ferns, apospory was followed by neither
apogamy nor fertilization but by parthenogensis. Parthenogenesis has been observed in Marsilea
drummondii where' two types of megaspore mother clles were ° produced by this species
(Strasburger, 1907). The phenomenon of partheno genesis has-been also observed in Selaginella
intermedia and S. langere (Hieronymus, 1911). Bruchman (1912, 1919) and Goebel (1915)

h

'. 0
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observed this phenomenon in other species of Selaginelia. In all these species the archegonia did.
not open, and the embryos developed parthenogenetically.

5. THE TELOME THEORY

. The Telome Theory was preceded by similar ideas expressed by Bower (1884), Lignier
(1903-1908) and Potonic (1913) who explained the uniformity pfthe plant body. Lignier explained _
the plant body of primitive land plants as a dichotomously braeched system of cylindrical cauloids
which bore leaf-like appendages (which be called phylloids) anr the absorbing rhizoids.

Zimmermann defines the telome as the single-nerved xtreme portion (at base or apex) of
the plant body from the tip to the next point of branching. The telome may be fertile bearing
sporangia or sterile when it is called a phylloid. In Bryophytes the sporophytic plant is a single
fertile telome (although not having a real nerve) terminating in a sporangium above and the foot
below. In Pteridophytes (viz., Psilophytales), it is a Syntelom~. developed by growth of the telome.
The telome divides dichotomously and as it grows the new segments become new telomes and the
older segments below are termed mesomes. Thus the pla~t body is now formed of mesomes

. terminating in telome above and below. The lower telomes bear rhizoids and the upper telomes may
be fertile bearing sporangia or be leaf-like phylloids.

From the primitive syntelome the pteridophytic plant body evolved by certain elementary
processes.

C,,'SUlE -.=

fOOT A

Fig. 18.6 A. The single telome BryophYte sporophyte.
- B. The syntelome structure of RhYniaceae. .

(Redrawn after Zimmermann) _
[adopted from College Botany - GaJgule & Kar]
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(i) Over topping . ,.

Of the two usually equal dichotomies from the telome one because ~tronger and "erect I:~
becoming the axis which grow further while the other remained overtopped as ashortlateral
branch. The axis, therefore, is sympodial (Fig. 18.6). ." " .

I
I

':~:c

. '. I., .
Fig. 18.7 A.i\ synt~lome of radial symmetry, B. Sypodiat axis .fom1ed~yovertoppil1g;C.

Structure after plantation, D. Megaphy llous leaves after syngenesis (webbmg) of tel orne truss.
[adopted from College Botany - Gangule & Kar]

(ii) Plantation and Syngenesis (Webbing)

.The sympodial axis is liable to give rise to groups of telorne or telome trusses' Of short'
lateral branches. This branching is radial (Fig. 18.7B). Now, all such branches 'grow on the same
plane by plantation so that a flat structure with fan-like telome trusses is formed (Fig. "18.7C).
Fusion of the telomes of such a telorne truss by the development of connecting tissue as.in the foot
of a swan is called syngenesis or webbing (Fig. 18.7D). W~bbing results in large megaphyllous
leaves as found in ferns and higher plants.

(iii) Reduction

According to Zimmermann the microphyllous leaves of Lycopods and pine needles were
evolved by the reduction of telome trusses similar to those gt'Ving'rise to the megaphyllous leaves.
This view, however, is opposed by the Enati'n Theory which isdiscussed later.

"
I

The primitive dichotomy of the telome was derived from the algae. The structure of the
Spermaphytes is a further development of the telome structure. Takhtajan (1953) has suggested
remaining the Embryophyte (Cormophyte) as Telemophyta as their plant bodies are all formed by
telomes.

Based on this Telome Theory Zimmerrnann pictures the origin, and evolution of the land
plants in this way. . .
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1. The ancestors of land plants were green algae which lived in the tidal water of the cambrian
and Silurian sea coasts. (N.B. Since vascular remains are now known even from the cambrian
the origin might have been earlier). They had isomorphic alternation of generations
(Homologous theory). It is very difficult toname the particular alga which was ancestral (N.B.
Monophyletic as well as polyphyletic origin have been suggested by various authors).

11. The psilophytan plant body was evolved out of the algae by the evolution of heteromorphic
alternation of generation in which the two generations were independent of one another. The
sporophytic plant body consisted of telomes (fertile and sterile, the upper sterile ones are
phylloid) and mesomes (mature telomes). This syntelome later differentiated into stem, leaf
and root.

'.

lll. Bryophytes arose independently out of algae at a later time, probably Devonian. The
sporophyte became parasitically dependent on the gametophyte and was reduced to a single
telome.

6. Comparative Study-I
Rhynia Psilotum Lycopodium Selaginella

Systematic Division-Psilophyta; Div-Psilophyta; Cl- Div-Lycophyta; Cl- Div-Lycophyta; Cl..-
position Class- Psilophytopsida; Eligulopsida; Or- Eligulopsida; Or.- Ligulopsida; Or.-

Order-Psilophytates; Psilotales; Fa- Lycopodiales; Fa- Selaginellales; Far.-
Family-Rhyniaceae; Psilootaceae; Gen. Lycopodiceae; Gen- Selaginellaceae; Gen.-·'
Genus-Rhynia. Psi/alum Lycopodium Selaginella.

No. of species 2 2 180 600
Distribution Old and Sandstone Tropical and Mainly distributed in Throughout world,
and Habitat beds of middle subtropical regions in tropical and mainly in rain forests of

Devonian in Rhynie, eastern and western subtropical forests; tropical regions; humid,
Scotland; peaty habitat hemispheres; epiphytic usually moist loving. shady habitats.
near volcanoes. or terrestrial in humus

rich places.
SPOROPHYTE Herbaceous, rootless, Herbaceous, rootless, Herbaceous, usually Herbaceous, perennial or
External leafless plants; axis perennials with perennial trailing, annual; prostrate, sub-
Features Habit divided into rhizome subterranean rhizome erect or semi-erect; erect, scandent, erect,
& Stem and on erect aerial and on erect aerial epiphytes; stems· climbing; stem

part; tufted rhizoids on part. branched. branched.
rhizome.

Leaves and Leafless Scale-like leaves simple small, small simple ligulate,
their without veins; lanceolate; sessile, lanceolate to ovate;
arrangement arranged irregularly on spiral, whorled or spiral or in four rows, all

the aerial stem. opposite alike in size or of two
(microphyllous) size or of two sizes

(microphyllous)
Root and its Rootless Rootless adventitious cortical adventitious; borne on
arrangement roots in some sp; no the stem or at the tips of

endogenous lateral rhizophores.
roots
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SelaginellaRhynia Psilotum Lycopodium

Stem anatomy Proto stele (haplostele);
sometimes the
tracheids in the centre
of xylem strand were
smaller in diameter
than the peripheral
tracheids; no leaf
trace; no leaf gaps.

aerial stem-
siphonostele; rhizome
protostele; xylem
exarch; polyarch; leaf
traces absent; leaf gaps
absent.

protostele-actinostele,
plectostele mixed
haplostele; xylem
exarch; polyarch;
leaf-traces small and
simple; leaf gaps"- absent.

protostele; siphonostele
to polycyclic
siphonostele; polystelic;
xylem exarch; mono or
diarch; vessels
sometimes present; leaf
traces small and simple;
leafgaps absent.

Root anatomy exarch, hexarch to
decarch, or diarch .

monarch and exarch

Leaf anatomy Vein lacking;
mesophyll
undi fferentiated

Simple, concentric
vascular bundle,
mesophyll
undifferentiated

Single, concentric
vascular bundle,
mesophyll usually not
differentiated

Strobilus

Sporophylls

Present in some
I •specIes
Resemble leaves in
some species, or
differ from them in
size, form and colour.

Usually present

Resemble leaves or
differ from them
slightly.

Sporangium
Sorus

Average spore
output from

I each
sporangium

Cauline, terminal;
homosporous, oval or
slightly cylindrical;
wall is massive; three
layered; annulus
absent; taoetum is
probably one layered;
formed from the
innermost layer of the
wall; no special device
for dehiscence.

Many

Eusporangiate;
cauline, terminal;
homosporous; trilobed
and trilocular; wall is
massive; four to five
cells in thickness:
annulus absent;
tapetum absent
dehiscence along
longitudinal
dehiscence lines.

Many

Eusporangiate; foliar
or cauline;
homosporous; large,
kidney shaped with a
short massive stalk;
UJ!:I11 ic.tbroo or rnoro

layered; annulus
absent; tapetum one
la)iered; formed from
the innermost layer
of the wall;
dehiscence by a
transverse slit.

Many

Eursporangiate foliar,
axillary, or cauline;
heterosporous;
mierosporangium stalked,
small with a smooth
outline, megasporangium-
staikeo , large, four lobed,
wall is two layered in both
type of sporangia; annulus
absent; tapetum is one
layered, formed fro the
outermost layer of
sporogenous tissue, persists
until the spores are nearly
mature and then
degenerates; dehiscence by
vertical apical splitting of
the upper part of sporagial
wall.
Megasporangium-4
megaspores;
microsporangium many
microspores.

GAMETOPHYTE One kind spores;
numerous; small
tetrahedral in shape.

On~ kind spores,
numerous, usually
bilateral, occasionally
tetrahedral also 0.065
xO.32 mm

One kind spores,
numerous, small in
size, tetrahedral in
shape, (0.03 to 0.05
mm)

Two kinds-microspores
and megaspores,
mrcrospores numerous,
megaspores-four,
microspores-small
(0.015 to 0.06 mm),
tetrahedral, megaspores-
large (1.5 to 5 mm)
tetrahedral.
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Rhynia Psilotum Lycopodium Selaginella

Prothallus Monoecious, Living or Ametephyte wholly
subterranean, 0.5 to 2 subterranean, or within micrcpore wall,
mm. in diameter and partially megagametophyte also
from 1 to 18 mm, in I within megaspore wallsubterranean, short, 2
length, more or less mm, usually radial or with only the apical
cylindrical, elongated, dorsi ventral, of cushion protruding; both
irregularly branched, various shapes, much reduced in sizes;
radially symmetrical, green, brownish, non-green.
mature portion varies yellowish or nearly
from pale yellow to colourless.
dark brown, growing
apices white.

Sex organs: Irregularly distributed On crown or on Inside the microspore
Antheridium or the cylindrical flattened or hollowed wall, single antheridium,

prothallus, many in upper surface,many spirally coiled, biciliate
number, project in number, antherozoids.
conspicuously from completely-
the surface of the embedded or slightly
prothallus, projecting,
antherozoids spirally autherozoids usually
coiled,multiciliate. fusiform, biciliate.

Archegonium Irregularly distributed On crown or on On the apical cushion,
on the prothallus, flattened or holl0l"'ed many in number, sunken
many in number, upper surface, many with outer tier of neck
sunken with the neck in number, sunken slightly projecting, neck
slightly projecting, with neck projecting, is short, 2 cells in height,
neck 4 to 7 cells in neck is short 3 to 4 neck canal cell-I.
height and composed cells in height, n)cck
of 4 vertical rows of canal cells 1,2,3,4,
cells, neck deciduous, 7,14 to 16.
2 neck canal cells or
merely two neck canal
nuclei which
disintegrate.

Embryo First division of First division of First division of zygote
zygote is transverse, zygote is transverse, is transverse, suspensor
suspensor present. suspensor present, usually well-developed.

weakly developed.
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7. Comparative Study-Il

Equisetum Ophioglossum. ) Marsilea Fern
Systematic Div-Arthrophyta; Cl- Div.-Filicophyta; Cl- Div.-Filicophyta; Cl.- Div.-Filicophyta; Cl.-

position Calamopsida; Or.- Eusporangiopsida; Leptosporangiopsida; Leptosporangiopsida;

Equisetales; Fa.- Or.-Ophioglossales; Or.-Marsleales; Fa.- Or. Filicales; Fa.-

Equisetace; Gen. Fa.-Ophioglossaceae; Marsilieaceae; Gen- Polypodiaceae. Gen-

Equisetum. Gcsv-Ophioglossum. Marsilea. Dryopteris; Adiantum
etc ..

No. of species 25 28 65
Distribution Throughout world Throughout world Cosmopolitan, Cosmopolitan; mainly in

and Habitat except Australia and chiefly in temp crate mainly in warmer humus rich places.
New Zealand; grow in and tropical regions; parts; aquatic or
exposed places, terrestrial or epiphytic, amphibious.
marshes meadows and . prefers humus rich
along river and canal soil. ~
banks.

SPOROPHYTE
External Herbaceous, perennial Short erect Herbaceous, Underground creeping
Features Habit withcreeping, subterranean, rhiomatous, creeping rhizome.
& Stem horizontal, jointed, branched rhizome.

ridged rhizomes.
Leaves: and Simple, small, scale Simple, petiolate, Compound, lamina Pinnately compound,
their .like uninerved fused entire, narrowly linear divided into four alternate, circinate
arrangement laterally to form a to broadly oval; leaflets, arranged vernation

sheath venation reticulate; alternatley in two rows, (megaphyllous).
(microphy llous). vernation erect. dichotomous venation,

, circinate vemation
(megaphyllous).

Root and its Adventitious, Adventitious, Adventitious, borne Adventitious, slender,
arranzement develoninz from the numerous, thick, at the nodes. little branched.

base of lateral branch smooth, devoid of root
primordia. hairs, mycorrhizic,

branched or
unbranched.

Stem anatomy Perforated ectophloic Siphonostele, or Amphiphloic Polycyclic dictyostele.
siphonostele with solenostele or solenostele. Xylem Xylem mesarch, vessels
nodal rings. In the dictyostele. Xylem exarch, leaf-traces present, leaf traces large;
internode separate endarch, leaf-traces large, leaf-gaps inner and other series of
end arch collateral large, one or two leaf- present, scattered. vascular strands
bundles. Xylem traces given off from contribute to leaf traces;
endarch; leaf traces the rhizome at each leaf-gaps and
small and simple; leaf leaf-gap, leaf-gaps perforations present.
gaps absent. present.

Root anatomy Tri or tetrarch, exarch; Monarch, di-, tri-, Diarch, exarch. Diarch, exarch.
two layers of tetra- o~ pentarch,
endoddermis. exarch,lLear anatomy Single vascular Many vascular Many vascular Many vascular bundles,
bundle; collateral. bundles, vascular bundles, concentric concentric or collateral,

,.

bundles endarch and mesophy II mesophyll differentiated.
I collateral, mesophyll differentiated.
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not differentiated.
/'

~ Rhynia Psilotum Lycopodium Selaginella
Strobilus Present.

Sporophylls .Sporangiophores "Fertile spike" Sporocarp contains a Resemble foliage leaves.
large number of sori.

Sorus Many marginal, Superficial, coenosours,
number of indusia surrounded by false and
equal soral sacs. true indusium.

Sporangium Eusporangiate; borne Eusporangiate, Leptosporangiate, Leptosporangiate, on
on peltate terminaland marginal borne in.sporocarps, abaxial surface of
sporangiophores; on the leaf divisions, heterosporous 'both sporophylls,
homosporous; homosporous, micro and homosporous, long-

- elongated sac like with subspherical, megasporangia stalked, capsule
a rounded apex; wall I sporangia fused not stalked, wall is single biconvex lens-shaped,
single layered or only.with the leaf layered, annulus slightly flattened; wall is
sometimes two - segment but at lest in absent, tapetum two single. layered, annulus
layered in mature their outer part with to three-layered, vertical, incomplete,
condition, annulus one another along the formed from tapetum two layered,
absent, tapetum one- margin, wall is archesporial cell, formed from the
layered, irregular, ill massive, several disorganises, archesporial cell,
defined, formed' layered thick, annulus dehiscence by disorganises, transverse
from the innermost absent.-tapetum dissolution of the dehiscence by means of
layer of jacket, consists of several ill- mucilaginous wall of annulus and stomium:
disorganises, dehisce defined layers of cells, the parietal cells of which form the opening
along a longitudinal origin' controversial, wall on coming in mechanism.
line facing inwards either from the outer contact with water.
towards the stalk. cells of sporogenous

tissue or the wall,
dehiscence by
transvere clefts
perpendicular to the

-, wide surface of fertile
spike.

Average spore Many Many . Megasporangium one 32 to 64
output from megaspore,
each rriicrosporangium
sporangium many microspores
GAMETOPHYTE One kind spores; One kind spores; Two kinds- One kind spores, usually

numerous; small in numerous; small in megaspores and 64 in number, small in
size; globular or Size, tetrahedral in microspores 64, size, tetrahedral in
subspherical with no shape. megaspore-I, shape, in shape 0.03
trace of triradia te ..micros pores-small mm. in diameter.

., ridge. 0.075 mm, globose
, .'

with a pyramidate
» apex, megaspore



~,f Sc BOT ANY" PTERIDOPHYT A 1820 EVOLUTIONARY ASPECTS OF PTERIDOPHYT~

/'

..
ellipsoidal to oval,
tetrahedral.

- Rhynia Psilotum Lycopodium Selaginella
Prothallus Usually monoecious Monoecious, Dioecious, both Usually monoecious,

or partially diloecious; subterranean, 0.5 to 10 megagametophyte surface living, about 6
surface living usually ern. in length, linear to and mm. in diameter,
less than 1 em in stellate but usually microgametophyte dorsi ventral, cordate,
diameter; usually irregularly cylindrical within spore wall, green (autotrophic).

, dorsi ventral consisting to conical, non-green. both much reduced,
- of massive cushion non-green.

like base and upright
green branched; green
(autotrophic). -

.Sex organs: On upturned Scattered and Inside the micros pore On the basal or lateral
Aritheridium extensions in the intermingled over the wall, two in number, regions of the ventral

margin of apex of surface or cork screw like, surface of the pro thallus,
delicate lobes; many in gametophyte, many in spirally coiled, many' in number, slightly
number; projecting, number, mainly multiciliate, proj ecting,spirall y
spirally coiled and sunken or slightly antherozoids. coiled, multi ciliate
flattened, multiciliate projecting, antherozoids.
antherozoids. antherozoids spirally

coiled,multiciliate. .~~t ..r"
Archegonium In the meristematic Scattered and Embedded in a cap or On the massive cushion

rim where upright intermingled over the tissue fitted over the just posterior to the
'. green lobes are being surface of prothallus, apex of the spore apical notch on the

formed; many in many in number, cavity,onejp ventral surface of the
number; base sunken usually sink in the number, neck is short prothallus, manyin
in the prothallus with prothallus tissue, but 2 cells in height;'r;eej{ number, sunken with
neck projecting, neck neck may project canal cell-I. 0" neck projecting, neck 5
is short 3-4 cells in slightly, neck is 2 to 4 to 7 cells in height, neck
height, neck canal cells in height, single recurved, neck canal cell
cells 1 or 2, in many binucleate neck canal 1, usually binucleate.
species boot shaped. cell or 2 neck canal,

cells.
Embryo First division of First division of First division of - First division of zygote

zygote is transverse, zygote is usually zygote is vertical, »> is vertical, nearly
suspensor absent. transverse, i.e., merely coincident coincident with the long

perpendicular to the with the long axis of axis of archegonium,
long axis of archegonium, suspensor absent.
archegonium, suspensor absent.
suspensor absent.

i

Reference.Books

_-~~---r. -Xlllntroduction to Pteridophyta - A. Rashid, 1976, Vikas Publishing House Pvt. Ltd.,....•. ~.

;'2. )ntroduction. to Pteridophyta - S. Sundara Rajan, 1994. New Age International Publishers
// Limited, Wiley Eastern Ltd .. '
~. Introduction to Pteridophyta - Eames.

~'4. University Botany-I - A. Srinivasa Reddy, New Age International (P) Ltd., Publishers.
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Unit~IV: GYMNOSPERMS

Lesson 1

.'GYMNOSfERMS-:- CLASSIFICATION, DISTRIBUTION
. AND ECONOMIC. IMPORTANCE

AIM .',
. This lesson deals with the general characteristics, classification, distribution arid
economic importance .of gymnosperms
INTRODUCTION .
ANTIQUITY AND FOSSIL HISTORY
GYMNOSPERMS AND PTERIDOPHYTES
GYMNOSPERMS AND ANGIOSPERMS
CLASSIFICATION OF GYMNOSPERMS

. DISTRIBUTION OF GYMNOSPERMS:
a). Worldwide distribution
b)' Distribution in India
ECONOMIC IMPORTANCE

. , A) Wood
B) Paper and Board' .'
C) .Resins
D) Tannins
E) Essential oils
F) Fatty oils
G) Food supplements
H) Drugs
I) Other uses

1.8 SUMMARY
1.9 KEy TERMS
1.10 MODEL QUESTIONS .

.' 1.11 REFERENCE BOOKS .•
.., r, .:.V~,'.Y.:' .

1.1 INTRODUCTION ..

1.0

1.1
1.2
1.3
1,4
IS

. 1.6 .;~

1,7

.:.

Spermatophyta division includes all those plants which bear seeds: This division is divided
into gymnospe?TIs and angiosperms. The word gynmosperm :was first used by Theophrastus (in 300

. Re.) to descnbe plants whose seeds l:~unprotected. In gymnosperm (Gr. gymnos == naked;
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~perma = seed), the ovules are exposed.where as in angiosperms (Gr. angios = closed; sperma-=
s~d), ovules are enclosed in an ovary. Thus the gymnosperms are seed plants, whose ovules are

.'borne directly on the sporophyll or an equivalent structure and are exposed. In some gymriosperms,
·overlapping scales and sporophylls protect the ovules but they are freely exposed at pollination.. . ..

Some of .the typical features of gymnosperms are: They are mostly woody and ever green
trees, shrub or lianes. They have a tap root which usually persists for a long time. Stems contain
conjoint, collateral, open and endarch vascular 'bundles usually arranged in a ring. The xylem
consistsoftrachieds, parenchyma and rays. Vessels are absent (except in Ephedra, Welwitschia
and Gnetum). Phloem consists of sieve tubes and phloem parenchyma. Companion cells are absent.
Secondary growth takes place. in all gymnosperms. Numerous light pollen grains are produced in
the microsporangia which develop in eusporangiate type. Prothallial cells are formed ill fhe male

-. gametophyte. The ovule is unitegmic and orthotropous. Gymnosperms are wind-pollinated. Insect
·pollination, common in angiosperms. is nearly absent in gymnosperms. There is a prolonged free
nuclear phase in the development of the female gametophyte, a long interval between pollination

·and fertilization and a free-nuclear phase in the development of the pro-embryo. Double
fertilization, a feature unique to angiosperms is absent in gymnosperms (with exception in
Ephedra). The nutritive storage tissue (endosperm) in post-fertilization stages is gametophytic in
nature and it is haploid. ~

1.2 ANTIQUITV AND FOSSIL HISTORY

The gymnosperms are anancient heterogenous group of seed plants. They constituted most
of the world's dominant vegetation throughout the late Paleozoic and Mesozoic eras and steadily
declined there after. The occurrence of gymnosperms dates back to the Devonian (395 my B.P. =
million years before present), During the Carboniferous (345-280 my B.P.) a large variety of
pteridosperms and cordiatales existed. In the Permian and Triassic (280-225 my'B.P,) the
carboniferous pteridosperms became extinct. The early conifers (voltziales) diversified and the
cycads and cycadeoides became evident for the first time. Glossopteridales formed a conspicuous
flora of the Southern Hemisphere during the Permian. The ginkgophytes appeared some time during
the permian, and became more widely spread inthe Triassic. In the Jurassic (195-141 my B.P.), the
cycads, cycadeoids conifers and ginkgophytes reached their peak of diversification' and the
glossopterids became extinct. During the upper Carboniferous (141-65 my B.P.), the angiosperms
appeared and diversified rapidly. Theybegan to replace the already declining cycads, cycadeoids,
conifers and ginkgophytes. Mesozoic pteridosperms and other smaller groups became extinct.
However, the majority of the conifers have continued upto the present. In the Tertiary (65 my B.P.)
the angiosperms evolved steadily while the conifers declined in diversity. The gymnosperms
occupied a second position, although they still dominated landscapes. At present, the gymnosperms
comprise only 69 genera and 760speci~s. .

. "
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1.3 GYMNOSPERMS AND PTERIDOPHYTES

These two groups of plants share some common features like: a) both have independent
sporophyte mostly differentiated into stem, root and leaf, b) a well-developed vascular .tissue, the
xylem lacks true vessels and phloem is without companion cells, 'c) the leaves of cycads are
compound with circinate vernation like many ferns, d) motile male gametes of cycas and Ginkgo,
and e) archegonia are present in the female gametophyte except in Gnetum and Welwitschia.

At the same time, gymnosperms showa definite advance over pteridophytes: a) long-lasting
tap root system provides better anchorage to; the gymnosperm plant. In pteridophytes, the roots are
mostly adventious. b) Thegymnosperm stems are mostly mono stelic but pteridophytes have a wide
range of primary vascular system. c) All gymnosperms show secoridary growth, but it is absent in
pteridophytes: In Isoetes and Botrychium, secondary growth occurs but is not extensive. d) The
mature metaxylem in gymnosperms shows bordered pits, but in pteridophytes the xylem is typically
scalariform. e) Gynospermous sieve :cells are shorter, where as pteridophytic sieve elements are

..longer. f) All .gymnosperms are heterosporous, where as the majority of pteridophytes are
homosporous. g) Wind pollination' is a rule in gymnosperms except in Gnetopsida in which
entomophily is reported. h) Gymnosperms are seed bearing plants and seed formation is absent in
pteridophytes.

1.4 GYMNOSPERMS AND ANGIOSPERMS

Both gymnosperms and angiosperms are seed plants. There are many differences in
vegetative and reproductive structures between the two groups of plants: a) The gymnosperms are
slow growing perennials with limited vegetative reproduction. In angiosperms, the plants are
.annual, biennial or perennial and have varied means of vegetative reproduction. b) In angiosperms
both tracheids and vessels are present and in gymnosperms trachieds are present (except in
Gnetopsida). Companion cells in phloem of angiosperms are present and they are absent in
gymnosperms. c) Gymnosperm wood is of either manoxylic or pycnoxylic type and angiosperms do
not show such distinction. d) Pollination and seed dispersal in gymnosperms is mostly
anemophilous but in angiosperms entomophilous, hydrophilous and zoophilous. , e) The ovules are
naked and unitegmic in gymnosperms where as in angiosperms ovules are inside carpels' and are
uni- or bitegmic. f) Pollen grains directly rest on the nucellus of ovules in gymnosperms' but the
angiosperm pollen land on the stigma. g) Monosporic type of female gametophyte development is
characteristic of gymnosperms (except in Gnetum and Welwitschiay but mono-ibi-, 'or tetrasporic
types of female gametophyte development are observed in angiosperms. h) 1h~haploid female
gametophyte in gymnosperms functions as .endosperm after fertilization. In angiosperms the
.endosperm is triploid formed by double fertilization. i) The zygote division is invariably followed

. by wall formation in angiosperms (except in Paeonia) where as in gymnosperms the zygote
undergoes free nuclear division with exception in Sequoia, Gnetum and Welwitschia followed by
wall formation. j) Cleavage polyembryony is prevalent in .gymnosperms and it is absent in
angiosperms. k) Prothallial cells are present in male gametophytes of gymnosperms and archegonia
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present at the micropylar end of female gametophytes of gymnosperms. In angiosperms prothallial cells and
archegonia are lacking.

'The fascinating group of Gymnospermous plants stands between cryptogams and flowering
plants.

1.5 CLASSIFICATION

Gymnosperms have been variously classified by different taxonomists. The evolutionary
history of gymnosperms extends back in geologicai time scale and its fossil record begins in upper
Devonian and spreads over nearly 350 million years before present. There is only fragmentary
fossil record on many of the branches and several presumed gymnospermous remains have been
described from upper Devonian and lower carboniferous periods. It is therefore, natural that there
will be diversity of opinion on the phylogenetic relationships and classification of gymnosperms. In
most instances, the evolutionary relationships of fossil plants are not completely known (Miller,
1985). Sporne (1965) stated that until reproductive organs are discovered in. organic connection
with the vegetative parts, their taxonomic placement is entirely optional.

The smallest unit of classification is the species. Similar species are grouped into a genus.
Various genera are grouped into e famtly, various families into an order, orders into a I lass, classes
into a division or phylum and various divisions or phyta into a kingdom.' Many g.tlIe ent positions
have been assigned to gymnosperms in the plant kingdom. / .

Bentham and Hooker (1883) in their Genera Plantarum placed gymnospe s between
monocotyledons and dicotyledons. Van Tiegham (1898) was first to recognise gy nosperms as
one of the two majordivisions of Spermatophyta (seed plants): the Gymnosperms (Astigmatae) and
Angiosperms (Stigmatae). Coulter and Chamberlain (1917) straightway divided gymosperms into
orders namely - Cycadoflicales, Bennettitales, Cycadales, Cordaitales, Ginkgoales, C niferales and
Gnetales. Later Chamberlain (1935) accommodated these orders in two divisions viz.,
Cycadophytes (including Cycadofilicales, Bennettitales and. Cycadales) and C niferophytes
(including Cordaitales, Ginkgoales, Coniferales and Gnetales). Sahni (1920) divided ymnosperms
into two divisions, based on theorigin of ovules either on the leaves or sporophylls (P yllospermae)
or on the stems (Stachyospermae). Phyllospermae includes Pteridospermales (Cy adofilicales),
Cycadales and Bennettitales. Stachyospermae includes Cordaitales, Ginkgoales; C niferales and
Taxales. The class cycadophytes .of Chamberlain is similar to the phyllospermae of Sahni. Also
Stachyorpermae of Sahni is similar to coniferophytes of Chamberlain except that Sa I i recognised
Taxales as a separate orderandChamherlain included Gnetales as separate orderin th class."

Arnold (1948) recognised three . separate phyta (classes) viz., i) Cycadophyta
(Pteridospermae, Cycadeoidales and Cycadales), ii) Coniferophyta (Cordaitales, Ginkgoales,
Taxales and Coniferales) and iii) Chlamydospermophyta(Ephedrales and Gnetales), Amold:(1948)
opined that the sjed habit arose independently in different Classes, thus the gymnosperms
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representing a polyphyletic group. Florin (1948) upheld the separation of Taxales as an order
coordinate in rank with the Cordaitales, Ginkgoales and Coniferales. However, he included only
Taxus, Torreya, Amentotaxus, Nothotaxus, Austrotaxus and their fossil' relatives and retained
Cephalotaxus within Coniferales. Pilger and Melchior (1954) recognized three classes viz., a)
Cycadopsida (Pteridosperrnales,. Bennettitales, Pentoxylales, Cycadales), b) Coniferopsida
(Cordaitales, Coniferales, Taxales and Ginkgoales) and c) Gnetopsida (Gnetales).

Bierhost(1971) proposed a slightly different classification:
Cycadopsida: Pteridospermales.Caytoniales, Cycadales, Cycadeiodales, Pentoxylales and

Glossopteridales.
Coniferopsida: Cordaitales, Protopityales, Coniferales, Taxales and Ginkgoales.
Gnetopsida: Ephedrales, Gnetales and Welwitschiales.

He proposed separate orders Caytoniales, Glossopteridales in Cycadopsida and protopityales in
Coniferopsida. Ephedrales, Gnetales and Welwitschiales in Gnetopsida.

Beck (1981 ) and Rothwell (1982) proposed a scheme of classification to account for the role
of progymnosperms. The progymnosperms show a combination ofpteridophytic (spore producing
reproductive structure) and gymnospermic (arboresent, abundant secondary xylem, bordered pits on
xylem tracheids and leaf traces without leaf gaps) characters. This group is considered to be the
progenitor of gymnosperms.

Stewart (1983) proposed a Classification which is synthesis of several different natural
systems. He used the fossil record to establish the natural relationship within the major groups of
vascular plants. His classification is as follows:

1. Progymnospermopsida (Ancestors of Gymnosperms):
, a) Aneurophytales, b) Archaeopteridales, and c) Protopityales.
2. Gymnospermopsida: Pteridospermales, Cycadales, Cycadeiodales, Caytoniales, Glosso-

pteridales, Pentoxylales, Czekenowskiales, Ginkgoales, Cordaitales, Voltziales,
Coniferales and Taxales.

3. Gnetopsida: Gnetales, Ephedrales and Welwitschiales.

Meyen (1984 & 1986) recognized three classes' namely, Ginkgoopsida, Cycadopsida and
Pinopsida. Under Ginkgoopsida he placed nine orders, Cycadopsida had six orders and Pinopsida
had two orders. Meyen treated Gnetales and Welwitschiales in the Cycadopsida arid Ephedrales in
the Ginkgoopsida which appears highly unsatisfactory.

Rothwell (1985) cometed that during the past 50 years, new taxa have not been described
andtheinter-relationships between the existing taxa have also not changed significantly. Hence,

.the different classifications which are in vogue, differ mainly in their content and placement of
various orders and families. The classification in this book is based on Pilger and Melchior (1954)
adopted by Spome (1974).-6)



. Sc. Botany (Previous) Pa .er-I - Lesson-! - 6 -GYMNOSPERMS - CLASSIFICATION, DISTRIBUTIO
. lANDECO.NOMIC IMPORT ANCEl . . . . . '.

Gymnosperms

A. Cycadopsida B. Coniferopsic.,

1. Pteridospermales*
2. Bennettitales"
3. Pentoxylales*
4. Cycadales

1. Cordaitales*
. 2. Coniferales
3. Taxales
4. Ginkgoales

C. Gnetopsida

1. Gnetales

1.6 DISTRIBUTION OF GYMNOSPERMS

Of the living (extant) gymnosperms, cycadales and Ginkgoales are very ancient with along
fossil history and they are often referred as "living fossils". The living gymnosperms. are
represented by 69 genera and 760 species. In India, gymnosperms are represented by 14 genera and
50 species (Raizada & Sahni, 1960). Such a low representation of gymnosperms in India is due to
the fact that these plants require mainly temperate climate. and such' climate in our country is
available chiefly in Himalayas. Therefore, gymnosperms distributed in Himalayan ranges only.

1.6. (a) Worldwide Distribution of Gymnosperms

Cycadales: Of the 11 taxa of cycadales, six taxa occur in Eastern hemisphere andfive taxa in
western hemisphere. NQ single genus is represented in both hemispheres. Of the eastern cycads,
Macrozamia, Lepidozamia and Bowenia are corifined to Australia and.Encephalortus and Stangeria
exclusively to South Africa. The genus Cycas occurs from Australia to Japan, touching India and
China. Of the western genera Dioon and Ceratozamia are confined entirely to Mexico,Aficrocycas
to Western Cuba, Zamia to both areas and Chigua in Columbia only.

Ginkgoales: All members of the order Ginkgoales except Ginkgo became extinct by Cretaceous
period. I The sole surviving member Ginkgo biloba is restricted in its geographical distribution. At
present, it is confined to a small in accessible region in South-eastern China. The reason for its
survival is probably its immense vigour that enabled it survival. Ginkgo is to be regarded as one of
the wonders of the world because it has persisted with very little change through a very long
succession of ages. The remarkable unchangedness of cycads and Ginkgo biloba is that still they

. produce motile sperms, though they have been in existence for at least 200,000,000 years.

*Extinct and represented by fossil genera only
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Coniferales: Coniferales are the most conspicuous group and constitute more than three fourths of '
the total living gymnosperm flora. They occupy vast areas of the temperate regions of both
Northern and Southern hemispheres. Western North America, Eastern and Central China, parts of
Australia and New Zealand have abundant conifers. There are 52 genera and 566 species of
conifers (Mehra, 1988r Of the' six families, Pinaceae, Taxodiaceae are distributed in Northern
hemisphere and' ,Podocarpacae, Araucariaceae are' represented in, Southern hemisphere.
Cupressaceae is an interesting family in that half the genera northern and half southern in
distribution.

The taxa of Pinaceae i.e., Abies, Cedrus, Larix, Picea, Pinus, Pseudotsuga, Tsuga are
distributed mainly in Northern Europe, North and Central America, Subtropics of North America,
the Canary Islands, Afghanicthan, Pakistan, India, Myanmar and the Philippines. They spread upto
Indonesia after crossing the equator.

Of the ten genera of Taxodiaceae seven are rnonotypic and remaining three have 8 species.
Taxodium is native to North America and Mexico. Taxodium has three species of which T. ,
ascendens is common in wet grounds from Florida to Mexico, T. mucronatum specimen present in
Tule about 400 Ian South of old city of Mexico is 5,000 years old and probably the oldest living
thing in the world. The tanest living tree Sequoia sempervirens (Californian redwood) is restricted
to a harrow coastal belt in California (USA) and Sequoiadendron giganteum (big tree) in central
California. Cryptomeria japonica and Cunninghamia spp. are distributed in Japan and parts of
China. Sciadopitys verticellata is present in Japan, Glyptostrobus in China and Taiwania in'
Formosa. Athrotaxis is the only Southern taxa confined to Tasmania. '

Cupressaceae is the largest family of conifers. There are about 22 genera and 150 species' in this
family that occur both in Northern and Southern hemisphere. Cupressus, Chamaecyparis,
Retinospora, Thuja and Juniperus are distributed in Northern hemisphere while southern taxa such'
as Callitris is confined to Australia, Tasmania and New Caledonia, Libocedrus to New Zealand and
Popuacedrus to' New Guinea extending across the equator into Northern hemisphere. .

Podocarpaceae consists of seven genera namely Acmopyle, Dacrydium, Microcachrys,
Microstrobus, Phyllocladus, Podocarpus and Saxegotheca. These are mainly distributed in Africa,
South East Asia, Australia and South America. The largest genus Podocarpus (106 species) occurs
in the mountain forests of warm temperate arid subtropical regions of Southern hemisphere. Some
species occur in Japan, China, India, Malaya and the Philippines. Dacrydium and Phyllocladus are
chiefly distributed in New Zeland and Tasmania. Saxegotheca is confined to Chile and
Microstrobus to Tasmania. Acmopyle is restricted to New Caledonia and Fiji. .

Araucariaceae is with two taxa viz., Araucaria and Agathis. They are restricted to Southern
hemisphere. Araucaria is distributed in South America, Australia, New Guinea and New
Caledonia. Agathis is exclusively eastern extending from the Philippines to New Zealand and
Malaya to Fiji.
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Cephalataxus is the' only genus of the family. Cephalotaxaeeae is distributed from Eastern
Himalayas to Japan in subtropical forests.

Taxales: The order Taxales includes a single family, Taxaceae with five genera VIZ., Taxus,
Austrotaxus, Pseudotaxus, Torreya and Amentotaxus.

The principal genus Taxus is distributed in North America, Europe and Asia and extends
upto Malaya. Amentotaxus presently occurs in East Asia. Torreya occurs only in California, Florida
and Eastern Asia. Austrotaxus is confined to New Caledonia.

Gnetales: This order includes three genera i.e., Gnetum, Welwistchia and Ephedra. Gnetum
inhabits moist tropical forests in parts of Asia, Africa, Northern South America and certain islands
between Asia and Australia. Most of the species of Gnetum (30 spp) are endemic. The monotypic
Welwitschia is confined to only narrow belt in South-West Africa. Ephedra comprises nearly 40
species widely distributed in the arid regions of New world and old world from Mediterranean and
Black Sea shores upto China including northern and north-eastern India. The old world (France,
Canary islands; around the Mediterranean east to Persia, India and China) accounts for about 18
species whereas 22 species are confined to the New World (North and South America).

1.6 (b) Distribution of Gymnosperms in India

The gymnosperm flora of India comprises 14 genera and 50 species (Raizada arid Sahni,
1960).

Cycadales: Five' species of eyeas occur mainly in South India. These are Cycas beddomei (Madras
and Cuddapah district in Andhra Pradesh), C. circinalis (Andaman and Nicobar Islands and some
dry deciduous forests of South India), C. rumphii (Andatnan and Nicobar Islands), C. griffithi
(Manipur and Nega Hills) and C. pectinata (Assam, Bihar, Sikkim and several parts of Eastern
India). C. revoluta, a Japanese species is cultivated commonly in Indian gardens .:

Coniferales:' Ten different genera of coniferales are reported from India. The distribution of
majority of these members is restricted to Himalayas (Table.I),
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Table 1. Distribution of coniferales and taxales in India

S.No. Species Family Place of occurrence

1. Abies delavayi Pinaceae Eastern Himalayas (2750-3350 m)
2 A. densa " Eastern Himalayas
3 A. pindrow

"
Western Himalayas (2500 m)

4 A. spectatbilis " Western Himalayas
5 Cedrus deodara

"
Western Himalayas (1200-3300 m)

6 Cephalotaxus griffithi Cephal- Eastern Himalayas
otaxaceae

7 Cephalotaxus mannii " Eastern Himalayas
8 Cupressus tortulosa Cupressa Chamba Hills (H.P.) to Akai Hills-

ceae Assam (1800-2800 m) ,
9 Juniperus communis

" Garhwal Himalayas (2900-4250 m)
10 J coxii " Eastern & Western Himalayas
11 J macropoda

" Laddakh, Kanawar and Alaknanda
Valley (2500-4300 m)

12 J squamulata
" Eastern Himalayas (3000-5000 m)

13 J wallichiana
" Himalayan ranges (3000-4200 m)

14 Larix griffithiana Pinaceae Sikkim,Churnbi valley of Tibet,
MishrniHills (Assam)

15 'Picea smithiana
" Western Himalayas

16 Pinus 6 species
" ..Himalayas

(P. roxburghii,
P. insularis
P. gerardiana)

17 Podocarpus- neerifolia Podocar- Andaman Islands & Eastern
paceae Himalayas

18 Podocarpus wallichiana
" Nilgiri Hills, Assam

19 Tsuea dumosa Pinaceae Darjeeling
20 Taxus baccata Taxaceae Khasi-Jaintia hills in Assam & Naga

Hills, Manipur, Simla

(Numbers in parentheses indicate meters above sea level),

Gnetales: The five species of Gnetum and six species of Ephedra occur in India (Table 2).
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Table 2. distribution of Gnetum species in India

S.No. Species Place of occurrence

I Gnetum uta Western Ghats, Kerala, Nilgiris, A.p.
andOrissa

2 G. contractum Nilgiri Hills; Coonoor & Hills of.
Kerala

3 G. gnemon Assam
4 G. montanum Assam, Sikkim and Orissa
5 G. latifolium AndamanNicobar islands

Ephedra foliata, E.gerardiana, E. intermedia, E. nebrodensis, E. regiliana and E. saxatilis
are widelygrowing in dry parts of Haryana, Punjab, Rajasthan and parts of Sikkim, Kashmir and
also at high altitudes of Himalayas.

1.7 Economic Importance of Gymnosperms

The gymnosperms constitute an economically important group of plants. They are being
used throughout the world for various purposes including landscaping, timber, building
construction, paper manufacturing, resin, varnishes, perfumes, essential oils and medicines. Some
of such aspects are dealt in brief-here.

(A) Wood: The coniferous wood is generally straight-grained.Tight-colouredand light-weighted .
. Its texture. is softer than angiosperm wood, due to presence of more cellulose. The wood finds great
use where strength and durability are not required. It is much valued for cabinet and furniture
making, joinery work and interior decoration. The wood of Abies -alba an important timber of
Europe is used in general carpentry, musical" instruments, boards and boxes. Different species of
Abies form important timber yielding trees of different countries. A. delavayi is an important
timber tree of China, A.grandis in Canada, A. firma in Japan, A. procera in America and A.
pindrow in India. Agathis australis(Kauripine) is the chief timber tree of New Zealand. Araucaria
angustifolia occurs mainly in Brazil, yielding uniformly textured wood useful in making doors, bus. .

chassis, plywood and in joinery work. The wood of Callitris is hard, close grained and fragrant. ..It .
polishes and finishes well and is resistant to white ants due to the presence of phenol and other
chemicals. .

,
Cedrus atlantica (Algeria, Morocco), C. deodara(India) and C. libani (Lebanon) are much

valued among conifers, as their wood is very durable, oily, sweet scented and without resin ducts.
The cedar of Lebanon (c. libahi) was called 'Tree of God' by the ancients as its wood was used as

. roof beams hi. all the sacred and celebrated temples of Egypt. Cedrus deodara is one of the most
important timbers of North India. It is considered strongest among the Indian coniferous woods and
.as strong as teak. It is resistant to insect attack and used for making doors, poles, furniture, beams,
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. ceilings, columns, carriages; wagons, boats, flooring and wood .carving. Cryptomeria japonica
yields, one of the most utilized timbers of Japan and is used for furniture, building construction and
panelling. The. wood of Juniperus species is used for pencil making, ship building, ports, carpentry
and furniture. Good quality furniture Is made from the wood of Juniperus chinensis in China,
Japan and Mongolia. Cupressus sempervirens wood is considered. an excellent furniture wood in
France and Italy. The doors of St. Peter's in Rome were made from this wood which lasted for
nearly 1000 years and this wood is reputed to be one of four woods. used in the construction of the
cross upon which Christ was crucified. The wood of Larix is one of the heaviest, strongest and
toughest of the softwoods.

The wood of Picea sitchensis is the most valuable of all spruce woods because of its
combined qualities of strength and lightness. It is used for plywood for special laminates in
aeroplane and glider construction. Different species of Pinus yield. commercially important and
valuable timber. The wood of Taxus is also strong, oily, elastic and very durable. Ginkgo biloba .
wood islight and brittle. In China and Japan, it is used for chess boards.

(B) Paper and Board

Paperismade from fibrous material of plant wood. The largest paper producers USA and
Canada get 85% of the wood pulp from coniferous wood that contains greater average length of
fibres and large percentage oflongfibres per unit volume of wood. The wood is converted into pulp
or fibrous mass byeither mechanical process or chemical process: The important conifers used
extensively for the manufacture of paper and board are: Pinus sp.' Picea, Abies, Tsuga, Thuja.
Agathis, Araucaria and Larix.

(CjResins

The conifers are amongst the. major resin yielders in the world. Resins are plant exudates
and insoluble in water. They are chemically related to terpenes or essential oils. The superior grade
resins have invaluable application in industries like paints .and varnish, lacquers; paper sizing and,

. medicine. The inferior grades go in the manufacture of yellow laundry soap, printing ink, oil cloth,.
insulators, insecticides; adhesives, plastics, disinfectants and shoe polish.

. .

In most conifers, the resin remains mixed with either abundant essential oil (oleo-resins) or
very little of it (hard resins); In some others the resin is mixed with gum (gum-resin). The hard
resin obtained from Agathis australis is known as 'Kauricopal' and from Agathis alba is called
Manilacopal. Amber is another hard resin produced from the extinct conifers of which Pinus
succinifera is the main source. Sandarae is also a hard resign obtained from Tetraclinis articulata
and Callitris sps.

Turpentine is. an oleo-resin obtained exclusively from conifers. On distillation turpentine.
yields essential oil (spirits of turpentine), and rosin, both of them are immensely useful. The oleo- .
resin obtained from Abies balsamea is called 'Canada Balsam; which is a' viscid, yellowish
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substance with high refractive index. It does not crystallize or granulate on drying. So it is
preferred as mounting medium for microscopic objects.

(D) Tannins

. The bark of Tsuga canadensis has 4-18% of tannins. The other conifers that yield tannins
are Larix decidua, Picea abies andPhyllocladus trichomanoides. Tannins are organic compounds,
glucosidal and are astringent. They are useful in leather industry, medicine and common inks.

(E) Essential oils

Almost all those conifers that yield resin produce essential oils. Steam distillation of the·
young branches, leaves and wood yields .the oil, which is used extensively in preparations of
deodorants, room sprays, disinfestants, perfumery and medicine. Oil of juniper (Juniperus
communis) is used as an essence. for flavouring several European liquors such as gin ... Oil of cade
(J. oxycedrus) is used in the treatment of chronic eczema. In India, the oil extracted from Cedrus
deodara is used in perfumery and scenting soaps;

(F) Fatty Oils

The seeds of several gymnosperms have fatty oils. Cephalotaxusdrupacea seeds yield ~
fatty oil which is used as an illuminant in Japan, The fatty oil yielded from the seeds of Torreya
nucifera is edible. The seed kernels of Gnetum ula yield a fatty oil which is used for massage in
rheumatism.

(G) Food supplements

Young succulent leaves of Cycas spp. and Gnetum are cooked and eaten as vegetable. The
starch extracted from the cortex-and pith of cycas stem and seeds is used as a food. The pith of
Encephalartos is used to make kaffir bread by the aborigines of South Africa. The seeds of Torreya
nucifera are an important article of food in Japan. The seeds of Gnetum ula and G. gnemon are
eaten roasted or cooked. Pine (Pinus spp.) seeds are rich in fats and proteins. They have a good
flavour and are edible. The nut is referred to as pignolia (England),Pinone (Italy) and Pignon
(France). The ripe seeds of Araucaria bidwilli are used for food in Queensland by the aborigines
and similarly natives of chile. In India, starch is extracted from the dried seed kernels of Cycas and
Dioon., . - .

(H) Drugs

, The alkaloid 'ephedrine' isextracted from the green branches of Ephedra spp. (Esinica,
E. equisetina, E. intermedia, E. gerardiana and E. major). The plants of Ephedra contain upto 2%

..of alkaloids of which 30-90% is ephedrine and pseudoephedrine. Ephedrine resembles adrenaline,
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a hormone-like substance with a stimulating action on sympathetic nervous system. Ephedrine is a
important ingredient in the cough mixtures, in nasal drops and inhalents. In China, Ephedra (Ma-
huang) has been a common medicine for over 5000 years. It is prescribed for typhoid, bad colds,
fever without sweat, pains of body andjoints, swelling of ankles and short breath.·

An extract of Ginkgo biloba leaves is useful in the. treatment of cerebral insufficiency and
vertigo. The extract is chief source of C20 trilactone ginkgolide compounds which antagonize
platelet activating factor (PAF) in vertebrate blood systems. The leaves of Taxus baccata are used
in asthama, bronchitis, hiccough, epilepsy and for indigestion.

Taxol is 'a drug obtained from the dried inner bark (phloem-cambial tissues) of Taxus
brevifolia. Taxol is considered to be the most effective natural anti-cancer drug and approved for
clinical treatment of ovarian cancer, breast cancer, non-small-celliung cancer, melanoma and colon
cancer. Taxol has two' tumour fighting mechanisms: a) it freezes the mitotic spindle, preventing
depolymerization and subsequent division of tumour cells; b) it inhibits cell migration and spread of
metastatic cancer cells. The amount of taxol in the bark is relatively low (0.01 %) and 7000 kgs
bark from 3 or 4 trees of 60 years old produce 1 kg. of taxol. Hence, Taxus species may become
extinct if its exploitation continues and scientists take long time to explore alternative sources of
taxol.

A mucilaginous and transparent gum exudated from Cycas is 'used for curing ulcers and as
antidote for snake and insect bites. Powdered stem of Cy~a8 pectinata is used as a hair wash in
Assam. The juice' of young leaves of C. revoluta finds its use for, flatulence and vomiting blood.
Cycas seeds are used as an emetic and cure for boils, sores, wounds etc.

(I) Other uses

Conifers constitute important group that hightens the beauty of any hill restort, due to their
stately appearance, symmetrical growth, evergreen habit and they are undoubtedly a treat to the eye.
They are used frequently in landscaping of parks arid gardens. Gymnosperms offer a good source
material for developing 'bonsai' plants.

. .. .

Wood wool and leaf wool are obtained from conifers by cutting wood or leaves into tiny
small pieces. the wool is used for stuffing pillows, cushions etc. Wood W091 of oil-yielding conifers
is in demand as it emits a very faint and .pleasant pine smell. Conifers are used as Christmas trees
and Ginkgo biloba is worshipped by buddhists.

The symbiotic association of blue green algae with Cycas corolloid roots that assists
nitrogen fixation and mycorrhizal association of conifer roots (e.g. Pinus) are the two important
areas to be understood thoroughly for their use in gymnosperm' tree improvement programmes.
Indeed there IS a need to study this fascinating group of plants - Gymnosperms.



. Sc. Botany (Previous) Pa er-I - Lesson~ 1 -14 ~YMNOSPERMS - CLASSIFICATION, DISTRIBUTIO
ND ECONOMIC IMPORTANCE

1.8 Summary
Seed plants are divided into Gymnosperms and Angiosperms. The plants whose seeds are

afforded less protection, borne directly on sporophyll like structure and-exposed ,vividly are
included in Gymnosperms. These are mostly woody and evergreen 'trees, shrubs or Hanes. The
gymnosperms constituted once world's most dominant vegetation during Palaeozoic and Mesozoic :
eras and steadily declined thereafter. Taxonomists classify gymnosperms into three major classes
viz., Cycadopsida, Coniferopsida and Gnetopsida, each one of them variously divided into different
orders and families. The living gymnosperms are at present represented by 69 genera and 760
species, distributed throughout the world. In India, 14 genera and 50 species. are present.:
Gymnosperms constitute an economically important group of plants used for various purposes .
including landscaping, timber, building construction, paper and board manufacturing, resin, varnish, '
perfumes, essential oils and. drugs. .

1.9 KEY TERMS

Angiosperms: Seed plants whose seeds or ovules are enclosed in an ovary.

Ephedrine: An alkaloid extracted from the plants of Ephedra.

Gymnosperms: Seed plants whose seeds are unprotected and ovules exposed.
. .

Hard-resin: Resin with little amount of essential oil in it.

Manoxylic wood: Soft and sparse secondary wood of gymnosperms with very wide
parenchymatous rays: Commerciaily less useful wood.

Oleo-resin: Resin with abundant amount of essential oil in it.

Pycnoxylic wood: Dense and bulky secondary wood of gymnosperms with very small narrow
wood rays and an important source of world's timber.

Resin: Plant exudate insoluble in water and soluble in organic solvents.

Spermatophyta: The division representing plants with seeds.

TaxoI: A drug obtained from the inner-bark (Phloem-cambial tissues) of Taxus spp.



IACHARY A NAGARJUNA UNIVERSITY -15 - . CENTRE FOR DISTANCE EDUCA TIONi

. I

·1.10 MODEL QUESTIONS

l. Write an essay on the classification of Gymnosperms.
11. Describe the distribution of living gymnosperms. .
Ill.- Write an account on the -economic importance. of Gymnosperms.
IV. Write short notes on the following:

Ephedrine
Taxol
Oleo-resins
Timber yielding conifers
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. AIM
A comprehensive account on seed ferns (Pteridospermales) is presented in this lesson.
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.,

2.1 INTRODUCTION

Fossils. are vestiges or traces of plants. and animals of the past. The study of fossil plants
(Palaeobotany) is such an important branch of science that much of our understanding on past plant
life depends onit.· One of the most significant contributions that palaeobotany has made to enhance
the knowledge of plant history isthe discovery of a large and diverse assemblage of fossil plants
known as the •Pteridospermales or Seed ferns'. Our present day knowledge on gymnosperms
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support the fact that all gymnosperms except Gnetopsida, have originated from Middle Devonian
Aneurophytales. The two divergent lines have given rise to Cycadopsida and Coniferopsida each
with distinctive features. The" Cycadopsidacomprises four orders viz., Pteridospermales,
Bennettitales, Pentoxylatesand Cycadales, '

, ,

Pteridospermales (Seed ferns) possessed fern-like foliage and seeds.jhe features that led to
coin the, name 'Pteridosperms'. As they contain the characters that combine both the characters of
cycads-and ferns, the group was also .named as 'Cycadofilicales'. Pteridospermales are a large and
diverse assemblage of plants which' first appeared in the Upper Devoniantimes and extended
through the Carboniferous and Permian to the Mesozoic era. The fossil remains of most of these
plants are however of fragmentary natureandhence very difficult to define them.

, The nature of ovule and. seed habit in the seed-ferns and seed plants can be explained from
the comparison of similar structure in ferns. For example, afern species of Selaginella have only

, one megaspore in each sporangium that retains within sporangium for long time. The 'megaspore
may. exhibit in situ germination, formation of archegonia, their fertilization in the female prothallus '
and young sporeling may begin to deveiop while' still on the parent. sporophyte. This behaviour

forms a close parallel with that of seed-plants. But in seed-plants the megasporangium does not
dehisce and it is completely enclosed in one or more envelopes (integuments). Upto the stage of
fertilization this compound structure consisting of megasporangium and integumentsis termed as
ovule, which after fertilisation develops into' a seed and sheds from the parent plant. Thus an ovule
may be defined as an indehiscent iritegumented megasporangium containing a single functional
megaspore.

2~2GENERAL CHARACTERISTICS OFPETRIDOSPERMALES _ '
, ,

1: Plants with relatively slender stems.
2. Primary xylem mesarch (rarely exarch).
3. Primary wood in the form.ofsolid or medullated proto stele , Sometimes reduced to circum-

medullary .strands, '
4. Stems are sometimes polystelic.
5. Secondary wood ismanoxylic type, very limited in amount and consists oftracheids with

multi seriate pitting on the radial walls. '
6. Leaves mostly.large.fern-likeand often multi-pinnate.
7. Ovule sand seeds borne on frond (megasporophyll) which is not part of the cone.

2.3 CLASSIFICATION OFPTERIDOSPERMALES

. This group is divided into seven families ,(Spome, 1965), namely: i) Lyginopteridaceae, ii) , .
Medullosaceae, iii) Calamopityaceae, Iv) Glossopteridaceae, v) Peltaspermaceae,. vi}.
Corystospermaceae, and viii) Caytoniaceae, ,Stewart (1983) separated the lastthree families from
.the restto include them into all order 'c. yoniales'. In some other classifications Caytoniaceaeis
separately described as a.distinctorder 'Ca; ioniales'. Hence, in this chapter only details of the six
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families included. Based: on theciistribu(ion.of the fossils the four families viz., Lyginopteridaceae,
Medullosaceae, .Calamopityaceae, . Glossoptoridaceae considered. as palaeozoic pteridosl'erm~les

.. and the other two families viz.i.Peltaspermaceae and Corystospermaceae.constitute, Mesozoic
. pteridospermales. .'. .•. . . .' . ... .

. The fossilremains of pteridospermalean .plants are, however, of fragmentary nature and
therefore the description is based on isoiated parts which are assigned to alargenumber of form-
.genera.

'. ." . ".

·2.4: L YGINOPTERIDACEAE ..

(A) Generalcharacteristics

Taylor and Millay (1981) and Stewart(19.83} listed the followingdistinguishing features of
Lyginopteridaceae. . ... . . .. .

1, ..Fossil specimens have'been'found from both the lower" and Upper Carboniferous periods of
.Palaeozoic era. . .. .

2.' .The plants were lianes or vine-like in habit.
3.. Fronds large and usually had a bifurcate rachi~.··
4 .. Leaves were highly dissected: . .
5. Petioles had a Vvor W-shaped trace formed from the fusion of several smaller traces ..
6. Stems weremonostelic. .. .: . ..... . .... •.•. .. ..
7. Due to monostelic .stems, it was always difficult for. the sterns to support their .large fronds.: .

Therefore, the plants must have had. a straggling growth habit.
8; Cortex vias with anastomosing longitudinal. bands .(dictyoxylon or Sparganum cortex) of

sc1erenchyma.
9. Ovules radially symmetrical and borne.in.cupules.
·1O~A structurally complex pollen chamber or pollen-receiving device was present in the ovule.
11. The apex of the nucellus elaborated into a lagenostorne or salpinx.
12. Pollen-producing organ~ were in clusters (synangia) on the branches of fronds.

B. Stems:

The sterns of Lygtnopteridaceae have been described by different generic names viz.,
Tetrastichia, 'I'ristichia, Rhetinangium.Heterangium, Lyginopteris, Schopfiastrum etc.

Tetrastichia and Tristichia are rnonotypic genera,' whose primary stem structures would
almost certainly have place them with ferns, were if not for their secondary wood and cortical
bands of sclerenchyma-which are typical of pteridospermstems. The stem of.l'~trastichia was
less than 1 em in diameter and branched.in an opposite and decussatefashion (Fig. 2.1 A)
The primary xylem was cruciate '(four-armed) and consisted of a solid proto stele . r This' consisted of

-_.r~ticulatelypitted tracheids, withoutany admixture of parenchyma. Ineach arm.of theprotostele,
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.there.was.a mesarch.protexylem.from which the. branch trace ·protoxylems had their .origin. The'
.bran.ch.;traceswerebutter-.fly shaped ...A narrow zone ofsecondary-woodImanoxyliejwas present
that followed the outline of the primary wood. This was made.up oftracheids With reticulate .'
thickenings.·and both. uniseriateand multi-seriate wood-rays. "In the inner cortex there were:
scattered.groups of stone-cells (Scleroticnests) wid in the outer cortex a network of plates' of fibres,
(Spharganumcortex ).Tris~ichia:was similar t() Tetrastichla, differing mainlyin its. I /3' phyllotaxy .

".an~itsprimalywoodhadthreeiadlating'atnis·(Fig.2.1 B). Rhetinanglum stem was about 2 em in
.diameterwith a' central stele-about"? nun 'across, ..'Theprimaryxylem was exarch.. The. stele .::

, consisted-of numerousstrands oftrachieds separated by ameshwork of parenchyma. '.Cortex was ...'
.•..similar to other sterngenera Iii having network of fibrous. pltltes;Petiolerec¢iyed severalxylem .

strands that arranged in D-shaped corrugated band. Heteranglum is the commonest-stem genus.
Some. twelve species of Heterangium are .known f.Iomtheuppercarbomferous. period.' Scott
(1923) placed them inthreesub~genera;Eu-Heter~mgiunl.Polyangiurri· and Lyginangium, which.
are believed to represent successive .levels of evolution. .Eu-Heterangium .subgenus includes the
species likeH grievii in whichthe leaf trace was singleatitspolnt of origin -. In other species (H, .
schusteri),the leaf trace divided 'into two .. :InPolyangillln group (If' jiliae~1desand H sho.ren~e),.'.:
·the 'leafttacewas .a .double' structure .•from the. start,. Lyginangiumgroup .contains, species -(H
andrei)in which.some degree of medullation.had taken place. The primary xylem wasmesarch.and-.
.manoxylicseeondarywood consistedoftracheids withmultiseriate pitsonthe radial. walls. Both ..··
·.theouter and inner cortex of thestems contained' sclerotic. cells and.bandsof fibres. .

.. ~ •.

A .
xo

"~.' ... '

.~~ .

',' .Fig..2.1' Vascular systems'of primitive pteridosperms
A;Tetr~stichia:B, Tristichia.C, Schopfiastrum

(A, basedon.Gordeon; B,onLong; c;on Andrews)

. An6tlier common-stem. genusLygiiiopteris~asstudied in. greater detail. . This .was
.represented'an.examplewhere the process of medullationwas completeresulting central-pith and.
·primary, woodremainedmearlyby the.peripheral Ieaf-tracejystem. , A reconstructionof the
_ttanyer~~section<ofthestemof,L oldhamia' shows a mesarch spiphonostelewitha well developed'
centrally Iocated pith ,(Fig. 22). Primary wood consisted of 5-10, mesearch circum-medullary
xylem strands surrounding a central pi~; . Outside tothis;.a .narrow zone of 'secondary wood was
present, which was. veryloose because of the multi seriate; rays. Xylem tracheids of the secondary
wood are, withmultiseriate bordered, pits on the radial walls. Sclerotic .nest~~~e present both' ill the
pith-region andpericycle also. The outer cortex 'is with a very-well-marked network oflongitudinal
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plates of fibres (dictyoxylon cortex) which in transverse section-give the.generalimpressionof-the
Roman numerals ona clock face. This makes the stem of Lyginopteris one of the easiestfossils to
recognise. Leaves on the Lygmopteris stem were borne in a 2/5phyllotaxy> -One of the peripheral
xylem-strands in the stem splits into two and sends-out the leaftrace strand which on entering into
the .leaf base divides to form V-shaped strand. . . .

outer .cortex '. .

/

. ,

~""""'~ ....leaf trace .

. '

.. .- ".. .:".

. Fig. 2.2 Lyginopteris oldhtimia.T.S;stem (inodified afterKldston). .'•

.' ThestemofSchopjiastrumdecussatum (Fig. 2.1 C) resembles. Rhetinangiuniancl
Heterangium in that a, few parenchymacellspresent mixed with primary xylem.traehieds of the'
centrally 'located stele .. But the protoxylem.wasexarch .. Leaf traces were large-sized.and given off.
in an opposite fashion, The outercortex was with a network of fibrous' strands. .

C.Fronds:

Most of the' pteridosperm .fronds were solarge that their '.fossils" are rarely . found intact.
Hence, minute details of shape and venation of the pinnulesare the only available characters ..
When-the complete frond is found.Ttisfrcquently seen to have foiled near 'the base into two equal
halves, This seems to be the characteristic of'pteridosperm fronds.' .

. . Pecopteris, . Alethopteris, Callipteridium, ,Odontopieris,' Neuropteris, ·Sphenopterls)
Sphenoptertdium:' Diplopteridium, Adiantites are. someoffue ;frond~genera (Fig,'.Z:3) of

, Pteridospermales.
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Fig. 2.3 Fronds of some L~wer (A to D) and Upper (E to M) Carbo~iferous Pteridosperms
A,A complete frond ofDiplopteridium tellianum; B, A part of frond of Sphenopteris affinis; C, A complete
frond of Sphenopteridtum capillare; D, A part of the. frond of Adiantites machanekii; E, A pinna of

.Meriopteris showing double dichotomy; F, A complete frond of Odontopteris; G, Upper part of frond of
Alethopteris; .H, Upper part of the. frond of Neuropteris; I, A pinnuleof Sphenopteris; J, Pinnule of
Pecopterisarmasii; K, Pinnule of'Lonchopteris; L, Pinnule of Neuropteris;M, Pinnule of Linopteris.

27
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Pecopteris had pinnuleswith parallel or slightly curved margins attached by the whole.
width at the baserThe pinnules were free from eachother(P. dauberiiy orpartly joined(P. armasiy
resulting pinnatified condition, rather than pinnate. In Alithopteris, the concurrent portion received

'", veins from the rach.is as well as from the pinnule.midrib.Odonpteris had decurrentpinnules with
.: arched veins entering directly from the rachis.The form-genus Callipteridium resembles Pecopteris .
. 'and,Alethopteris on one hand and Ddontopteris on the other. In some other gellera like Neuropteris

pinnule morphology varied form place to place in the same frond .. ,The. pinnae become
.progressively less •compound, towards apex; often changing from pinnate through pirmatified to

, entire ....•

The frond known as Sphenopteris Hoeninghausii was forked once a~a point just above the
basal pinnae and with 'W~shaped trace in the petiole. It .was confirmed to have~ome on
Lyginopteris stem.mot only by .the continuity ofthedictyoxylon cortex into the petiole but also'
because oftheoccurrence on both the stem and petiole of peculiar glandular spines, -.. .

. The lower cm-boniferous pteridosperm fronds are with much branched pinnules and the
ultimate segments were still narrow-and axis like. But the upper carboniferous genera had a well- .

. marked midrib with lateral veins and some with. reticulate venation.' .-... ". ."". - '. -." . . . - .

D.Seeds:

. . Many seed genera have been described from lower. and upper carboniferous deposits; of
which Sphaerotstoma.: Salp~ngostoma,Calathospermum, Genomosperma, Hydrasperma,
Stamnostoma, Eosperma, 'Lyrcisperma, Eusystoma, Camptosperma are of Lower Carboniferous and
Lagenostoma, Physostoma, ConostomaTyliosperma are upper Carboniferous age (Fig. 2A). The
details of two seed-genera (Sphaerostoma and Lagenostoma) representing lower and upper
carboniferous period are,presented here along with some distinguishing features of other seeds.

Sphaerostoma ovale·(Fig. 2.4A), believed to be the seed of Heterangium grieviiwas like all
the seeds of Lyginopteridaceae, it was relatively small (3.5mmx 2 mm) and closely invested by a

. cupule. The cupule had eight vascular bundles rimning vertically within it. The integument also
.had eight vascular bundles and. it was fused with the nucellus except right at the apex where it

. formed a canopy over nucellar cap. Eight crested lobes of integument, corresponding to eight
.vascular bundles, constitute thecanopy round the micropyle. The nucellar cap was modified into a
pollen capturing device called 'Iagenostome' (Fig. 2.4 A-D) Of the hundreds of seeds examined,

"'~lOnehas been found with an embryo .inside, lending support to the view that fertilization must have
.taken place after, the' pollinated seed shed from the parent plant, as in all palaeozoic seeds.

/
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Fig. 2.4 Seeds of Lyginopteridaceae, (A-L from LowerCarboniferous; M:...Sfrom Upper carboniferous) .
A,Sphaerostoma ovule, l.s. seed in cupule (B, C, D, stages in development-of the nucellar cap). E, Calathospermum
scoticum, cupule cut in half to show stalked seeds inside. F, Salpingostoma dasu, l.s. G, Genomosperma kidstonii,
reconstruction to show free .integument-lobes. H; Stamnostoma huttonense, l.s. showing part of cupule-lobes. I,
Hydrasperma tenuis, l.s. J, K, Lyrasperma scotica, I.s. seed In planes at right angles. L, Camptosperma berniciense, .l.s.
showing campylotropous shape. L, Camptosperma berniciense, I.s. showing campylotopous shape.M, Gnetopsis
elliptica; l.s, cupule with 'two. seeds, partly hypothetical (N, I.s. micropylar region), 0, Lagenostoma lomaxii,
reconstruction of seed in cupule(P, 1.5.of seed and cupule), Q, Physostoma elegans, l.s, R, Tyliosperma orbiculatum,
reconstruction of seed, showing fleshy cupule-Iobes. S, Conostoma anglo-germanicum, I.s. micropylar region.

n,micropyle; 2, integument-lobes; 3, cupule; 4, central plug; 5, pollen-chamber; 6, archegonium; 7, megaspore-wall; 8,
female prothallus; 9,' integumentary vascular supply; 10, Iine of circumscissile dehiscence; 11, wall of'pollen-chamber;
12, pollen-grains; 13, salpinx; 14; level at which integument-lobes. become free from each other; 15, wing-like flange of
integument; 16, papilla, or tent-pole; 17, plinth; 18, barrel-shaped lagenostome). .
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InSphaer.ostoma each cupulecontainedjust one seed andthis was presumably true of many
lower carboniferous pteridosperms. Cupule oiCalathospermum scoticum was rather tulip-flower:
shaped and contained as many as 70 stalked seeds' (Fig. 2.4E). Nine tentacle like lobes were formed
from the integument. In Salpingostoma dasu each seed contained six tentacles formed from
integument. In addition, extending beyond the lagenostome, a trumpet-shaped extension (salpinx)
waspresent (Fig; 2.4F). The free lobes (8-10) of integ urnentin Hydrasperma tenuis were diverging
type: The pollen chamber of Salpingostoma seeds contained a central plug oftissue extending up
into it. The integument of Genomosperma seed was free from thenucellus right to the chalazal end
of the seed. The seeds of Lyrasperma and Eosperma are platyspermic. Campylotropous ovules are
present in Camptosperma. The cupule of Stamnostoma consisted of simple cylindrical axes that
branched and folded round the seeds. The integument of Eurystoma Qngularehad four lobes and
the seed was quadrangular.

Lagenostoma was an upper carboniferous seed genus .. The seed was enveloped by its own
cupule. Another seed genus of the same age, Gnetopsis contained more than one seed was invested
by one cupule. The 'salpinx' was absent in these seeds and pollen chambers were barrel shaped
without central plug of tissue (Fig. 2.4M).

Lagenostoma lomaxii seed was about 5.5 x 4.25 mm in size and borne insidecupule. The
. integument was fused with the nucellus except .at the apex. It did not form any free lobes around

the micropyle, at the apex of the seed. Nine vascular bundle were observed extending in the
integument. The lagenostome was bottle-shaped with a central plug (Fig. 2.4 P). In well preserved .
specimens, prothallus containing archegonia and a well -marked tent-pole were described.

Physostoma seeds had ten integument lobes and covered by large .club-shaped epidermal
hairs. Another upper carboniferous seed Tyliosperma shows an inter.esting feature that the cupule
which was divided to the base into 7-8 fleshy lobes.

.. It would seem, from the aforesaid information, that there may well have been two quite
different kinds of cupule among the Lyginopteridaceae. Radially symmetrical ones that could have

s , resulted from the phylogenetic fusion of a number of separate lobes, while bilaterally symmetrical
ones from the folding round of the ultimate segments of the frond. So also in the case of
integument, some regarded it as apart of the frond wrapped round the seed and others regarded it as
having formed by the fusion ofa number of branch tips.

E.Pollen-bearing organs:

It is felt that no pollen bearing organs have been found in organic connection with steins or
seeds of Lyginopteridaceae and not a single species can yet be said completely known. However,
circumstantial evidence strongly supports the belief that Telangium, Schutzia, Aclcicornopteris,
Diplotheca, and Crossotheca all represent such pollen bearing organs. These were much more
uniform than their seeds. All 'of them have- similar arrangement (synangium) of sporangia (Fig.
2.5) .. Telangium affinae is found with Sphenopteris affinis and it is believed that they belonged to
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Tetrastichia stems. Telangiwnconsisted of a group of 6~8'e16ngatedbilocular sporangia united
near the base into a synangial disc. There wereupto 25 sporangia in Tbifidum (Fig. 2.5 B-C).

, Similar synangial discs borne ona slender rachis, with wide-angled forkings attached in the main
angle of the forked frondwere present in Diplopteridium (Fig. 2,sA). Schuetzia had pedicellate
companulate synangia 'arranged spirally on a fertile axis (Fig. 2.5H). Thenumber of sporangia in
eachsynangium is difficult to determine in it. Alcicornopteris had about 15 sporangia attached to a

•pdtateciisc and' in Diplotheca, synangial disc bore ten sporangia united in pairs at the base.
Crossotheca which is believed to be the pollen-bearing organ of the plant, Lyginopteris oldhamia,
contained a number of boot-shaped bilocular sporangia arranged radially on the underside of the
disc- (Fig. 2.5E-F). These discs were borne terminally on the segments of fertile frond (Fig. 2.5G)
and look like minute hair brushes.

~
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Fig. 2.5 Pollen-bearing organs of Carboniferous pteridosperms
(A-I, Lyginopteridaceae; K-Q, Medullosaceae; J, possible ancestor) ,

A, Diptopteridium teilianum, B, C, Telangium bifidum, D, Telangium affine, E, F, Crossotheca
hoeninghausii; G, Crossotheca sp.H, Schuetzia sp. I, Alcicornopteris,J, Yarravia oblonga, a member of
the Psilophytales, from the Upper Silurian/Lower Devonian, K, Whittleseya elegans. L, Codonotheca
caduca, M, N, Aulacotheca elongata. 0, Dolerotheca formosa. P, Goldenbergia glomerata, Q, Boulavo

fertilis, R, Potoniea adiantiformis.', , ' '. ' ,
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The characteristic features of other families ofPteridospermales are given her~unde~:'
..: ,~.

2.5 ,SALIENT FEATURES

(A) Medullosaceae
/', "

i)

ii)
iii)
iv)
v)

vi)
"vii)

Medullosaceae members occurred between Upper Carboniferous and Pernian periods" of
, , ,

palaeozoic era. "
" Stems and seeds were large and massive than Lyginopteridaceae.

Stems.were polystelic. Some contained more than forty steles in their stems,
Each stele had its own cambium that produce secondary wood.
Medullosa and Sutcliffia are the examples of stem-genera. 'Sutcliffia stem contained a single
large stele with exarch protoxylem. A ring of manoxylicsecondary wood, is present around
the main stele. " The petiole traces contain concentric cylinder of secondary wood:'
Medullosa stem contained varied number of steles in different species. In advanced forms,
secondary wood is absent in the leaf trace bundles. In some sternspecies of Medullosa, the
steles expanded trangentially and fused to form a ring of primary' wood surrounded on either
sides by'a ring of secondary wood. " "
Pachytesta and Stephanospermum are the seed genera of medullosace.
The pollen-bearing organs are described as Whittleseya; Aulacotheca, Boulaya and
Dolerotheca. The sporangia are found to be fused side-by-side to constitute a wine-glass ,
like structure in Whittleseya, ari half-orange like structure in polerothecaand a club-shaped

, . structure in Aulacotheca. " .
, i ",;'

(B) Calamopityaceae [General characters]

1. It containsthree manoxylic stem genera (Calamopitys, Diich~ia andSienomyelon).
2. Stenomyelon: stem contained a solid proto stele with exarch protoxylem. . 'Calamopytts stem

contained a mixed pith, round which a ring of mesarch strands present. Diichnia stem had a
five angled mixed pith with a single mesarchprotoxylem strand in each arm.

, 3. ,Secondary wood contained tracheidswith multi-seriate pits on radial walls and wood rays that.
, ranged from 1-6 cells in width. ' . , .;,

4. 'Sparganum' cortex was observed in stems.
5. Petioles contained a large number of traces thatarranged in a ring and described by the generic

name Kalymma.
6. No reproductive organs or leaves have been found in association with stems and petiole .

. "

2.6 GLOSSOPTERIDACEAE AND MESOZOIC PTERIDdSPERMALES'
, ,

This group consisted of three families', viz., Glossopteridaceae;' Peltaspermaceae and'
'Corystospermaceae, the general features of which are described here.
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(A) Glossopterldaceae

Australia .South. Africa, South.' America, Antarctica and the Indian Peninsula .together
" . . .... ;., -'" . -' .', .' :. '. .... ':. " .

constitute the supposed continent of "Gondwana land" ,separated by the Tethys Sea from-other
continents of North em hemisphere. A peculiar and completely different flora had come to occupy
the Gondwana land, by Upper Carboniferous and Lower Permian times~ . This flora isoften called
the Glossopteris flora because of the widespread occurrence of the leaves known as Glossopteris.
These weretongue shaped, as 'the name suggests and their. venation Was reticulate,withprominent
midribIf'ig. 2.~B).

Over aperiod of hundred' years about 50 species of Glossopteris leaves, and the cuticular'
details of these have been studied. This led to the splitting of Glossopteris into three genera viz.,
Gangamopteris, Palaeovittaria and Rhabdotaenia. ..

Gangamopteris lacked the prominent midrib, Palaeovittariqhad a midrib in the proximal
half of the leaf, but none in the distal half and there was no anastomosis .ofIateral veins. Leaves of
Rhabdotaenia had a strong midrib and forked lateral veins, between.which anastomosis was
extremely rare ..'

The anatomy of -Glossopteris leaf was worked out by Pant (1958). The leaves had
haplochielic stomata,' sunken and irregularly dispersed between. veins. Both. palysade and spongy.
parenchyma were present in the mesophyll. The midrib showed many longitudinally extended
veins. that may either separate or .fused. The tracheidsrof the veins contained scalariform,
thickenings and rarely bordered pits.

The probable plant that bore Glossopterisleaves has long been a matter of debate, Pant
(l977}and Gould and Delevoryas (1977) reconstructed the plantas a large tree having trunk of 6 m
hight. (Fig; 2.6A}, . .

Verterbraia is the name given. to some peculiar axes that are commonlyassociated with
Glossopteris leaves. These axes had the xylem tissue that inturn had a number of'vertical radiating
flanges separated by very broad parenchymatous rays that were interrupted at' regular intervals by
horizontal plates of xylem. The pitting of tracheids was more like that of coniferopsida members.
These axes were treated as root. .

Several male, female and bisexual fructifications have been reported. Reproductive
structures attached to the leaves. of Glossopteridaceae have been described that were in the form of
compressions whose internal structure is not preserved.
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Fig.2.6 A, Reconstruction of Glossopteris; B, A leaf of Glossopteris; C, A fertile leaf of Eretmonia;
D, Ovules of Denkania indica developing in a row on the.adaxial surface of leaf.

The male fructifications are described by- the generic names viz., Eretmonia, Glossotheca
and Nesowalesia, Eretmonia consists of a stalked lamina triangular in outline. On the upper half of
lamina are borne two branches which bear whorls of purse shaped sporangia (Fig. 2.6C).
Glossotheca is basically similar to. Eretmonia except that it contains more rsporangia-bearing
pedicels' ,
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Female fructifications are included in form genera like Ottokaria and Denkania, whose
structural details could not be confirmed. Denkania shows (Fig. 2.6D) a large number of long
stalks (pedicels) attached tothe adaxial surface of the midrib of Glossopteris-like leaf. These stalks
carry uniovulate cupules at theirends.

The significance of· Glossopteridaceae is not yet fully understood. Plumstead (1958)
suggested that they may have been the ancestors of floweringplants -. But Thomas (1958)~oncluded
thatthis form of leaf may well have evolved by parallel or even convergent evolution.

(B) Peltaspermaceae

This family was established in 1933 by Thomas (1933). He-reported some specimens of
Triassic (Mesozoic era) age from Natal and proposedthis.family. Later, the similar specimens have
been described by others from Sweden, Greenland, Argentina, Australia and China. Fronds
(Lepidopterisi, seed-bearing organs (Peltaspermumi and. pollen-bearing organs (Antevsia) have
been reported in this family.

Lepidopteris consisted of fronds with lanceolatepinnules borne on 30 em long bipinnate or
tripinnate unforked rachis. The ultimate pinnules had a prominent midrib and forking secondary
veil1s. Stomata occurred on both surfaces ofpinnules, sunken and surround by 5-6 radially arranged
subsidiary cells. The rachis had a very uneven surface because of raised lumps or blisters. The
occurrence of similarblisters.on the axes of reproductive axes support that they belonged to one and
the same plant .

Antevsia, the pollen bearing organs were bipinnate bodies with alternate primary branching.
The ultimate branches possessed 10-12 pollen sacs. of 2 mm long. Pollen. sacs contained unwinged
pollen grains.

Peltaspermum, the seed bearing organs were present on .leaves, There are several stalked
peltate heads each with two seeds. The integument is free. from nucellus in the seeds.
Peltaspermaceae representsprobably a link between primitive ferns and angiosperms.

(C)Corystospermaceae

This family was also created by Thomas (1933) to accommodate some frond. genera
(Dicroidium,Xy!opteris), seed-bearing organs (Unkomasia) and pollen bearing organs iPteruchusi,
of Triassic age (Mesozoic era). . .

Dicroidium and Xylopteris fronds had forked rachis near the base as in many palaeozoic
pteridosperrns. The rachis was once pinnateinD. odontopteroides and about 10 em long, where as
it wasbipinnate in D. feistmantelii which was about 100 em long. Xylopteris had narrow linear
pinnules, eachwith single unbranhced vein. .
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The pollen-bearing organs (Pteruchus) had a central axis withshort lateral branches. At the tip
-ef.each branch was presenta.peltate head bearing upto 30 sporangia. .

Umkontasia, the seed bearing .organ was a pinnate structure, contained number of branches
that bear terminally single helmet shaped cupules. The cupules were split into two halves. A long
bifid micropyle was present in seeds;

2.7 SUMMARY

A large and diverse assemblage of fossil plants known as the Pteridospermalesor seed-ferns or
Cycadofilicalesaredescribed in this lesson. They were in existence during Palaeozoic era and
extended to the Mesozoic era. The Pteridosperms possessed fern-like foliage and seeds. The
pteridosperms have not been preserved as intact fossils and the various parts have been described
under different form-genera. This ordercontained six families out of which four confined to
Palaeozoic era and two to the Mesozoic era. The characteristic features of these families, along
with the description of fronds,pollen bearing organs and seed bearing organs have been presented
in this lesson. . , ' ,

,2.8 KEY TERMS

Fossil: Anything which gives evidence that an organism once existed at sometime in thepast.

Medullation: Formation ofa parenchymatous pith inthestem.

Pinnate leaf: A compound leaf with leaflets (pinnules) arranged in two ranks on opposite sides of
the rachis:

.•.

Polystely: A'condition ofan axis which ishavinga number of independent steles.:

Primary wood: The xylem that is formed from a procambium and present in a primary vascular'
strand. It consists of protoxylemand metaxylem.

Protostelee Most simple and primitive form of stele consisting of a solid mass of xylem
surrounded bya ring of phloem.

Proximal: Situated towards the point of attachment

Seed-fern: A plantwithfern-like,foliageand"possessed seeds.
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- 2.9 MODEL QUESTIONS

1. Write an account on the Lyginopteridaceae,

2. Describe the stem genera of Palaeozoic pteridospermales,
. . .

3. Give a.detailed account onMesozoic pteridospermales .

.4. Explain the salient features of Pteridospermales.

5. Give an account on Glossopteridaceae .
. ;

'.
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C A YT ON I ALE S

3.0 ~I~.
The salient features of Caytoniales are presented in this lesson.

3.1 INTRODUCTION ..
3.2 CAYTONIALES: CAYTONIACEAE
3.2.1 Leaves
3.2.2 Seed-bearing organs
3.2.3 Pollen-bearing organs
3.3 SUMMARY·
3.4 KEY TERMS
3.5 MODEL QUESTIONS
3.6 REFERENCE BOOKS

3.1 INTRODUCTION

Few fossils have created such a stir among morphologists as did the Caytoniales when they
were first discovered. They are considered controversial and highly interesting group of plants
which because of their supposed affinity with angiosperms, attracted the attention Ofbotanists. The
fossil form-genera that have been found in rocks ranging from the Upper Triassic to the .Lower

" Cretaceous were assigned to a family (Caytoniaceae) in the order Pteridospermales. But in some
, . classificatory systems this family was elevated to an order called caytoniales.

3.2 C~ YTONI~LES : C~ YTONI~CEAE

3.2.1 Leaves

Sagenopteris is the name given to avery characteristic typeof leaf which has been known
since 1828. The leaves known for over a century are scattered geographically and stratigraphically
from Upper Triassic to Lower Cretaceous rocks. They had a slender petiole and typically four
terminal leaflets arranged in two pairs (Fig. 3.1A). The leaflets are lanceolate and palmately
compound. Each leaflet had a prominent midrib and reticulate venation (Fig. 3.1B). The lateral
a~ched forking veins formed anastomosing system like that of Glossopteris. Haplocheilic stomata
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were scattered on the lower surface. Harris (1951) has pointed out the curious fact that the leaf as'
well as leaflets shed bymeansofanabsciss-Iayerwhichis an angiospermic.feature .. The leaves of
Sagenopteris have beencompared to angiosperms by Thomas (1925) on the basis of epidermal

- structure. Harris (1951) .also compared them with dicotyledonary leaves by referring to the
formation of abscission layer during the shedding of the leaves.

Fig. 3.1 Caytoniaceae. A. Sagenopteris phillipsii, leaf with four leaflets. B, S. colpodes, showing reticulate
venation of leaflet, C, Caytonia nathorstii, fruiting rachis, from which the lower 'fruits' have been shed. D,
C. sewardii, external appearance of. 'fruit'. E,' Caytonia "fruit' in l.s., as interpreted y Harris, F. G.
Caytonanthus arberi, restoration of synangia, cut across so as to show.the loculi (F, before and G,after
dehiscence). H, Caytonanthus arberi, male sporophyll.j'I, flange, or Iip,Of 'fruit') ,

.Till 1925; hardly anything is known of the plant which bore Sagenopteris leaves -. Even now
also, there is a fragmentaryinformation about the stem except for a tiny branched twig bearing the
characteristic bud scales of Sagenopterisphillipsii. It showsa single scar with aC-shaped trace. It
brings home one point 'that-the stem was not thick and atleast we know that leaves were not borne
directly onthetreetrunk as found in cycads and tree ferns.' , .

Thomas (1925) described the reproductive organs (male & female) from the Mid-Jurassic
rocks of Yorkshire and Edwards (1929) described some seed-bearing organs from Sardinia. Later,
Harris (1933) described both types of reproductive structures from Lower Jurassic rocks of
Greenland. .

- I

I



IACHARY A NAGARJUNA .UNIVERSITY -3- . CENTRE.FOR DISTANCE EDUCATION{

3.2.2 Seed-bearing organs .

Caytonia is the name given to seed-beanng organs •.' It consists of an axis which is about 5
em long cfud stronglydorsiventral.. The rachis bears two rows of stalks on Which borne fruit-like
bodies or ovule' containingcupules (Fig. 3.1C); The seeds were almost completely 'enclosed within
them. Each fruit-like body or cupule is a small, sac-like structure, with a conspicuous outgrowth (lip
or flange) situated near thestalk(Fig. 3.1D). In between the lip and stalk isa minute openingor
mouth. The lip or flange bears aboutthe same number of ridges as there were seeds inside. Three
species have been described in Caytonia viz., C Sewardii,CNothorstii and' C Thomasii, which .
differ illthe number of seeds in the fruit-like bodies.

InC. Sewardii there were eight seeds in each fruit ilia single arched row, in C. Nothorstii
about fifteen, and inC. Thomasii about thirty in a double row. Thomas (1925) reported the
presence of pollen grains on the lip ofC Nothorstii .: He ,believed that this part (flange) to be

. functioning as stigma as in angiosperms. But it .is now known that pollen grains reached the
micropyle of the seeds. Harris, (i951) interprets the fruit (Fig. 3.1E)as having had a separate
channel leading fromflange.toeach seed. He supposes that there: was a drop 'mechanism' as in
many living gymnosperms, the .pollen grains trapped in the drop, floating and reach through
channels tothe seeds.

Each seed, about 2 x 1 mm, is flattened.. oval in shape and unitegmic. .The integument is
free from the nucellus. The nucellus was covered by a thick cuticle. The seeds lack a micropylar
beak which is so prominent in Peltaspermaceae and Corystospermaceae. There is no trace of any

. vascular bundle in the integument.

3.2.3 POllen-bearing organs.

These were described under the name Caytonanthus. This is an unusual structure. Thomas
and Harris has made it clear that in structure, Caytonanthus was quite unlike any other
microsporophyll. There was a dorsiventral rachis (the upper and lower epidermis differing from
each other) bearing opposite, sub-opposite pinnae (Fig.3.! H). The pinnae branched irregularly and
each terminal branch let bore a single synangium. Each synangium is pendent, tubular and
quadrilocular(Fig. 3.1 F). The four pollen sacs or sporangia on dehiscence separate out except at
the tip thus releasing the pollen grains (Fig. 3.1 G). The pollen of Cayton anthus aresmall.nearly
25-35 11m, bisaccate (winged) with an elongated terminal aperture. The surface of pollen grain is
smooth with irregular pits. The sporoderm is two layered; the inner lamellate and outer alveolate.
SEM and TEM studies on pollen revealed their distinction from the angiosperms.

Caytoniawhen first described in 1925 by Thomas, was compared with the angiosperms. It
was considered as the Jurassic representative of the angiosperms and Thomas believed that the
family provided important clues to the origin of angiosperms .. He believed the fruit to be a carpel,
the lip (flange) to be a stigma and compared the synangium to the stamen. Caytonia was
interpreted as showing an early stage in the evolution of the carpel. .Besides this, the reticulate
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venation of leaves, formation of abscission layer, presence of bud scales and microsporophyll
, bearing tetralocular synangia were considered-characters closer to angiospermous group.

, ,

However, it is clear now that Caytonia is still at the level of a gymnosperm, Some of the
gymnospermous characters which are strongly non-angiospermic are: '

.i) Radial symmetry of the male fructification, lack of filament and connective tissue in
'Caytonanthus.

ii). Winged pollen grains.
.iii) Absence of blind vein end in leaf, and
iv) Pollen germinate inside the micropyleandat the tip of the nucellus.

These characteristic features of Caytoniaceae prompted Harris (1933)to classify them with
'Gymnosperms. The decisions as to its phylogenetic relationship should be withheld, until we know
, more about this group.

3.3 SUMMARY

, A detailed description' of the order Caytoniales, - an interesting group of mesozoic
pteridopserms is made here. Leaves, seed-bearing organs and pollen-bearing organs are described
under different form-genera namely Sagenopteris, Caytonia and Caytonanthus. They possessed
characters having supposed resemblance with angiosperms, which created lot of interest among
botanists: Caytoniales are still at the level of G~mnosperms and their correct phylogenetic
relationship is yet debatable.

3.4 KEYWORDS

Abscission layer: Layer of cells present at the ba e of leaf-stalk' in angiosperms,' in conriection
with leaf shedding.

Haplocbeilic stomata: Stomata in which thesubsi iarycells and guard cells arenot originating
from the 'same initials. . , ,

Orthotropous ovule: Ovule in which the micropyle "s in a straight line with the funicle.

.. ' ..

Synangium: -A compound structure which is formed from th~ fusion of sporangia,

Tetralocular.. A synangium with four compartments'
, "

. '}t /'
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3.5 MODEL QUESTIONS

1. What are Carlytoniales? Describe their leaves and reproductive organs .
." .. .

2. Give a detailed account on resemblances of caytoniales with angiosperms.

3. Write short answers
A. Caytonanthus
B. Sagenopteris
C. Caytonia

3.6 REFERl!:NCE .BOOKS

.1. Bhatnagar, S,P. and Alok Moitra, 1996. Gymnosperms. New Age Intern: (P)Ltd., PubL, New
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4.2.3 Malefructification
4.2.4 Female fructification
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4.5.3 with Angiosperms
4.6 SUMMARY
4.7 MODEL QUESTIONS
4.8 REFERENCE BOOKS

4.1 ,INTRODUCTION

Bennettitales or -Cycadeoidales are .an important group of fossil gymnosperms which
.resemble cycadales in leaf form, structure and venation .. However, they can be distinguished from
cycadales in having syndetocheilic stomata instead of haplochelicstomata as in cycads. They co-
existed with.cycadales during rr•esozcic era from jurassic to, cretaceous period hence .this peri od was
designated asthe 'age of the cycads'. .

28
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·4.1.1 General features

The general characteristic =v= of the order Benettitales are:

a) plants with either columnar (Williamsoniceaeae or Wielandiellaceae) trunks of nearly 2 m
height or short tuberous branched or unbranched, spherical, conical or irregulartrunk upto 50
em in diameterIf'ycadeoidaceae) .. The surface of the trunks is covered with rhomboidal leaf
,bases with or without hairs in between with a crown of ,pinnately compound leaves present at
the apex.

, .
b) Stems .are stout orslender forking.bearing large compound (rarely simple) .leaves with parallel

venation and syndetocheilic stomata. .

c) .The reproductive structures are either uni or bisexual cones or flowers protected bymany bracts.
The receptacle is either cylindrical or dome-shaped having numerous stalked or sessile ovules,
interspersed with interseminal scales with 'their distal ends fused to form, a shield through which
micropyles protrude. The microsporophylls are arranged in whorls, free or united, pinnate or
entire with numerous microsporangia usually fused in a synangium: or capsules. Pollen, grains
are monocolpate and the embryo is dicotyledonous.

The order Bennettitales has been divided into three families viz., (i) Williarnsoniaceae, (Ii)
Weilandiellaceae, (iii) Cycadeoidaceae. However some authors preferto merge Wielandiellaceae
into Williamsoniaceae. '

4.2 WILLIAMSONIACEAE

The genus Williamsonia was first described by Willarnson in 1870, as W gigas from
Jurassic of Yorkshire. Although it was first placed under cycads, the presence of flower-like
fructifications made it possible to be grouped under Bennettitales or cycadeoidales. In India, five
species were discovered from Rajmahal hills in Bihar they being, W indica,' W microps, W sahnii,
W santalensis and W. sewardiana. They differ from cycadeoidaceae members in having slender,
taller, considerably branched (W sewardiana)or unbranched (w. gigas) stems.

The plant W sewardiana (Fig. 4.1) was the first reconstruction of a' fossil from India by
Sahni (1932) from the Jurassic material collected from Rajmahal Hills, It consists of a 'columnar
stem iBucklandia indica) about 2 m long with prominent spirally arranged rhomboidal leaf bases
anda crown ofunipinnately compound leaves (Ptilophyllum ciachensey. The plant appears to be a
miniature cycas.,_ ,_ .
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Fig. 4.1 Williamsonia sewardiana; B, C, Weltrichia spectabilis; D, W whitbiensis; E, W santalensis, F,
Williamsonia harrisiana (is, interserninal hairs; msp, microsporophyll;ov, ovule; r, receptacle). A.
Reconstruction of the plant. B, D and E. Reconstruction of male fructification (B, D) and microsporophyll
(E). C. Microsporophyll with attached synangia .. F. LS female cone showing position of receptacle, ovules\
and interseminal hairs, CA,after Salmi, 1932; B, after Thomas, 1913; D, after Nathorst, 1911, B, D redrawn .
fromAndrews, 1961; C, redrawn from Stewart, 1983; E, afterSitholey & Bose, 1953; F, after Bose, 1968,
redrawn from Stewart, 1983).

4.2.1 Stem

. Stem's are simple or monopodially or dichotomously branched. The stem shows a rough and
wavy outline due to the p.resence of numerous leaf bases. The shape, size and arrangement of leaf .
bases are of. taxonomic importance for the stem genus Bucklandia. Two types of branches have
been described: i) the sterileor vegetative shoots, and the ii) fertile shoots which terminate in a
flower or cone. Only pinnately foliate leaves are present on lateral shoots. The main shoot bears in
addition, small scale like pointed leaves. The lateral shoots show a prominent constriction at the
base. 'It i,~~resulned that they get detached and serve as a means for vegetative propagation.

. .

o ,.' 'Anatomically the stem .shows a narrow pith with a wide parenchymatous cortex. Secretory
ducts are present both in the cortex and the pith. Conjoint, collateral and endarch vascular bundles
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are embedded in pith. A distinct cambium is present. The secondary wood is monoxylic and
consists of scaleriform tracheids with boardered pits. Medullary rays are uni, bi or triseriate.
Numerous leaf traces are present. Williamsonia differs fromCycas in the absence of girdling leaf
traces.

4.2.2 Leaves

The leaves belong to the type genera 'Pterophyllum, Ptilophyllum, Dictyozamites and
Otozarnites. Pterophyllum, the most common leaf form is characterised by long slender pinnae with
parallel margins attached to the rachis by full width of its base. Pinnae exhibit parallel venation
(rarely dichotomous). Ptilophyllumis similar to Pterophyllum except for the difference that the
pinnae are sickle-shaped and are attached to the adaxial surface of the rachis. The broad bases of
pinnae almost cover the entire' upper surface of the rachis., In otozamites the pinnule bases are
lobed and they are attached to the adaxial side of the rachis. Veins are spreading. Dictyozamjtes is
like ~tozamites except that the pinnae have broad bases and reticulate venation. The leaves of
Williamsoniaceae show syndetocheilic stomata with rachis having coi.ateral, endarch bundles
arranged in a double U manner (Sharma, 1991").,

4.2.3 Male Fructification

The male fructifications were referred under the genus Weltrichia which is represented by
, several species. Actually, they are never found in connection with the plant. Some authors grouped
them under the genus Williamsonia. The microsporophylls are arranged in a whorl and fused at the
base to form a cup-like structure. According to Sharma (1991) nearly 20 twisted microsporophylls
alternate with similar number of bracts. The, shape of the microsporophylls may vary from species
to species (Fig. 4.1' B & D). In Neltrichia companulatiformis, the receptacle is bell-shaped, bearing
broken microsporophylls. In W: spectabilis (Fig.4.1), the male cones ineasure 9 ems in diameter in
the centre and 3 em in the region of the basal cup. The microsporophylls extend out horizontally
and then bend upward. They bear numerous minute appendages on the inner surface, each bearing
two rows of synangia. W whitibiensis (Fig. 4.1 C & D) shows sessile male cones and total absence
of appendages on the inner surface of microsporophyas. The microsporophylls are forked or bifid
in W santalensis with one portion sterile and the other fertile (Fig. 4.1C). The fertile part bears
fingure-like synangia. Each synangium contains two rows of chambers enclosing micro sporangia.
the pollen grains are monocolpate (Harris, 1969).

4.2.4 The Female fructification

The plants of Williamsonia were found to be dioecious. Seed bearing organs were described
under different genera (Fig. 4.1 E & F). Lateral shoots with cones arise from the axil of a leaf.
these shoots bear both scales and, foliage, leaves and a terminal cone. In W scwardiana, W
harrisiana and W. gigas, the female' cones are made up of a well developed central, conical
receptacle bearing, stalked ovules interspersed with interserninal scales in a spiral fa~hion.
Interseminal scales are fleshy, club-shaped with stomata on their distal exposed surfaces, Each scale
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is traversed by a single vascular trace. The cone is covered by perianth like bracts with scales at
their base and hairs above. The tip of central conical receptacle is anked.Each orthotropous ovule
consists of a short stalk through which it is attached to the receptacle. the nucellus is fused with the
single vascularized integument (non-vascularized according to Shari:na) except at the tip where it is '
prolonged beyond the surface layer formed by the enlarged tips of the interseminal scales. The tip
of the nucellus extends to form nucellar beak and pollen chamber. The micropyles project through
small openings formed by dotting of interseminal scales. The micropylar canal in young ovules of '
Williamsonia is long and narrow and is lined with large thin walled cells. As the ovule matures, the
canal becomes wide because of the formation of the nucellar plug and disappearance of transversely
oriented interlocking cells. Sharma (1979.) has observed 2, 3 or even more archegonia ina ring in
the apical part of the endosperm in the ovules of Williamsonia.' Cellular endosperm and
dicotyledonous embryos are reported from some nucellar cavities. , ,, ~,-

Harris (1932) i~uded female cones studied from Greenland in the form genus ~enetticarpus
instead of Williamsonia. Westershemia and Vardekloeftia are some other reproductive
fructifications of the family Williamsoniaceae.

The mature seeds of Williamsonia are stalked, dicotyledonous and endospermic. The seed
coat is differentiated intothree zones viz, the outermost zone composed of tubular cells, the middle,
zone of parenchymatous cells and the innermost parenchymatous and vascularized zone.

. The reproductive fructifications of Williamsoniaceae so far studied are unisexual. The only
reports of bisexual flowers are Sturiella laugeri by Krausel (1948) from Triassic, of Lun, Australia"
and that of Amarjolea dactylota
(Benerjee, 1991 and Sharma, 1.991). In
Sturiella, the' club-shaped 'receptacle
consists of 25-30 radiating ray-like lobes
with central ovuliferous structures and
microsporophylls around the lobes.
Amerjolea resembles Williamsonia, but it
is bisexual (as in cycadeoidea) because of
the presence of microsporophylls. Since
Amarjolea is associated with columnar
stems, it is, placed along with
Williamsonia and is separated from
Cycadoidea (Fig. 4.2).

.C
A

msp

Fig~4.2 A, Williamsoniella; B, C, W coronata (br, bract; ms, microsporangium; msp, microsporophylls; r,
receptacle). A. Reconstruction of a part of the plant. B. LS bisexual cone showing two microsporophylls
and central receptacle bearing seeds (solid black) and interseminal scales (pin heads) surrounded by hairy
brac~s. C. Embedded microsporangia in a microsporophyll. (A, C, redrawn from Stewart, 1983; B, after
Hams, 1944; redrawn from Andrews, 1961).
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4.3. WIELLANDIELLACEAE

This family includes two genera namely Williamsoniella (recovered" from Jurassic of
Yorkshire by Thomas, 1915) and Wielandiella from Rhaetic of Scania in Sweden by Nathorst,
1911.

.4.3.1 Williamsoniella

This genus consists of four species, of which W coronata is best studied. It consists ofa
long trunk upto 1.5 m, dichotomously branched or pseudodichotomously branched.bearing simple,
entire,' petiolate and linear: lanceolate leaves. Leaves are 20 cm long and 2 em wide with a
prominent midrib and parallel venation (Fig. 4.2A). The leaves are placed under the form genus
Nilssoniopteris. The stem .consists of a large parenchymatous cortex with a comparatively much
smaller pith. the primary xylem is endarch with tracheidsshowingcircular boardered pits on radial
walls. Medullary rays in secondary wood are uni, bi or triseriate. Many leaf traces could be seen.

The bisporangiate flower is present at the tip of a peduncle which itself arises in the axil of a
leaf. Later two branches arise from below giving the appearance of a false or a pseudodichotomy .

. Arising from the base of each flower are several, hairy, sterile perianth lobes which enclose the
reproductive' structures. On the columnar .receptacle, the' pollen bearing region is below the
ovuliferous zone. Attached to the base of receptacle or central column are a whorl of 12-14
microsporophylls which are independent of each' other (Fig. 4.2). Each microsporophyll is a fleshy
structure being made up of parenchymatous tissue and appears like the segments of an orange fruit.
A finger like out growth arising from the middle of themicrosporophyll.encloses two synangia or

. pollen capsules (Fig, 4.2 B & C). The term capsule has been preferred to synangiurn because the
. latter would imply that it evolved asa result of fusion of Separate, sporangia. Each capsule contains
many sporangia. which in turn containmonocolpate pollen grains. The pollen capsules split
longitudinally and dehisce pollen grains, following this the .microsporophylls are shed.

In the same flower just above the microsporophyllsis the ovulate receptacle. The ovulate '
columnar column is about 10 ern long, tapering towards a sterile and naked tip. The column bears
about 300 ovules and 1200 interseminal scales in a spiral manner. The interseminal scale have a
thin stockand bulbous tip. The integument is free fromthe hucellus.

4.3.2 Wielandiella
i i .f

, .

This second genus of the family Wielandiellaceae, W. augustifolea resembles the first in
showing false dichotomy of stems. However, they differ in being more slender (Fig. 4.3) and
herbaceous measuring upto J.5 em in diameter. The leaves are placed under the form genus
Anamozamites minor are unipinnately compound 8 em long with a widened petiole and tend to
concentrate in the region of the bifurcation (Fig. 4.3). Anatomical details are unknown as they are
recovered as compressions.---
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. ..
The basic pattern of flowers also appears to be similar in being bisporangiate and having a

club-shaped receptacle bearing numerous ovules and interseminal scales, perianth like leaves and .
microsporophylls, The tip region of the' central column appears to be sterile. The ovules show the
typical nucellus which is free from the integuments except at the base. The integument' extends to
form a well developedmicropylar canaL There is not much information on the microsporangiate
organs because of poor preservation. .

. k

~~...~NI/>~tp~.\jJ~.f~ ..
.~~t~~t~tft~l~.:'r-~" ~-iV' ~f. ~ ..., _~\! d \,

'~. :'.', '. . "\ \\
~~~C\1I'~'/'Yl-~jt.

"-: ~. , ';7../~'('V.
. Fig. 4.3 Wielandiella angustifolia. Reconstruction of a part of.the plant

. (redrawn from Andrews, 1966)

. '
.4.4 CYCADEOIDACEAE

This is the third family .of the
order Bennettitales and contains a single
genus Cycadeoidea (FigA.4) .

. Fig. 4.4 Cycadeoidea. Reconstruction of the
plant (after Delevoryas, 1971; redrawn from

Stewart, 1983)
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4.4.1 Cycadeoidea

This genus exists in upper Jurassic to upper Cretaceous comprising of about 30 species. The
major species are recovered as petrified trunks from America and a few from Europe and India.
The Cycadeoidean members have ovoid or short columnar· trunks which are unbranched or
apparently branched. The trunks are massive not more than 1 m in length and about 60 cm in
diameter. The surface of the stem is covered with prominent rhomboidal leaf bases and
multicellular hairs in between them. These short, stout trunks are much different from members of
the first two families (DeIevoryas, 1971).

Anatomical study of trunk shows large parenchymatous pith (Fig. 4.5A) surrounded by a
.thin zone of primary wood with end arch proto xylem and secondary wood with scaleriform tracheids
(circular boardered pits on radial walls)and small wide rays. The wood is thus typically manoxylic.
The' rays may be entirely uniseriate or biseriate (in part) and extend upto the phloem. The
parenchymatous cortex is interspersed with gum canals (also present in pith) and leaf traces. The
leaf traces are single and C-shaped at the point of origin but as they' pass through the cortex they
divide into several mesarch units and get arranged in a horse-shoe shaped manner. They enter the
leaf without circling around the stem i.e. there are no girdling leaf traces.

4.4.2 Leaves

, The mature leaves are not found attached to the trunks. However, it is assumed on good
evidence that leaves were borne in a crown at the 'apex of the trunk. The study of young fronds still
'folded in the terminal buds revealed their close similarity to the present day Cycadaceae members
such as Macrozamia, Encephalortos and Bowenia. The size of the mature frond is unknown but it
is aro~d 3.3m long in Cycadeoideaingens (Fig. 4.5). ' .

Anatomical study of pinnule shows distinct upper and lower epidermal layers of thick
walled cells, mesophyll with spongy and palisade parenchyma and vascular bundles with a
prominent bundle sheath (Fig. 4.SC).

4.4.3 Reproductive Iructiflcations

The reproductive fructifications of the Cycadeoidian members were, axillary in position. In
a few species only all the leafaxils were fertile ~hile in most species only a portion of leaves
subtended fertile shoots. In six species, flowers are monocarpic (flower only once during their life
time) as in some 'palms and bamboos. The flowers are bisexual in Cycadeoidea (Crepet, 1972, 74).
These are borne on a small pedicel and are protected by about 100 spirally arranged pinnatebracts
which are covered by a ramentum of scales. The bracts on maturity open up to form a broad saucer-
shaped structure. The pollen bearing organs consists of about 20 pinnate microsporophylls
arranged in awhorl at the baseof ovuliferous receptacle (Fig. 4.5B).
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Fig. 4.5 (br, bract; ea, cone axis; int, integument; is, interseminal scale; lb, laf base; mic, micropyle; msp,
microsporophyll; pi, pith, ram, ramenturn; sxy, secondary xylem). A. TS Cycadeoidea trunk showing large
pith surrounded by poorly developed secondary xylem. The cone and leaf bases are embedded in thick
ramentum. B. Cycadeoidea dacotensis cone (diagrammatic) showing central axis bearing numerous
interseminal scales. Of the two microsporophylls, one on the left is immature whereas other on the right is
mature and expanded. Two rows of synangia are arranged on each branch. C, D. LS and TS of synangia of
C. dacotensis. E. LS Cycadeoidea morierei ovule showing well developed integument surrounded by
vascularized interseminal scale CA, E, redrawn from Stewart, 1983; B-D, redrawn from Andrews, 1961).

The pollen bearing structures were bean-shaped and arranged in two rows on the inner
surface. of each pinnule of a microsporophyle. These synangia (Fig. 4.5D) were about 3.5 x 2.5 mm
long and bore 20-30 tubular pollen sacs or sporangia which contain rnonocolpate pollen grains. The
dehiscence of synangia is by' means of an apical slit which cleave thesynangium into two equal
halves.
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In Cycadeoidales, the protection of sporangia is by grouping of microsporophylls into a
. flower:or cones Pollination was accomplished by boring insects. Since the cone.isbisporangiate,

• self pollination is ensured which lead to increasing homozygosity and presumably resulted :~lthe
ultimateextinction of the group, ...

On the conical or dome shaped apex of the fertile' shoot, there are numerous, tiny, stalked
orthotropousovules of 1 mm long interspersed with the same number of interseminal scales. The
heads are enlarged into a club which becomes fused with the adjoining interseminal scales In a way

j that it forms a continuous surface layer with openings through which the micropyles project. This
.! continuous' surface layer constitutes an external protective covering (or pericarp) over .the
{ developing .sceds. Harris' (1932) studied the macerated seeds and. found that the integument is

;"¢bmpletely fused with the nucellus except at the .apex.. Each ovule consists of a two layered
~'.".integument, nucellus with a beak and a prominent pollen chamber (Fig. 4.5E). The cells of nucellus

are thin walled and are much smaller at the chalazal end that at the micropylar. end. Embryo
bi~otyle~onous.·· ,

,-; ..
. . .

_ A discovery of special interest made by Crept and Delevoryas (1972) 'is the presence of
linear megaspore tetrads and the tetrad showing .the first three aborted megaspores and the lower
functional megaspore as in the case of most living gymnosperms. A nucellar.plug is observed in
Cycadeoidea morierei similar to that reported in Williamsonia. The presence of archegonia has '.
also been reported in the female gametophytes of Cycadeoidea. In the ovules.of cycadeoids, the
nucellus is fused with the integument through out except at the apical region..'The integument is
composed of two thin layers. without vascular supply. The ovule is surrounded by five or six
interseminal scales each having its own vasculature, According to Delevoryas (1968) these scales
represent the fertile and sterile fronds of pteridophytes in a reduced state. The termination of some
intersemina scales in abortive ovules suggest that the interseminal scales and the stalked ovules are
homologous structures. . . .

4.5 RELATlONSHIPS WITH OTHER GROUPS

Bennettitales exhibit similarities with many.groups but.are unique in having. stalked ovules.
The relationships with other groups are given below.

4.5.1 With cycadales

;, Both of them have similar habit and similar fronds. Anatomically they both have monoxylic
.wood. Other similar features include monocolpate pollen grains,orthotropous ovules and
dicotyledonous embryos. .

.~;;:'Thetwo groups mainly differ in the anatomical details of the frond, haplochelic stomata in
~~les ~~ syndetochelic in Bennettitales, girdling !eaf traces which are prominently displayed
ma cycad stem are absent in the members of Bennettitales. Cones are monosporangiate in

" '
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cycadales, whereas in Bennettitales they are bisporangiate also. The microsporophylls are arranged
in whorls' in Bennettitales while they are spirally arranged in cycadales. Based on these differences
Andrews (1961) opined that both the groups have evolved along two different and independent
lines .

. 4.5.2 With Pteridospermales
. .

. The common features between these tWO groups are ·pre~ence. of ramental hairs, .similar .
internal structure; syndetochelic stomata, direct, leaf traces, presence of leafy m'crosporophylls
bearing synangia and the presence of cupule. The bisporangiate 'flower' or Bennettitales could be ..

. .' I· ,

compared to bisporangiate .fronds ofCycadofilicales (pteridosporus). According to some authors
there are two independent lihes of evolution from Pteridospermales. One gave rise to
monosporangiate forms like cycads and the other to Bennettitales which possess both mono and
bisporangiate forms. The major differences are the organization of ovules as they are smaller and
stalked in Bennettitales and exhibit prominent vascular supply to the nucellar tissue (absent in
Pteridospermales ).

4.5.3 With Angiosperms

The 'si~ilarity in flowei; structure -of Bennettitales and .some 'angiosperms groups such as
Ra~ales and Magnolialeswhich haveprimitive flowers with numerous floral parts arranged spirally
lead a few morphologists (Bessey, Hallier Hutchinson etc.) to believe that the angiosperms might
have originated , from mesozoic Bennettitales. The bracts around reproductive. 'organs of
Bennettitales could be compared to the' perianth of angiosperms. Other similarities include the
mesoparacyticstomata of Magnoliales and the syndetochelic stomata of Bennettitales, homoxylous
(without vessals) wood comparable to few angiosperms like Drimys, Trochodendron and
Tetracentron and the presence of dicotyledonary embryos i~ both groups. Bennettitales, however, '
differ from angiosperms in having naked ovuies (characteristic feature of gymnosperms) intermixed
with sterile scales. The starnes are large compound structures with simple synangia which are quite
different from angiosperm stamens. The wood rays in Bennettitales lack marginal cells whereas in .
angiosperms prominent marginal cells are present. Pant and Kidwai (l977) obserVed that the
flower of Bennettitals may represent a parallel line of evolution to angiosperms, This view is
substantiated by the fact that the group Bennettitales disappeared during Cretaceous whereas the
angiosperms were already established by them. " , .

4.6 SUMMARY

,; Bennittitalesis an important group of fossil gymnosperms which co-existed with cycadales .
during Meozoic era 'from Jurassic upto Cretaceous. It consists of three families: (1)
Williamsoniaceae, (2) Wielandiellaceae, and (3) Cycadeoidaceae.

PI~tare with-columnartn.akswithz m heightin the first two families while the plants ate
.short tuberous branched or unbranched' spherical, conical or irregular trunk of 50 em diameter in

. • .• I: . :~..' .,;:' .~.' - .



'.

!M.Sc. Botany (Previous) Paper-I, Unit-4, Lesson 4 -12 - Bennettitale~

Cycadeoidaceae -. But all the three families are characterized by rhomboidal leaf bases and a crown
of pinnately compound leaves present at the apex. The stomata are syndetochelic, flowers or uni or
bisexual cones are the reproductive structures. ·Numerous stalked or sessile ovules are present on
conical, cylindrical or dome shaped receptacle interspersed with interseminal scales with their distal
ends fused to form a shield through which the micropyles protrude, microsporophylls in' whorls free
or united, pinnate or entire with numerous microsporangia fused into .synangia or capsules. Pollen
grains. monocolpate and embryo dicotyledonous. The interrelationships of Bennettitales with
cycadales, pteridospennales and angiosperms are discussed.

, I

4.7 MODEL QUESTIONS

1. Give a general account of Bennettitales,

2. Briefly describe the salient features of the three families of Bennettitales and discuss their
interrelationships with Cycadales, Pteridospermales and angiosperms.

3. Write short notes on:

a) Williamsonia

b) Williumsoniella

c) Wielandiella

d) Cycadeoidea.
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5.1 INTRODUCTION

Of the different orders of Cycadopsida, the order Cycadales is the only order in which the.
extant (living) genera are present,\while the other orders contained no living genera and allexitinct.

." ~. .... .

. The Cycadalesfirst appeared in Upper Triassic times of Mesozoic era and are surviving
until the present day . Hence, among living plants; the cycadalesconstitute the' most ancient group.

'. They exhibit a number of primitive features: The. order.Cycadales is divided into two families i.e.,
Nilssoniaceae and 'Cycadaceae, of which the latter only, contained living genera.', '.
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. 5.2 GENERAL CHAAACTERS OF CYC'ADA.LES·
. . .. "

. 1. Plants are woody and with unbranched stems or occasional andventions branching.
2. Woodismanoxylic and some genera are with eo-axial vascular.cylinders. '
-,3. Mucilage canals present in the cortex and pith ..
4. Leaves are large, frond-likeandpinnate ..
5. Leaf traces are diploxylictexcept in Nilssoniaceae) -.
6. Plants ate dioecious
7. Reproductive organs are in the form of cones (exceptinfemale Cycas).
·8. Cones are terminal or lateral. .. . .. .. .
9. Megasporophyllswith seriletips and'8~2 orthotropous ovules.
1O.Seeds are large. ... . ..... ., ..

.11 Microsporophyllsare sac-like or peltate withpollen.sacs on the abaxial side.
'12 Sperms are with spiral bandofflagella. Cycadaceaeand Ginkgoaceae are the only two

families of seed plants whichhave retained the ciliate sperms, so characteristic oflower
plants.

13The sperms are very large(200~min Cycasand400~m inChigua.j
14 In all. cycads apicalmeristem is extremely massive .

. -.'. . . .

5.3 CLASSJFICATIONORCYCADALES

Johnson {1959}and Bierhorst (1971}dividedthe order into three families i.e.,Cycadaceae,
..SiangeriaceaeesuiZamiaceae. Stevenson (1981) removed Bowenia from and placed in a separate
family Boweniaceaeby which the number of families is increased to four. But in this present text
the classification proposed by Sporne (1965) is followed. He included all fossil forms 'in a family
Nilssoniaceae and living cycads in Cycadacede. . . .

5.4. NILSSONiACEA.E*~

This family is represented by all fossil forms in which leaves, arid reproductive organs Were.
described under different form genera.

(i)

(ii)

(iii)

Leaves: Nilssonia, Pseudoctenis .

pollen-bearing organs: ·Ai'!c<ri:Jst~obuS
-' .,'

.. Seed-beasing organs: Baenia
,.

Nilssonia: .In the .Jurassicrbcks, one of the most ·co~on leaf type observed was about
60cm 10I1g and, IOcm wide.. The lamina is: entire or dissected info pinnule like segments and
supported on a strong mid rib. .Simple veins-pass obliquely. or;at right angels from mid rib to leaf
margin. The veins were rarely forked, such leaves were described by 'thename Nilssoniaand these
are worldwide in distribution from Triassic to Cretaceous (Fig; S.IA). ·:Another fossil leaf that
looked like cycad frond from Upper Triassic deposits was described by the name Pseudoctenis.
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.Fig, 5.1 A-E.Fossil cycads. A: Nilssonia compta, leafrB, C Beania gracilis. B Seed "cone". C
Megasporophyll with.oneseedin Iongisection. D,E Androstrobus manis .. D.Microsporapgiate cone. 'E. '
MicrosporophylL(A After Andrews 1961,B~Eafter Harris 1941,1964).

Andro;trobus: Thomas and Harris (1960) describespollen-bearing organs '(cones) Under
the name Androstrobus. In Androstrobus manis, male cones were, compact (5x2cm) and had
severalspirallyarranged. peltate microsporophylls (Fig..5:1D). Each microsporophyll contained"
several finger-like pollensacs, onitsabaxial side (Fig.5.1E). '

,
I

, Baenia:Harris (1961) described seed bearing structures from theJurassic of Yorkshire, \
under the name Baenia. In it peltate sporophyllswere loosely arranged spirally,around the central
cone axis (Fig. 5.1 B). 'Each sporophyllboretwo ovules. (Fig. 5.1C). The integument was fused
with the nucellus except at the apex. '

'" ,Megasporophylls, withteiini~alleaflikesterile portion and basal fertile portion representing , '
thescarsIeft by the detached ovules; were described as Palaeocycas; the only fossil. genus cr:
Cycadaceae.Florin(1933), Harris (1961),DelevoryasandHope (1971jpreparedreccnstructions of '
extinct cycads, by making use of imaginary trunks. Florin (1933) -namedthe reconstruction as' ,

:' •• r-
, ,
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Bjuvia simplex, where Palaeocycasmegasporophylls which crowned the apex of an imaginary
unbranched stout trunk, of 3m tall (Fig. 5.2B). '.Harris (19'61) in his reconstruction showed
Nilssonia (leaves) Beania and Androstrobus(reproductive organs) on an imaginary branched stem
(Fig. 5.2D). Delevoryas and Hope (1971) in their reconstructions (Leptocycas) depicted a slender
stem (1.5 m tall), with crown ofPseudoctenis type offronds(Fig.5.2A).

"

f

,.;.' ;

*,'~''-''•..1: .';

., ...
'c

A

Fig. 5.2 A-D. A, B, D Reconstruction of extinct Cycad plant. A Leptocycas gracilis. B Bijuvia simplex, C.
Palaeo yeas, an ovule-bearing organ .. n,Cycad bearing Beania ovulate cones and Nilssonia type foliage. '
(A After Delevory,as and Hope 1971, B, C after Florin 1933a,D after Harris, 196.1). '
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5.5 GYCADACEAE

This family represents all the eleven living (extant) genera with about 100 spp. Theyexhibit
. a disconnected distribution. Of the 11 genera, five namely, Dioon, Ceratozamia, Zamia Chigua and
.' Microcycas are distributed in Western Heinisphere, - and the remaining six genera yiz., Cycas,

Macrozamia, Lepidozamia, Encephalartos, Stangeria and Bowenia occur in Eastern Hemisphere.
The details of cycads distribution are given in lesson 1. There is considerable uniformity among all
genera in respect of their morphology, anatomy and reproductive biology. Hence, the present
comparative description .rests mainly on the type genus Cycas and relevant information on other
genera has also been provided wherever necessary.

5.5.1 Morphology

.'The cycads usually grow in exposed habitats and are considered xerophytes. The adaptive
features of their xerophytic nature include short, slow growing unbranched stems or tuberous
Underground sterns and persistent leaf bases which combined with cortex to give the trunk excellent
insulating qualities. A plant of Encephalartos takes 200-300 years to grow 1S -I.75m tall and
Dioon grows to 2 - 25 m in 1000 days.

The cycads generally look like
a palm with columnar aerial trunk,
and a crown of pinnately compound
leaves. The natives call them as
palms. Adult plants of Dioon,
Ceratozamia, Microcycas and Cycas
are always arborescent (Fig. 5.3). The
tallest cycad (18 m) is Macrozamia
hopei. The plants of Dioon and
Microcycas attain a height of 10-15
m. The stems of Stange ria and
Bowenia are tuberous and sub-
terranean, while in Zamia,
Macrozamia and Encephalartos some
species are arborescent and others
tuberous.

Fig:15.3 Some Cycadales, A. Bowenia
spectabilis, B. Cycas revoluta; C. Dioon
spinulosum; D. Zamia floridiana; E.
Stangeria paradoxa.
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I Cycads produce two types of leaves (leaf-dimorphism). Thereare large green foliage leaves
I and small scale leaves o~ cataphylls, The ~wa types alternate regularly. Scale leaves are brown in
,. color due toaheavycoating of ramen tal hairs, _ ' . . ,

The green foliage leaves are frond-like and pinnate.in all genera except Bowenia in which
they are bipinnate. The largest fronds (3 m long) are found in Cycas circinalis, while the smallest
(5 em long) are in Zamia Pygmaea. The rachis as well as pinnae of young fronds show circinate

'vernation in Bowenia and'Ceratozam~(l; In Cycas only leaflets and in Stangeria and Zamia only
rachis exhibit circinate vernation. The Pinnae of Cycas and Stange ria have a prominent midrib while
in other genera pinnae are without midrib. .Leaflets of Cycas have only midrib without any side
veins, while in Stangeria there are lateral veins from the midrib. The pinnae of other genera are
with parallel veins only. ' '

The tr~nk in all arborescent forms 'is covered by an armor of leaf bases (Fig. 5.4).
Alternating bands of large and small rhomboidal leaf bases cover the aerial stem in a spiral manner.
The large leaf bases belong to foliage leaves and the small ones to the scale leaves. The stems of
tuberous form do not have Persistent armor of leaf bases. ,

Fig. 5.4 Dioon edule: portion of trunk of an old plant,showing armor of leaf bases. The trunk is
smaller 'below than above. It also shows three zones, marking prolonged dormant periods.

The primary root in the cycad seedlings is much larger than the stem and in the adult plants
the reverseis the case (Fig. 5.5). The normal tap root system is replaced by strong unbranched
adventitious roots, which develop a number of apogeotropic corolloid roots.. These roots grow up
instead of down, branch dichotomously and profusely forming corolloid masses above ground.
Rienke (1872) discovered corolloidroots in Cycas revoluta. Since then, it has been recorded in all
cycads including the new genus Chigua (Stevenson, 1990). '
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5.5.2 Anatomy-of stem, Ieaf and root

Stem: The stem of Cycas and allied genera (Fig. 5.6) has an irregular outline
because of numerous persistent leaf bases. The stem shows a larger central
parenchymatous pith surrounded a ring of numerous small vascular bundles
which are followed by a wide parenchymatons cortex. Broad medullary rays
connect pith with the' cortex. The parenchymatous cells are full of starch which
is commercially exploited as 'sago'. Both the cortex and pith are .with full of
mucilage ducts. The outermost layer consisting of compactly arranged thick
walled cells constitutes an epidermis. But the persistent leaf bases makes the
epidermis a discontinuous and ruptured layer. The vascular bundles .are
arranged in' a ring. Each vascular bundle is conjoint, collateral, open and
endarch. The protoxylem elements contain spiral thickenings, while the
metaxylem elements exhibit either scalariform thickening or with multiseriate
pits. The phloem consists of sieve cells, phloem parenchyma and fibres.

Fig. 5.5 Dioon edule: seedling; all the part bearing secondary roots is the primary
root. The stern, bearing the leaf and scale leaves, is so .small at this stage that it is
hidden by the emergent part of the cotyledons.

Fig. 5.6 A. Cycas circinalis; B. Zamia floridana (cor, cortex; lb, leaf base; gr. girdling leaf trace; md,
mucil~ge duct" pi, pith). A. TS stem showing polyxylic condition, armour of leaf bases and a large cortex
and pith. B. Same, Zamia showing prominentgirdling leaf traces and manoxylic wood. Both cortex-and
pith are full of mucilage, ducts (A, after Maheshwari, 1960; B, after Chamberlain, 1,~3,5). " , "

.' .. ' . ! " .

".:''',"
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Secondary growth of stem is similar to that of dicotyledons. It takes place very early in the
life of the plant. .The interfasicular cambium .and intra fasicular cambium join to form a cambium
ring. It cuts of radially seriated secondary' xylem towards the pith and secondary phloem towards
outside. After a short while this cambium ring stops functioning and additional cambium rings
develop either in the parenchymatous cortex or in the region of pericycle. This cambium also

. functions in the similar fashion. In this way as many as 14 rings of vascular tissue may. develop in
the stem of Cycas pectinata. The cork cambium arises in the outer region of the cortex and
produces secondary cork toward inner and outsides. The secondary wood is manoxylic type and is
surprisingly small in amount. A.mature stem of Zamiafloridana (6 em in diameter) had a zone of
xylem 2111m wide. Similarly Ceratozamia mexicana stem (15 em in diameter) had a zone of xylem
Jmm. Stems 'of Zamia, Stangeria and Ceratozamia which may be more than 50 years old, show no
trace of growth rings. On.the other hand, species of Dioon exhibit growth rings. Stems in which a
single persistent cambium. is present produce a single vascular cylinder (monoxylic). Cycas,
Macrozamia and Encephalartos species produce polyxylic stems in which many concentric rings of
secondary xylem and phloem are present. The secondary xylem consists of trachieds with'
multi seriate bordered pits, except in Zamia and Stangeria, which still retain the scalariform trachied
of their remote .fern ancestry. Inter mingled with the trachieds are some times rows of thin walled
cells, as in Dioon spinulosum (Fig. 5.7). The vascular rays are conspicuous and of three types viz.,
a) uniseriate rays 1-10 cells high, b) multi seriate rays which are 2-5 cells.in width and much higher
and c) foliar multiseriate rays which are continuous from the pith to the phloem.

Fig.5.7 Dioon sl!inu!osum: longitudinal section of mature wood, showing multiseriht~
bordered pits~ and also one of the thin walled cells (t); x 300 - After Chamberlin.



~CHARYA NAGARJUNA UNIVERSITY - 9- ' CENTRE FOR DISTANCE EDUCATION!
.. - ",' . -. - . . -. :. . - . -. .." .

. ,. . .:

The leaf trace, as it appears near the base of the leaf gap, is small but In the cortexofthe
stem it is very conspicuous. The girdle traces are characteristic of cycadales. A leaf trace, after
arising from thestelar cylinder, usually does not pass directly into the nearestleafbutturns round a
semi circle (or girdles) in the stem horizontally and enters the leaf almost opposite toits point of
origin. It joins at intervals by other traces, so that a number of traces enter each rachis. Sucha
girdling of a trace is, also found in many angiosperms which have radial leaves, Leaf trace bundles'
exhibit endarch protoxylem and' the metaxylem elements are centrifugally placed, such bundles are
described as 'diploxylic'as they show both centripetal andcentrofungal xylem. ' '

Another curious feature of the stem, that in the longitudinal section of the trunk of a genus
which has terminal cones, is the 'cone dome' .: The meristem is entirely used in the formation of the
cone, and.a new meristemappears at the base ofthe peduncle and from the new meristem acrown
ofleaves are formed, until another cone is, produced, and the process is repeated every time a new
.cone produced alternately' with a crown of leaves. Thus each cone dome represents' thevascular
tissue crossing the central pith, belonging to, apical. meristem that. formed a cone whiCh was pushed
aside by a .newmeristem at the apex of the plant indicating
sympodialsystem. .Cone domes are absent in female Cycas and
in those species of MacrozamiaesvsEncephalartos which have
axillary cones.

L~af: The green foliage leaves usually pinnate or bipinnate.
The rachis is cylindrical and, pinnaeare inserted on it. The'
epidermis of rachis consists of cuticularized thick-walled cells "
interrupted by stomata. The hypodermis contains amixtureof.
chlorenchymaand sclerenchyma followed by a parenchymatons
ground tissue.' The vascular bundles are arranged in an arc in
the ground tissue, like the InvertedGreek letter omega (Fig.
S.8).Mucilage canals are present both on the outer and the
inner side. of the arc. The' vascular bundles, show an interesting
feature in that the two endarch bundles which enter the leaf
base from .stem- split into numerous bundles which arrange
themselves in the fashion of inverted omega. Towards the tip
of the rachis the number of bundles arranged in a C-shaped arc.
Each vascular bundle is surrounded by a fibrous sheath.' The:
vascular bundles, are mesarch and with' diploxylicxylem
elements. "

Fig. 5.8 A~B. Cycas-revoluta. A. Transection rachis shows inverted"
omega arrangement, of bundles, B. Enlargement of part of A. eft

,centrifugal xylem. epx centripetal xylem. muc mucilage canal, ph
phloern,px protoxylem (After Pant, 1973). '

w~fO(otIJJ;p:;b~-"""-CPX ,
~~~~~~=;~~PX

~~-f-..,---- cfx
1fU-~~--ph
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The leaf-lets exhibit xerophytic characters. The upper and .lower epidermis are heavily
cutinizedand interrupted bydeeplysunken haplocheilic stomata. The stomata are mostly. confined
to lower epidermis except in Bowenia and Macrozamia (Fig. 5.9A,C,D). There is sc1erenchyrnatic
hypodermis beneath 'the upper epidermis followed by a palisade tissue and spongy parenchyma, In.
Encephaldrtos hypodermal region is several cells thick. Between the palisade and the spongy tissue ,
there are several' layers of transversely elongated thin-walled colorless cells called the transfusion,
tissue. Additional1y, a few layers of empty thick-walled, trachiedlike cells with bordered pitsare
present. These cells .are at right angles to the longitudinal axis of leaf and run from either side of
the midrib to the margins of the lamina, forming accessary transfusion tissue ...It probably functions
as .lateral conducting tissue in the leaflet which lacks veins (Fig. 5.9B), The vascular bundle is
diploxylic and with mesarch xylem. The phloem liesbelow the xylem .

• --~ >

~ tt
f------Cpx

~-----cfx
--'-----ph

.':. :

. '

Fig. 5;9 A,B, Cycas revoluta; C, D,C. circinalis(act, accessory transfusion tissue; efx, centrifugal xylem;
cpx, centripetal xylem;epi; epidermis; hyp, hypodermis; pal, palisade layer; ph, phloem; st, stomata; tt,
transfusion tracheid). A. VS leaflet; note the thick cuticle, revolute margins and stomata on lower surface
only. The single vascular bundleisdiploxylic showing both centripetal and centrifugal xylem. The
accessory transfusion tissue is prominent runriing into both theanns of the leaflet. B. Portion of leaflet
showing details.vC, Stomata enlarged to show sunken nature.D. Epidennalpeel of leaf to show stomata
and surrounding cells. (A,B, after Pant, 1973;C,D, afterMaheshwari, 1960).

B
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Root: A nortnai young root is mostly diarch: Outer
most layer is epiblema consisting. of tangentially
elongated cells. From some. of these cells arise root
hairs. A wide zone of parenchymatous cortex is
present beneath the epiblema. Cells of the cortex are
filled with starch, and some cells are filled with

· tannins, mucilage and sphaeraphides. The cortex is
delimited by .one layered endodermis and peri cycle.
The exarch protoxylem elements are with spiral
.thickening, while the metaxylem elements are with
scalariform thickenings. Phloem tissue with sieve

· tubes and phloem parenchyma is present (Fig. 5,10)
alternately with xylem tissue.

__ ~- root hair

cuticle

starch ,.
containinq

cells

intercellular
space

.Fig. 5.10 Cycas revoluta. T.S..normal root (young)
1~lltphloem .

~~~

The older roots' exhibit secondary growth. The cambium produces secondary phloem
· towards the outer side and secondary. xylem towards inner side. Some times the pericycle cells
become meristematic and produce xylem arid phloem tissues. The secondary xylem is manoxylic
type consisting of radial rows of trachieds separated by parenchymatous rays. Some of the cells of
the outer cortex become meristematic and function as cork cambium which produces secondary.
cortex towards inner side and cork towards outer side. Epiblema is ruptured and no root hairs
present on the older roots.

Corolloid root

The apogeotropic corolloid roots represent the only known naturally occurringsymbiosis
/ between plant roots and nitrogen fixing cyanobacteria. The anatomy of a corolloid root is similar to

that of a normal root, except that: a) the development of vascular tissue is poor, b) the secondary
growth is absent, and c) the cortex has a conspicuous greenish zone of radially elongate thin-walled

. "-
cells with large inter cellular spaces and cells filled with blue green algae (Fig. 5.11)

.'., ' ..\
"

\ .
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'-"-.r"'O><l'!)~=-'\.-sphaer.aphide

inner cortex

endoderm is

Fig.5.11 Cycas revoluta. T.S, coralloid root

5.5.3 Reproduction

All cycads are absolute1ydioecious, i.e. male and female plants are separately present. The
sex is determined by X and Y chromosomes. Sporophylls are organized into male and female cones
(strobili) except in female Cycas, whereme~asporophylls remain loose and do not form a cone.
Male cones are not usually so large as the female cones.

Male Cone

The short-stalked male cone is generally terminal and compact. In Macrozamia cones are
axillary in position. The apical meristem of stem exhausts itself during cone production. Then the
growth of the trunk is continued by a new meristem arising from the base of the peduncle; pushes
the cone to one side and takes its place. This new shoot apex appears terminal, forms fresh crown
of scales, leaves, and later a cone. This process repeats with the production of each new cone.
Male cones of cycads are the largest among the gymnosperms.

The largest cone described is that of Macrozamia denisonii which measures 80 ern-long and
20 em in diameter, The size of male cones of other cycads is, Encephalartos altenstenii, 60cm;
Cycas circinalis, 45 em; Dioon spimulosum 40 cm; Zamia floridana, l Ocm; .Bowenia serrulata, 5
em and Zamia pygmaea, 2 cm (Fig. 5.12).
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Fig. 5.1:2 Zdmiaporto~icen~is; male cones of various ages on one plant. The microsporophylls, although in
strictly spiral.arrangement, look as .if they were in vertical rows. The University of Chicago greenhouse
(January, 1933).

A male' cone is an oval or conical structure with numerous spirally arranged
. microsporophylls.whichare almost perpendicularly attached to the cone axis. The arrangement of
. sporophyllsis ~o regular. that in surface view they look as if they were in vertical rows like the

grains ofcorn. The size ofthe rnicrosporophyll also varies from 5 em (Cycas circinalisy to 4 mm
(Zpygmaea) in length. A mature sporophyll is hard and woody. It has a wedge shaped distally
expanded fertile portion which bears microsporangia 'on its lower (abaxial) surface and sterile end
portion which has a pointed upcurved apex. The. number of microsporangia on a sporophyll is the
largest in Cycas (more than 1100) and decreases to 5-6 in Zamia. The sporangia arranged in
definite groups (sori) like those offerns. The number of .sporangia' in eachsorus ranges from 5 in
Cycasto 1 in Zamia. The strobili of cycads release odours that are sweet, resinous or musty.
Thermogenesis ,(temperature mediated circadian rhythm related to insect pollination) is a
widespread phenomenon in the group. Heat production helps in volatize odours that attract insects
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for pollination. The male .strobili have a high concentration of starch that may help the supply
energy for thermogenesis,

Microsporangium

Microsporangia development is eusporangiate type and have striking resemblance to tho
, 'of ferns. In both, the stalk is massive and there are several layers of wall cells between epidem
and tapetum .. The ramentum is unicellular, while in the ferns, two or three cross walls are commo
The tapetum consists of very small cells-in cycads and rather large ones in ferns. (Fig. 5.13).~tJ
development of the microsporangium, one or several hypodermal cells divide to give rise to
primary wall cell or cells, from which wall layer cells form and a primary sporogenous cell or cell
that produce sporogenous cells. Tapetal cells break down into plasmodium. The sporogenous eel
divide to produce microspore mother cells whichdivide meiotically to give rise to pollen grains l

.microspores. The epidermal cells become very thickened especially at the bottom and along side
while other areas remain thin at the top, where the cell contents break through and escape. Eac
microspore develops a thick exine and a thin intine. They show an oval germinal furrow or sulci
on their distal face. The micro sporangium has a radial line of dehiscence, which helps in the SPo)
release from the sporangium.' After the sporangia open, the cone axis elongates separating' tl
sporophylls and this enables the pollen to release.' ,

Fig. 5.13 Dioon edule: longitudinal section of microsporangium, showing numerous microspores ar
typical st~cture of a eusporangiate sporangium. Two ramentaI hairs, each with one transverse wall a
shown on the 'Io~er left' pa:rt of the sporangium - From Chamberlain, The Living Cycads (University ,
Chicago·Pres's).·' .' .

Male gametophyte

. Microspore is the first cell of the male gametophyte. Microspore nucleus divides into-tv
uneqll~l cells whilestill inside the micro sporangium (in situ germination). The' smaller one

. called prothallial'din, while the large one represents antheridial initial cell. Theantheridial.init
cell divides to produce a tube nucleus and one generative ,~ell. The microspores are released fix
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the microsporangium at this three celled stage. (Fig. 5.14C). Further development of the male..
.gametophyte takes place after pollination when the microspores reach the nucellar surface of t~e
ovules. The microspores are blown away by wind for pollination. Niklasand Norstog (1984)
opined that wind alone is not sufficientto effect pollination in some of the cycads. Tang (1987)
reported insect pollinationin Zamia pumila. Wilson (1993) reported amphiphilous pollination:
where pollen being transferredby the weevil (Tranes subopaca) in Bowenia serrulata. Microspores
trapped in mucilaginous drop of the micropyle are withdrawn into the micropylar chamber of the
ovules.

antheridial cell tube cell

pollen grain . prothallial
cell

\
~

t

~. \\!)
E body cell

forming F
two sperms

stalk
cell

projnanialcelt

Fig. 5.14, A-F.fycas. Development of male gametophyte

The exine breaks up and intine comes out in the form of a pollen tube. The latter penetrates
thenucellar tissue. The generative cell, divides soon to form a sterile cell (stalk cell) and-a
spermatogenous cell (body cell). The stalk cell does not divide further,but enlarges in size. ,Th~
prothallial cell pushes into the, stalk cell and presses it against the cell (Fig. 5.14D). Then, there
will be gap of 4 months in Cycas sp, five months in Zamia floridana and six months in Dioon
edule, for further development of the male gametophyte. Immediately before fertilization the body
cell enlarges and elongates. It gradually becomes spherical. Two blepharoplast appear in the body
cell, that lie perpendicular to the long axis of the pollen tube, one each on either sides of the body
cell nucleus. Then body-cell divides resulting into two cells from each one a single sperm is

~ --..' '."
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, developed (Fig. 5.14 E-F), The malegametophyte development in all cycads is similar· except in
Microcycas (Fig. 5.15).

Fig. 5.15 Stages in the forniation of the male prothallus in cycads

A mature spermatozoid contains 5-6 turns of spiral bands with thousands of cilia. Twists of
spiral bands are directed from.left to right. Sperms of cycads are remarkably large. In Dioon edule
sperms are 300 microns in length and·230·microns in diameter. Consequently, they are visible to
the naked eye. The largest ever reported spermatozoidsof size 400 microns are of the cycad,
Chigua. In all of the cycads, except in Microcycas, there are two sperms in each pollen tube. In
Microcycas, there are usually 16 or 32 sperms, produced by the division of stalk cell (Fig. 5.15).

Female Cones

In Cycas, instead oftemaie cone, the individual megasporophylls forma.loose crown at the
stem apex. Each megasporophyll is a leaf-like structure, 15-30 em long, and pinnately dissected in
its upper region. In the lower portion one to five pairs of ovules are borne on either side of the
sporophyll.

In other genera, the megasporophylls are organized into female cones and some of these are
the largest cones that have ever existed. Female cones of Macrozamia denisonii are 70cm long and
weigh about 30 kg. The cones of Dioon spinulosum are 50 em long, in Ceratozamia 26 em in
length and Zamia pygmaeahasthe smallest cones about 2 em long .. The sporophylls are spirally
arranged on the cone axis, each bearing two 'orthotropousovules, the number characteristic of all
genera except Cycas. In various species of Cycas, there isa gradual reduction in the expanded part
of sporophyll, from large elongated pinna in C. siamensis to a highly reduced to almost mere
serrations in C. normanbyana. Similarly the number of ovules reduced from 8 to 2 in different
Cycas species (Fig; 5.16). The megasporophylls of some genera have some characteristics that
enable the easy Identification of the genus. In Dioon edule, the sporophylls have lost even the
serration. The rachis of sporophyll remains as prolonged tapering spine in Macrozamia, the
terminal part is totally suppressed in Encephalartos and in others it is merely a thick peltate
structure. In Ceratozamia, two strong horns are formed from the terminal part of sporophyll.
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Fig. 5.16 Reduction of the megasporophyll in Cycadales: A, theoretical ancestor of Cycas; B, Cycas
resoluta; C, Cycas circinalis; D, occasionally in Cycas media, and usually in Cycas normanbyana; E,
Dioon edule; F, Macrozamia; G, Ceratozamia; H, Zamia.

Megasporangium or ovule
. .

. The ovules are all erect and have a single Integument. In Icas circinalis and Macrozamia

.denisonii ovules are about 6 em in length "" Zamia pygmaea as the smallest which measure

about 5 to 7 mm m length: The integument IS fused with the nuc llus and free from It only at the

apex. The principal features of the ovule are well illustrated by a longitudinal section (Fig. 5.17).

The integument is massive and differentiated into three layers: a) The outer fleshy layer which

become variously colored at maturity, b) middle stony layer, and c)an inner fleshy layer which is

reabsorbed and become papery even before maturity. The vascular supply atthe base of the ovule

divides into three strands, the middle one supplies the base of the sporangium and the lateral two

enter the integument and divide again. The integumentis open at the tip to form the micropyle.

The nucellus grows out into a~ea~ which protrudes into micropyle. Certain cells at apex of the

. nucellus disorganize to form a cavity called pollen-chamber.' The epidermal cells of the nucellus. .

divide periclinally to form nucellar cap. The epidermal cells ofthe nucellus are heavily cutinized
'. '. .'

and has stomata. In the ripe seeds, the oufer fleshy integument is bright red in Encephalartos

altensteinii, pale yellow in E. horridus, orange-red in Zamia floridana, salmon pink in Microcycas

and nearly white in Dioon and Ceratozamia.
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____ micropyle

Fig. 5.17 Reduction of the i megasporophyll in Bennettitales: A, B, C, stages in the reduction in some
hypothetical ancestor; D, the usual condition found in fossils;E, the sporophyll has become entirely sterile;
F, fertile and sterile sporophylls with about the arrangement found in Bennettites gibsonianus.

~~~;~~I~~~=pollen chamber
~ archegonial

chamber

\f4.~.I+-+-nucellus

____-J..-_ middle stony
layer

II'_~ outer fleshy
layer

~f...- vascular
¥'s";f£:'il strands

Megasporogenesis: In the nucellus one to· several hypodermal archesperial cells differentiate.

They divide periclinally to produce an outer primary perietal and inner primary sporogenous layer.

Above the sporogenous cells, primary perietal cells divide to producea massive perietaltissue.

Sporogenous tissue .increase in amount by the divisions in it. One of the cells of sporogenous tissue

functions as the megaspore mother cell. It. undergoes meiotic division producing a linear tetrad of

four megaspores. Thechalazal megaspore is functional from which female gametophyte develops.

(Fig.5.18A-C).

> ,... , ,
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Fig. 5.18 Megaspores ofcycads, A. Stangeria paradasa; the lower cell of the row of three is the
functioning megaspore; X230 - After Lang. B.Ceratozania mexicana, similar stage;X 266 -After Treub.:
C. Zamia floridana, row of four megaspores; X930 - After Dr.F. Grace Smith.

Female gametophyte

Repeated free-nuclear divisions occur in the functional chalazal megaspore, forming about.
1000 free-nuclei. The megaspore in the meantime enlarges rapidly and nuclei become distributed in
the peripheral layer of cytoplasm around a central large vacuole (Fig. 5.19A). Then cell walls are
laid down ina centripetal fashion to result acellular gametophyte. The arrangement of cells in the
young gametophyte is extremely regularradiating from the centre to the periphery (Fig. 5.19B).
Soon after this stage, some of the ceUsat the micropylar end become larger and their nuclei move
from central position to the peripheral end of the cell. These are archegonia initials (Fig. 5.20A).
Each of these divide to form a primary neck cell and a central cell. The former anticlinally
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Fig.5.l9 A. Dioon edule; ovule soo~ after polli~ation, free nucJear stage of the femal~gametophyte- From
Chamberlain. The "Living Cycads 0fniversity of ~hicago P.r~ss). B. Dioon ~dule~ the fe~ale gametophyte
has become ce:lul.r throughout -. Frr Chamber lam, The LIVIng Cycads (UfilverSity of Chicago Press).
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c
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D

Fig. 5.20 A-F. Archegonium. A-C. Cycas rumphii. A. Archegonial initial(ari).B. Archegonium. C. Two
neck cells of archegonium in transection. D-F. Cicircinalis, D. Longisection (part of) archegonium. E.
Plugs (Pl) of egg cytoplasm (ec). F. Cells (devoid of contents) show dark-staining bodies (A-C After De
Silva and Tambiah 1952,~J)-F after Rao, 1961).
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divides to form a neck of two cells. Just before fertilization, two neck cells again divide to form .
four neckcells. The central e-ll grows for several months before its nucleus divides. The central
cell nucleus divides into a small ephemaral ventral canal nucleus and a large egg-cell. A mature
archegonium consists of two to four neck cells, one ventral canal nucleus and an egg(Fig~ 5.20 .
H,C). The ventral canal nucleus soon disorganized and usually unrecognizable. Three to five such ..
archegonia are produced on a gametophyte. The nucleus of the cycad egg may teach a size of 50Q
microns, and is reported as the largest among in living plants .. The cells in theimmediate vicinity of.
the developing archegonium maintains alirik with the jacket cells by means oflarge pores through'
which an inflow of food materials takes place (Fig. 5.20.D-'F).

Pollination and Fertilization

The wind dispersed pollen grains are caught in the pollination drop secreted at the micropyle
of the ovule and are sucked in through micropyle to the pollen chamber. Insect pollination is
reported in Zamiapumila.

The pollen grains germinate immediately with the rupture of exine at the tube cell end. The
.:tube nucleus passes into the pollen tube, which penetrates the nucellar tissue and becomes highly
branched. The branches of pollen tube also produce haustorial growths in Zamia furfuracea. The
pollen tube thus acts moreas a haustorium. .

The sperms and pollen. tube. cytoplasm are released into the archegonial. chamber by the ..
rupture of pollen tube. The neck cells of archegonium are plasmolysed, facilitating the entry of: .
motile sperms. The sperm casts off its ciliary band and its' nucleus approaches the egg .. It makes •..
contact with the egg nucleus and gradually siriks into it,thus completing fertilization and zygote- .
formation. ... .

Embryogeny: The zygote is the first cell of sporophyte. The zygote nucleus moves towards the
base of archegonium and there is a period of free nuclear division (Fig. 5.21 A,C). The divisions
are simultaneous and the number of nuclei .is 512 and in some cases 1024. Theylie scattered
throughout the cytoplasm. A vacuole appears in the centre after some time. The earlydivisions are
regular, but in Dioon edule, 8th

, 9th and 10th divisions especially in the upper part of the embryo are
irregular. In stangeria there is often a distinct polority, the nuclei being intwo groups. In Zamia
floridana, the free nuclei number is quite regularly 256. In Bowenia serrulata, it is 64, the lowest
number ever recorded in a cycad. In Cycas and Stangeria the. nuclei at the base of the embryo
undergoa vigorous simultaneous division, while the rest ofthe nuclei in the other parts of embryo
have caesedto divide. .

Following the free nuclear period, cell wall formation takes place, which starts from the
base and progresses towards tipper side (Fig. 5.21 D). The embryo becomes cellular throughout in
species of Cycas. Encephalartos and Macrozamia, which is regarded as primitive type of
embryogeny. In others, basal region becomes cellular and upper re~ion contain free nuclei.

~O.'
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Fig. 5.21 (bz, buffer zone; c, cap cells; e, embryonal mass; fnz, free nuclear zone; s, suspensor).
Development of proembryo in Cycas (A-E) and Zamia (F). A-C. Two-, eight-, and thirty-two nucleate.
proembryos. Relics of sperm are still seen in upper end of archegonium. D. Wall formation has started at
the basal end of the proembryo. E. Later stage showing outer layer of 'cap cells', embryonial cells and
suspensor cells. F. Developing embryo showing free nuclear zone, buffer zone, suspensor, embryonalmass
and cap cells. (A-C~after Swamy, 1948; D, E, after Maheshwari, 1960; F, after Bryan, 1952).

The free nuclei and surrounding cytoplasm degenerate to form a plug. Initially the cells at
the base divide and function as embryonal cells. The upper cells just above the embryonal cells
differentiate into a suspensor. The zone of cells separating the suspensor cells and still free nuclear
zone is called buffer zone. (Fig. 5.21F). The suspensor elongates pushing embryonal cells deep
into the nutrient-rich female gametophyte. The layer of cells covering the outer curved face of the
embryonal mass forms the cap (Fig. 5.21E,f). The cells of the embryonal mass develop into
embryo proper by further divisions. There is cessation of growth in the centre and its continuance
at the margins. the cotyledons develop as a result of meristematic activity very hear the cylindrical
shoot apex which itself develops at the tip of the embryonal region.
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Normally, the eggs of all archegonia in a gainetophyte get fertilized. More.than one embryo
starts developing at the same time, butone which is centrally placed and most vigorous takes the
.lead and matures. The growth of the embryo in the seed is very slow and takes over an year for the
embryo to mature after fertilization, (Fig. 5.22)~ -The mature embryo fills up the whole cavity
inside the seed. It exhibits a leaf, one or more scale leaves~and the stem tip between thecotyledons.·

s

Fig. 5.22Cycas (em, egg membrane; emb, embryo; end, endosperm;j7, fleshy layer; s, suspensor; sf, stony
layer). A. Embryo showing long coiled suspensor and persistent egg membranes dissected from seed just
before shedding. B. LS mature seed. (A, after Swamy, 1948; B,after Gifford & Foster, 1989).

emb

Seed: In a mature seed, three-layered seed coat is present, ofwhich the outer layer (sarco
testa) is pigmented. The attractive red or orange fleshy seeds· are dispersed by birds and rodents.
There is no resting period in the cycad seeds and viability is short.

.A B

The germination of the. seed commences with the emergence of root tip from the micropylar
end. The root tip as it elongates, protrudes through and goes deep in the ground. The catyledons
remain inside the seed and perform haustorial function. The seed· germination is hypogeal. The
plumule comes out and starts forming a few scale leaves and then a foliage leaf.
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Haploid chromos~me numbers that have been recorded for different cycad taxa a~e 13 il
Microcycas; 11 inCycas:8 in Stangeria, Ceratozamia and Zamia spp and 9 in the rest. On the
basis of asymmetricalkaryotype and heigher chromosome number, Cycas and Microcycas have
beenregarded as advanced and Ceratozamia and Zamia as primitive.

5.6 PHYLOGENY
, .

The evolutionary .history of an organism or a group of organisms (taxon) is known as its
phylogeny. It is' believed thatcycadales have originated from pteridospermales
(=cycadofilicales=seed ferns). This view wasputforth by Worsdell (1909) and supported by
Chi1l11berlain(1935), Stewart and Delevoryas (1956) and Tailor (1969). There are several common
.characters between cycadales andp'eridospermales, No living taxa of cycadales can be considered

..tobethe forerunner, because every taxon showsprimitive and advanced characters. According to
., Gaussen (1950) Cycas shows 12 primitive arid 70 advanced features andZamiashows67 primitive

lmd 33 advanced characters. The genus .Microcycas. is advanced in vegetative anatomy, cone
structure and karyotype symmetry, But its male andfemalegametophytes are presumed to be the

. most primitive as they produce 16 to 20 male gametes and 64 to 200 archegonia from a single
gametophyte. Therefore, the rinterrelationships in modern cycads are difficult to .visualize.
According toChamberlaint lvjfl), the cycads did not give rise to any other group and will probably
become extinct in the next geological period. ' .

'5.7 SUMMARY

,Outof all the Cycadopsida, the, only group that appeared in Upper Triassic times and have
survived until the present day, is the Cycadales. Therefore, the living cycads are the most ancient
and exhibit a number of primitive features. There are eleven living genera in cycadales whose,
morphology, anatomy, male andfemalescones, gametophytes and embryogeny are presented in this
chapter; All. these taxa share Borne common features like manoxylic wood, diploxylic leaf traces,
leaf-like sporophylls,orthotropous unitegmic ovules, and motile. sperms. This group is believed to
have originated frompteridospermales,

5.8 KEY TEllMS
, , ,

, ' ,

1.' Circinate vernation: Leaf primordium is rolled in on itself from its apical to basal end to~ards
the adaxial surface so that apex lies in the middle of the coil. /

2. 'Cone domes: Domes of vascular tissuecrossing thecentral pith at intervals that represent the
used-up apical meristem of the cones. ' , , '

3... Collateral bundle: A vascular bundle in which xylem and phloem are one above the other
lying on the same radius.'· ' .



-25' . Lesson 5 : CYCADALE~
/'1M. SC. Botany (I year) Unit-IV: Gymnosperms

A.Corolloid root: Apogeotropic cycad roots that branch dichotomously and profusely forming
corolloidmasses above ground.

5. Diarch Stele: Stele with two separate strands of xylem with protoxylem points.

6. Diploxylictrace: A trace with two types of xylem (i.e. centripetal and centrifugaljelements,

7. Haplocheilic stomata: Stomata in which guardcellsand subsidiarycells are not developed
from the same initials ..

8. Hypogeal germination: The cotyledons stay below the ground during theseed germination.

9. Monotypic genus: A genus which is exemplified in only one type i.e. contains only one
'species.

10. Transfusion tissue: A tissue that lies on either side of the vascular bundle and carries out the
. function of lateral veins,

5.9 MODEL QUESTIONS

1.. What are the extant cycads? Write about their distribution.
2.· Give an account on the fossil cycads.
3. Describe the male and female reproductive organs of cycadales.
4. Give a comparative account on the male and female gametophytesdevelopment in cycads.
5. Write a detailed account on the 'cycads embryogeny .:
6. Write short answers on the following:

a. Diploxylic leaf traces
b. Megasporophyll of cycads
c. Primitive, characters of cycads
d. Cycads archegonium.
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C·0 N IF ERA L E S

6.0 OBJECTIVES
It is planned to describe the general characters, classification, distribution ofthe members
of the order Coniferales and to discuss the individual families pertaining to the practica'
syllabus briefly.

6.1 INTRODUCTION
6.1.1 General features
6.2 CLASSIFICAnON
63· THEEARLIEST (FOSSIL) CONIFERS
6.3.1 Lebachiaceae
6.3.2 Voltziaceae
6.3.3 Palissyaceae
6.4 MODERN CONIFERS
6.4.1 Pinaceae
6.4.2 Cupressaceae
6.4.3 Araucariaceae
6.5 SUMMARY
6.6 MODEL QUESTIONS
6.7 REFERENCE BOOKS

6.1 INTRODUCTION

Coniferales are a large group comprising a large number of plants distributed in temperate
regions and high attitudes of tropics. The group in general is composed of woody perennial plants.
Their growth habit varies from tall lofty trees as in Sequoia to miniature forms of Dacrydium which
are only a few centimeters in height. In between are' forms which are spreading shrubs such as
Juniperus species. J horizontalis is completely prostrate.

The living conifers show a wide range of geographical distribution. Some .genera are
widespread whereas many .have a markedly restricted distribution and a few species are endemic.
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This indicates the antiquity of the. group, a fact substantiated by the fossil record also. Coniferales'
were predominantin Jurassic period of Mesozoic era. The families Pinaceae and Araucariaceae are
slightly older thanjurassic period. On the other hand, Cephalotaxaceae and Cupressaceae are
slightly younger, having appeared in the upper Jurassic or lower cretaceous. Comparative studies of
the fossil groups and the extant plants made by Florin. and others reveal that different families of the
order Coniferales have evolved from a group of extinct plants which are included in the family
Voltziaceae and are called transition.Conifers. Some of the general characters. of the order are: .

. ·6.1.1 General features

'. iii)

iv)

v)

vi}

. vii)

i) Coniferales are woody perennials showing two types branches namely long shoots or shoots
of unlimited growth and dwarfshoots or shoots of limited growth,

Dimorphismof leaves is shownby the presence of scales and foliar leaves. The foliar
leaves may be needle-like, linear orbroad ..

ii)

. ," . . . .

The tap root system' of conifers is associated with' mycorrhiza which maybe ectotrophic 'or
endotrophic, Endotrophic mycorrhizal association. is present only in. the members of .the .
family .Araucariaceae. . . . . . ,

. The wood is picrioxylic. Secondary xylem consists oftracheids, ray and xylem parenchyma.
Fibers· arc absent.: Xylem' parenchyma is absent in Araucaciaceae, scarely present in
Pinaceae.and abundantinPodocarpaceae, Taxodiaceae and Cupressaceae. .

Reproductive structures are found in unisexual compact cones or strobili. The female cone
. is basically compound structure consisting of a cone axison.which few to many bractscales
are spirally arranged. Each bract scale, in its axil either subtendingor fused with, contains'
one ovuliferous scale (secondary fertile axis with sterile and fertile appendages) which in
turn bears two or more (rarely one) adaxial ovules. The male cone is simple and consists of'
a cone axis on which' few to many microsporophyllsare spirally arranged. Each'
microsporophyll bears two or more abaxial sporangia ..

Pollen grains are either winged or non-winged, dispersed by wind with non-motile male
gametes.

Embryo may bedi or polycotyledonous.

6.2 CLASSIFICATION

, I·

According to Sporne, the order Coniferales/is divided into 9 famiHesof.whlchthree are.. . .. - . -rt . .' .. " ..
.complete fossil families and the remaining six fam~ies~~onstitute modernconifers, Thelfuee fossil ,
families are: . '.
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i) *Lebachiaceae with genera such as Lebachia, Ernestiodendron, Walchia, Walchiostrobus,
.Carpentieria and Buriadia (?)

ii) Voltziaceae with Pseudovottzia, Voltziopsis and Ulmannia.

Iii) Palissyaceae with Palissya and Stachyotaxus -.

The modem conifer families are:

ij Pinaceae with genera such as Abi~s, Pseudotsuga, Picea, Larix, Cedrus.Pinus and Tsuga.

. ii) Taxodiaceae with Sequoia, Sequoiadendron, Metasequoia, Taxodium, Cryptomeria,
Sciadopitysand Athrotaxis.

iii) Cupressaceae with Cupressus, Chamaecyparis, Thuja, Juniperus.iCaltitris, 'dibocedrus
and Papuacedrus.

\,.

-'
IV) Podocarpaceae with Phyllocladus, Daerydium, Podocarpus, Saxegothaeci,
Microcachrys, Microstrobos and Acmopyle.

v) Cephalotaxaceae with Cephalotaxus, and vi) Araucariaceae withAgathis andAraucaria.

. .

6.3· THE EARLIEST (FOSSIL) CONIFERS

6.3.1 Lebachiaceae (Fig. 6.1)

.The earliest conifers are members of Lebachiaceae. These are from late carboniferous and
early permian deposits. At one time, the two genera Lebachia andf:rnestiodendron were included
in the single genusWalchia until it was realized that they could be distinguished by their stomata.
For specimens in which stomatal details can not be seen, it is convenient to speak of all the three'
genera as 'thewalchias'. They were restricted to North America, Europe and Asia. In contrast to
Cordaitales they branched in a very regular and. characteristic manner. Theyinfact looked very
much like modem Araucari'a heterophylla ~. the Norfolk Island pine in which the main branches.'
were in whorls of five or six on the trunk, while the secondary branches were iti two rows arranged
.in a distichous fashion. The leaves on the ultimate branches were spirally arranged and were needle
likeor scale-like with a pointed apex (Fig. 6.1 A), but most of those on the trunk and main branches
were of a kind unknown in conifers today, for their tips Were bifid.

InCarpentieria another northern genus kIiownonly from Central Europe and Morocco all
the leaves were forked suggesting a permanently juvenile condition (Fig ..6.11) ..
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Fig, 6.1 A. part of leafy axis of Lebachiapiniformis. BjFeriralecone of L. piniformis. C, fertile short shoot
and bract-scale of Walchia (=Lebachia?) elongatus. D, fertile short (shoot and bract-scale of
Ernestlodendronfiliciforme. E, fertile short shoot of Walchiostrobus sp. F, male cone of L. pinifonnis. G,

-. male sporophyll of L. hypnoides. H, pollen-grain of L. piniformis. I; leafy axis of Carpentieria frondosa.
(All after. Florin)

In the Southern genus Buriadia (from Brazil and India), the leaves were deltoid with
dichotomous venation. Studies on .recently found fertile specimens of Buriadia however suggest
that it was not an early conifer for it had stalked ovules among the leaves. The Walchias were
monoecious, i.e. 'male cones and female cones occurred on one and the same individual. The male. .

cones wereborne singly at the tips of ultimate branches (Fig. 6.1F), while the female cones were
borne either in a similar position or in some species at the tip of penultimate branches (Fig. 6.1B).
The female cones in some respects resemble those of Cordaitales in having bracts which subtended
secondary fertile shoots but instead of being distichous the bracts were spirally arranged with bifid. .

apices. There were further differences in the arrangement of the appendages on the secondary
fertile shoots. In Cordaitales they were spirally arranged whereas in Walchias there was a tendency
towards dorsiventrality. In Lebachia, the sterile appendages were mostly on the abaxial side. This
tendency persisted in all modem conifers extending even to the vascular system of the ovuliferous
scale. Fig. 6.1C shows how in Lebachia elongatus, each fertile short shoot bore several sterile
appendages and one fertile one terminating in a single erect ovule. Ernestiodendron filiciforme
(Fig. 6.1D) was markedly different in having several fertile appendages and no sterile ones. Some
species of Walchiostrobus were intermediate with several fertile and several sterile appendages and
some are of interest in having had reflexed ovules (Fig. 6. IE), another feature that has persisted in
many modem conifers. The ovules give indications that the integument was formed by the fusion
of two halves i.e., was bilateral in symmetry. There are indications that the integument was free
from nucellus but whether it has vasculature or not is not known.

The male cones of the Lebachiaceae were radically different from those of the Cordaitales
and from the female cones for they were simple strobili with a main axis bearing spirally arranged
inicrosporophylls. This is true also in all subsequent conifers fossiland recent with the possible



IACHARYA NAGARJUNA UNIVERSITY -5 - CENTRE FOR DISTANCE EDUCA TION\

exception of some species of Podocarpus, but unfortunately no intermediate fossil types are known
which might link these simple strobili with the compound cones of Cordaitales. There is thus a
very serious gap in our knowledge in tracing the phylogeny of conifers. The male sporophylis-of
Lebachiaceae had unforked apieces and they bore two microsporangia (Fig. 6.1G). Their pollen
grains (6.1H) had abaloon like air sac which completely surrounded the body of the grain, except at
the distal pole.

6.3.2 Voltziaceae

By the upper permian, the Lebachiaceae members became extinct and were replaced by the
Voltziaceae whose female cones showed greater dorsiventrality in the fertile 'dwarf shoots.

D~G~
:V~A4G I

~

~

Fig. 6.2 Voltziaceae and Palissyaceae. Voltziaceae, Adaxial view of fertile short shoots from cones of:
A, Pseudovoltzia Deb/ana; B, Ullmannia Bronnii; C, Voltziopsis africana.

Palissyaceae. Cone-scale complexes of: Stachyotaxus elegans CD, l.s.; E, adaxial view; F, side view) and
I Palissyasphenolepis (G, I.s.; H. side view). (All after Florin)

Fig. 6.2A illustrates the fertile dwarf shoot of Peudovoltzia as seen from the adaxial side with its
five sterile appendages and three fertile ones, each with a single reflexed ovule. In Ulmannia, the
corresponding structure showed extreme reduction and fusion (Fig. 6.2B), as the fertile shoot
contains just a single spathulate sterile structure (possibly homologous with the five sterile
appendages of Pseudovoltzia) and one fertile appendage with a reflexed ovule. Voltiziopsis (Fig.
6.2C) although from slightly more recent deposits (Triassic) was nevertheless at a lower stage of
evolution in having five fertile appendages as well as five sterile ones. Moreover, its ovules were
erect.

The arrangement of the fertile dwarf shoots of the Voltziaceae with their sterile and fertile
appendages is clearly comparable with, that in Lebachiaceae and while the Voltziaceae were not
necessarily the ancestors of modem conifers, they indicate how all except the Cephalotaxaceae may
have originated.
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6.3.3 Pahssyaeeae
, , ,

These belong to Mesozoic era and were probably more akin to Ernestiodendron, lacking
.sterile appendages (Fig. ,6.2 D-F} Thus' Stachyotaxus from tile late triassic of Europe and
Greendland had two ovules on the fertile dwarf shoot which was Iused to the subtending bract,
while Palissya (Fig. 6;2 G & H) of Jurassic age had about 10 ovules on each fertile shoot. Florin
suggests that among rnodern.conifers, the arrangement found in the.Cephalotaxaceae is comparable
with that in Stachyotaxus for although there is no sign of fusion between the fertile shoot and the
subtending.bractin this family,the ovules art!borne in pairs on fertile shoots which are completely
without a sterile portion. The' affinities of this family of modem conifers therefore lie with
Ernestiodendronrather than with Lebachia.

6.4 MODERN CONIFERS

Modem conifers are made up of about 566 species belonging to nearly 52 genera, classified
into six families on the basis of morphological characters such as arrangement of leaves, bracts,
ovuliferous scales,'microsporophyllsetc., degree of fusion of ovuliferous scale and subtending bract

, to form' a' cone-scale complex, number of pollen-sacs .on.each microsporophyll, number of ovules
on each ovuliferous scale. The tallest trees in theworldareinfact conifers. One specimen of
Sequoriasempervirensoeusg over 112 m high and theoldest living trees are specimens of Pinus
aristataover 4000 years old growingin the mountains of California.

Morphologists have searched for evidence of primitiveness such as the presenceot
centripetal wood, .but apart from the cotyledons ot'Cephalotaxusand cladodes of Phyllocladus, the
male cones of Saxe got hea and 'the ovuliferous scales ofAralicaria, the. conifers are found to be
uniformly endarch in their stem and leaf. anatomy, 'Indeed, compared withunost other
gymnosperms, the conifers are relatively advanced and it is significant that the group is universally
siphonogamous i.e., fertilization is by now-motile sperms conveyed to the egg by a pollentube.

The most primitive wood among living .conifers is that .of' Arahcariaceae which first
appeared in Triassic while the fossil woodoftheAraucarian type goes back to the paleozoic. The
tracheids have multiseriate.pitting, with the pits crowded and polygonal in outline. The woodrays
are homogeneous, without resin ducts and are made upofthin-walledcells with no pits either on
the radial or the tangential walls. The first fossil wood with heterogeneous rays (i.e.consisting of
ray parenchyma cells and ray tracheids) did not appear until Cretaceous and this feature is therefore
regarded as relatively advanced. The most advanced wood of allIivinggymnosperms is that of
Pinus with heterogeneus rays containing resin ducts lined with thin-walled cells; the ray cells being
pitted. However, in some other aspects thePinaceae are relatively primitiveamong conifers, There
is no clear distinction between tunica and corpus in the apical meristemofPinuswhileAraucaria
has a well marked tunicatwocells thick in some species and further more has clearly stratified
flanking regions, Central mother cells are absent from Pinus and many other conifers except
Pseudotsuga, Sequoia andAraucaria.Most of the Pinaceaeare like Pinus in lacking a tunica and
this .is true also of the Taxodiaceae, the Cupressaceae and the Podocarpaceae. The phloem .of
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conifers like that of other gymnosperms is without companion cells. The seive cells have seive
areas confined to the radial walls and these. are also large parenchyma cells with abundant starch
and with large nucleus. lsxPinus, there are two kinds of phloem ray, onedyingwiththerestof the
phloem, the other starch filled and surviving long after the death of the phloem; ,

, ,

The roots of conifers are commonly diarch, although even pentarch roots occur insome
species: Ectotrophic mycorrhizal associations with fungioccur through out except in Araucariaceae.
'where the fungus is endotrophic and podocarpaceae members are peculiar in possessing root-
"nodules rather like those of, the .Leguminosae. "TaXodium distichum the 'Bald Cypress, when
growing i~ swampy habitats, develop hollow vertical penumatophores which may-be as much as 1
m high and 30 em across: '

On the whole, the conifer l~aves are small and ,in some 'genera reduced to small scales.
However, in young plants the juvenile leaves are awl-shaped. These may appear sporadically even
on much older parts of the plant. By contrast, the leaves of Podocarpus and Agathis may be as long
as 30 ern and 17 em respectivelyand as wide as 5 em. Most conifers are evergreen and in
Araucaria, the leaves may persist and remain green for as long as 15 years, but Larix, Pseudolarix,
Taxodiumeaui Metasequoia are peculiar in being deciduous, shedding their leaves each autumn.

No one family of coniferales is primitive in .all respects, all show varying combinations of
primitive and advanced 'characters. In this lesson of the' six families present only three families" '
which are included in the practical syllabus are described in' detail, .they being, Pinaceae,

, Cupressaceae and AraucaI'iaceae.' ' ,

6A..l Pinaceae

. . . -.:

This is essentiauy a northern family and consists of ten genera and over 200 species. It is
the largest family of conifers, and also important economically for it provides most of the soft wood
timber.' The Pinaceae are characterized by spirally arranged parts, ovuliferous scale free from the
bract scale, ovules two per scale, pollen sacs two, pollen mostly with two air bladders.

In the genus Pinus, there are about ninety species. In all these species..there are two types of
branches, long shoots and short shoots, the' foliage leaves being confined to the latter except in
young seedlings. According to species, there are two, three or fiveneedle-shaped leaves in a cluster
at the apex of each short shoot (Fig., 6.3C) but there are also scale leaves which DC,Cur,on the long
shoots, and it is in their axils that both long and short shoots arise. Female cones take the place of

,long shoots and take two years to complete their development. On the main axis of the cone are
minute spirally arranged bract-scales, 'each subtending anovuliferous scale which bears two'
reflexed ovules (Fig. 6.3D and E). The bract scale grows much more slowly than the ovuliferous
scale and in the mature cone is relatively minute. Fig.6.3F illustrates the appearance of the cone
scale complex at the stage of pollination (early spring). The ovule is monotegmic. The integument

• ; ~ • ,A I ;.

"
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Fig. 6.3 Pinaceae. Pinus sylvestris: A, female cone after shedding seeds, and B, before; C, short shoot with
,two needle-leaves; D-H, ovuliferous cone-scale complex (D, abaxial; E, adaxial; F, l.s. at pollination; G, I.s.
'at fertilisation; H, adaxial view, with two mature seeds). Pinus nigra: I, male sporophyll in abaxial view .
. ptfius coniora; J, group of male cones. Abies balsamea: K, pollen-grain, showing air-bladders and five
.nuclei. Embryogenesis: L-R, stages in embryo-development of Pinus sylvestris.

(1, ovuliferous scale; 2, bract-scaie; 3, two prothallial cells; 4, sterile cell; 5, spermatogenous cell; 6, tube-
nucleus; 7, U tier; 8, R tier; 9, Stier; 10, E tier; 11, secondary suspensor)

CA, B after Willkomm; D, E~H, Melchior, Melchoir and Werdermann; F, L-P; Coulter and Chamberlain;
G, Priestley and Scott; I-K, Chamberlain; Q, McLean and Cook; R, Buchholz).

is fusedto the nucellus except at the apex and there is a single linear tetrad of megaspores, of which
only the lower most is functional. Within the megaspore, free nuclear divisions occur until some
2000 nuclei have been formed, but it is not until a year later that the prothallus becomes cellular and

'archegonia are formed (Fig. 6.3G). Usually there 'are three archegonia, but occasionally only one or
"as many as five, each consisting of an egg cell, a ventral canal cell and short neck composed of two
tiers of four cells.

Pinus is monoecious and the male cones take the place of short shoots being crowded
together (Fig. 6.3 I) in a manner which invites comparison between the whole group and a single. .

female cone. Each cone bears spirally arranged microsporophylls (Fig. 6.3A). There are two large
air-sacs which probably assist the pollen grain to float to the nucellus for there is a drop mechanism
and the micropyle is incli~ed downwards. A further division of the generative cell, gives a sterile

.cell and a spermatogenous cell, the latter then giving two non-motile sperms, However, it is not
until a year after pollination the pollen 'u '1e actually reaches the archegonium and sheds the male
cells into the 'eggs Fig. 6.3K shows the 1[jJearance of the pollen grain at the five celled stage, the
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spermatogenous cell apparently standing on a stalk. Indeed until very recently, the sterile cell was
termed the stalkcell and the spermatogenous cell the body cell, the latter being thought as the body
of a stalked antheridium.· The successive divisions of the male prothallus ,in various conifers are

. illustratedin Fig. 6.4 where the terminology is that suggested by Sterling.

Stages inthe embryology of Pinus are illustrated in Figs. 6.3 L-R. The' zygote divides twice
. to give four nuclei which migrate to the chalazal end of the archegonium before dividing again to
form two tiers of four cells (Fig. 6.3M).Both tiers divide once more to give four tiers (Fig. 6.3,0),
described from below upwards as the embryonal (e), suspensor (s), rosette (r), and upper (u). This
arrangement is peculiar to the Pinaceae, for the rosette tier behaves as a suspensorin other conifers.
The cells of the 'u' tier are peculiar in being without an upper wall and are sometimes called 'open
cells. Their nuclei soon degenerate, while the cells of the'S' tier elongate to forma suspensor,
which pushes the 'e' tier down into the female prothallus (P & Q). The cells of the'e' tier divide
further into. the prothallus (R). This splitting process results in' what is called cleavage
'Polyembryony', in some species of Pinus, this is brought about by the development of extra
embryos from the rosette cells. However, only one embryo normally reaches maturity in anyone
seed.

Up to S in Po<locarpaCiGC
&. up to 40 in Araucaria .
";,, ~"'",I/,' .: ,,~,,' .: ~' #'~ .I',.
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Fig. 6.4 Stages in development of the male prothallus in conifers.
A: Pinaceae, Podocarpaceae and Araucariaceae, B: Cephalotaxaceael Taxodiaceae and most Cupressaceae.

At maturity, the female cone is brown and the ovuliferous scales are woody (Fig. 6.3B).
However, some slight amount of growth is still possible, and this causes the scales to spring apart
(Fig. 6.3A), thus releasing the ripe seeds. These are winged, the wings being formed from the
adaxial surface of the ovuliferous scale (Fig. 6.3 H), and not therefore strictly part of the seed at all.

There are ten species of Larix and four of Cedrus all of which are like Pinus in showing
long and short shoots. The leaves are not confined to the short shoots alone but are scattered along
the long shoots also.
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Fig. 6.5 Pinaceae. Picea abies:' A, mature female cone; B, male cone; C,embryogenesis. Pseudotsuga
Menziesii: D, female cone; E, F, young and old conescale complex, in adaxial view; G-J, stages in
embryogenesis.Larix decidua: K, shoot with young leaves, male arid female cones; L, cone-scale complex;
M, young ovule (diagrammatic showing stigma-like development of micropyle, with wingless pollen-grains
adhering). .

(I, ovuliferous scale; 2, bract-scale; 3, young leaves;4, Female cone; 5, male cone)
(A, B, K, L, after Willkomm; C, J, Buchholz; D-F, Eichler; G-I, Allen; lVI,Doyle)

-. '. .
In Larix (Fig. 6.5K), the short shoots bear terminal tufts of leaves that are renewed each. . - .

year, whilein Cedrus, there are successive false whorls of leaves on them. In the young female
cones of Larix, the bract is larger than the ovuliferous scale, but in the mature cone it is hidden (Fig.
6.Si-). By contrast the bracts of Cedrus are minute through out.

In Abies (Silver Firs) there are 46 species while in Picea (Spruces) 40 species, Tsuga
(Hemlocks) 10 species and Pseudotsuga. (Douglas Firs) T species. In all these genera, there is no
differentiation into long and short shoots. Abies is immediately recognised by the disc like scars
which arc left when the leaves are shed. Picea on the other hand have peg-like projections which
are left by the falling leaves, and its cones are characteristic in being pendulous at maturity (Fig.
6.5A) .. The cones of Abies lose their scales, but the cone axis remains attached. The bracts of Picea
are minute, but those of Abies may even protrude beyond the ovuliferous scales. In Pseudotsuga,
the bracts are much larger, throughout than the ovuliferous scales and have trifid apices (Fig. 6.5 D-
F).

Although the cones of Picea are pendulous at maturity, they are .erect at the time of
pollination, so that the pollen grains float upwards in the micropylar: fluid towards the nucellus as.in
Pinus. However, in the other genera of Pinaceae no fluid is secreted and in Cedrus, Tsuga and
Pseudotsuga, the cone is not geotropically oriented. With the loss of a drop-mechanism, the air
bladders tend to be lost too and in some genera there is a stigma-like development of the micropyle.
In Larix, where there are no air-bladders, there is.a cushion-like stigmatic outgrowth from one side
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of the micropyle (Fig. 6.5M). However, by some unknown process the pollen finds its way into the
micropyle. In some species of pseudotsuga, the pollen is capable of germinating even when not in

. contact with the nucellus and the same is true of Cedrus where there is a one-sided flange on which
the pollen alights. Some Tusga species are remarkable in exhibiting germination of pollen grain on
the adaxial face of the ovuliferous scale, the pollen tube growing along the surface until it can enter
the micropyle. Araucaria is the only other conifer which shows the same behaviour.

Pinus is unique among the Pinaceae members in taking longtime for pollen to germmate.
In Abies, only 4-5 weeks lapse between pollination and fertilization. In many genera, the generative
cell has already divided before pollination as a result of which there arefive cells within the pollen
.grain when it is shed. Another feature of interest is the two male gametes are of unequal size in
many genera. In these gene, the archegonia are widely separated and anyone pollen tube is capable
of enterining only one archegonium. In members where the two male gametes are of the same size,
the archegonia are usually close together and two may be fertilized by one and the same pollen tube.

Cleavage polyembryony occurs in Cedrus and Tsuga as well as in Pinus and also occurs
occasionally in Abies. In Picea, Larix and Pseudotsuga, the four'e' cells divide several times to
form a multicellular mass. which then differentiates into a single embryo (Fig. 6.5 C and J). The
basic chromosome number in Pinaceae is 12 except for Pseudotsuga where it is 13.

6.4.2 Cupressaceae

In this family, 2L genera are present of which 11 are monotypic. The total number of
. ,'ecies are about 148. It is an interesting family in that half the genera are northern and half
southern in distribution (Fig. 6.6). In all the members, the arrangement of parts isarranged in an
opposite and decussate manner or in whorls and there is pronounced fusion between the ovuliferous
scale and the bract scale. The ovules are invariably erect (Fig. 6.6 0) and they vary in number from
3-20 (rarely 1 or 2) per scale. Likewise, there is variation in the number of pollen sacs from 3-:-6
(rarely 2). In some genera, the cone scales overlap (e.g. Thuja) but in others they are valvate (e.g.
Cupressus, Fig. 6.6 N) and they may even be fleshy (e.g. Juniperus; Fig. 6.6 J & K) but in general,
it may be said that their female cones are built up in the same basic way as' that of taxodiaceae i.e.
they are arranged spirally bract and ovuliferous scale almost free when young but extensively fused
in the mature cone ovules 2-9 on each ovuliferous scale. The pollen grains are without air-bladders
and there is a well developed drop mechanism. The glistening drops of fluid can readily be seen
with the naked eye because of the erect position of the ovules. The nucleus. of the pollen grain
functions as a generative nucleus, there being no male prothallial cells and in many genera, the first
division is delayed until after pollination. In some species of Cupressus (e.g. C. sempervirens), the
spermatogenous cell divides rapidly and repeatedly to produce upto 20 male gametes, but elsewhere
only two male gametes are formed (Fig. 6.6 B). These are equal in size i~ some genera but unequal
in others and associated with this difference, a single pollen tube m~y branch and enter two .
archegonia or remain unbranched and enter only one.
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. Fig. 6.6 Taxodiaceae, Cupressaceae and Cephalotaxaceae,
Taxodiaceae. Sequoiadendron giganteum: A, shoot with female cone; B, l.s. cone-scale complex. Sequois
sempervirens; C, male sporophyll; D, cone-scale with ovules; E, embryogenesis. Taxodium distichum: F,
female cone; G, Ls. cone-scale complex. Cryptomeria japonica: H, abaxial side of female cone-scale
complex, I, l.s. cone-scalecomplex,
·Cupressaceae,Juniperus:J, female shoot of J communis; K, female cone ofJ drupacea; L,l.s. female.
cope of J communis; M, male cone of J communis. Cupressus: N, female cone of C. sempervirens; 0,

. cone-scale of C. lusitanica, inadaxial view; showing numerous erect ovules.
Cephalotaxaceae, Cephalotaxus harringtonia: P, mature female shoot; Q, yourg female shoot; R, l.s. ovule
and bract-scale. .

(1, ovuliferous scale; 2, bract-scale)
(A, S, D, F, K, N, P, after Eichler; B, G, I, Hirmer; E, Buchholz H, Goebel; J,M, Berg and Schmidt;

L, Aase; 0, Zimmermanna; Q, Pilger; R, Sinnott).

Among the northern genera are Cupressits (20 sps) with scale like leaves and
Chamaecyparis (6 sps) also with scale like leaves but with flattened branch systems. Varieties of.
the latter with persistent juvenile leaves have sometimes been placed in a separate genus
Retinospora, but there seems to be little justification for this. Thuja (5 sps) is also northern and like
fhe preceding genera has a markedly discontinuous distribution patterri. Juniperus (70 sps)
however occupies a continuous broadbelt round· the northern hemisphere. The female cones are
berry-like and distributed by birds. In some species, the cones are extremely reduced and in the
Microbiota section there may be just a single cone scale with a single ovule. In the· Oxycedrus
section of the genus, the ovules are displaced laterally, so that they appear to alternate with the cone

31)
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scales (Fig. 6.6 L). However, in the Sabina section, the ovules are placed quite normally in relation
to the cone scales. The leaves in some species are scale-like, although there are always juvenile

, leaves somewhere on the plant, while in other species all the leaves are of the juvenile type (Fig, 6.6
J).

Among the southern genera are Callistris (15 sps) confined to Australia, Tasmania and,'
Newcaledonia and Libocedrus (5 sps) confined to New Zealand and New Caledonia. Papuacedrus
(3 sps) occurs in New Guinea and does 'infact just extend across the equator into the northern

" hemisphere.

Embryogeny is fairly uniform in Cupressaceae. The zygote: divides three times, giving rise
to eight free nuclei, wall formation then occurs and a further nuclear division gives' three tiers.
However, in Cupressus sempervirens wall formation takes place at the four nucleate stage. The
middle tier in a three tiered embryo represents thesuspensor, secondary suspensors also occur in the
Chamaecyperis and Cupressus, but they are absent from Thuja. Embryogenesis in Juniperus
presents some peculiar features. In a 12'-celled pro-embryo, all the 8 cells below the open'u' tier
elongate to give what is sometimes called a suspensor unit The lowermost cells then become
lobed. Lobed and unlobed ends then intertwine to form a compact knot-that bores its way into the
gametophyte. The tubes that have penetrated further then cut off terminal cells which give rise to
multicellular embryos.

The basic chromosome number is remarkably uniform in all the members of the family
examined .i.e, n = 11.

6.4.3 Araucariaceae
. .

This family is an extremely old one, as its fossilrecord extends back to Triassic represented
both in northern and southern hemisphere. Agathis (Kauri Pines -20 sps) and,,Araucaria (16 sps)
are the only living representatives Araucaria araucana is the familiar monkey puzzle and A.
heterophylla is the Norfolk Island pine. Agathis is exclusively eastern extending from Philippines
to New Zealand and from Malaya to Fiji, whereas Araucaria occurs in South America as well as in
Australia, New Guinea and New Caledonia.

The leaves of Araucariaceae are relatively large and may be retained for many years, the leaf
bases expanding as the branch bearing them enlarges. The leaves and the appendages are spirally
arranged although the main branches are whorled as in Lebachia. Agathis is usually monoecius and
Araucaria dioecious. The female cones are almost spherical and those ofAraucaria Bidwillii may
be as much as 30 em in diameter, but those of Agathis australis {Fig. 6.7A) seldom exceed 6 em.
The ovuliferous scale is intimately fused with the bract scale except in Araucaria where the tip of
the ovuliferous scale is free and constitutes the so called ligule (Fig. 6.7 D & F). There is normally
only one reflexed ovule on each cone scale.
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Fig. 6.7 Araucariaceae. Agathis australis: A, shoot with female cone; B, C, stages in embryogenesis,
Araucaria: D, E,~o!1e-scale of A. Bidwillii (D, I.s.; E, adaxial.view); F, cone-scale of A.araucana, in side
view. G,polkn-grain of A. Cunninghamii; H, I, male sporophylls ofA. angustifolia (H; side view; I,
adaxial view).· . . .. .' .... .... ..• .

(1, ligule=ovuliferous scale;2, tube-nucleus; 3, spermatogenous cell; 4, sterile cell; 5, prothallial cells; 6,
. " . suspensor cells; 7, cap-cells).

(A,aft~r Poole and Adams; B, C, Eames, adapted by Chqwdhuri; D, Hirmer; E, F, Pilger; G, Chamberlain;"
, H, I, Eichler). .

The male, cones of Araucaria rulei may exceed 20 em in length and each microsporophyll
bears many pollen sacs. In Agathis,there are 5-15 while in Araucaria 8-15 (Fig. 6.7 H & I). The
output of pollen grains is as high as 10,000,000 according to Chamberlain. The pollen grains are
without air bladders.' Large number of extraprothallial cells are produced (Fig. 6.7 G) J340 in
Araucaria. and 610 in Agathis. The pollination mechanism is considered to be relatively advanced.

, ,
There is no drop mechanism at all instead the pollen deposits on the cqnescale(inAraucaria on the
ligule) and the pollen tube grows towards the ovule whose nucellus has a beak projecting through·
the micropyle. There is some controversy as to whether' the male gametes are unequal in size but in
view of the fact that there is only one archegonium in each ovule, only' one male gamete can
function. "

. .';

.In embryogeny, Araucariaceae differ markedly from all other conifers. Free nuclear ,.
divisions of the zygote take place until there are about 32 nuclei in Araucaria or upto 64 in Agathis
and they are peculiar in being grouped together in the centre of the egg cell. Cell walls are then laid
down and the cells are arranged in such a way that there isa central group with two tiers surrounded
by an outer jacket (Fig. 6,7 B). The upper cells of the jacket elongate and become the suspensor
while the lower jacket cells form a cap of unknown function (Fig. 6.7C). The suspensor cells
divide once, elongate and project through the apex of the archegonium in Agathis. The upper of the .
two central tiers of cells gives rise to the secondary suspensor and the lower the embryo, there being
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no cleavage polyembryony at an. Of course, simple polyembryony is also absent as there is only a
single archegonium. The basic haploid number in Araucariaceaeis 13.,

':', , .

6.5 SUMMARY

The general. characters of the order coniferales, classification' according to sporne, fossil
.coniferales, modern conifers and a brief account of families: Pinaceae, Cupressaceae and
Araucariaceae are described. A comparative study of earlier and modern conifers revealed that each
familyof coniferales shows some advanced and some primitive characters. Some characters which
indicate primitiveness without dispute are: . .

. a) a well developed female cone,

b) bract scale free from the ovuliferous scale,

c) wi.tged pollen,

d) male prothallial cells numerous,

e) shoot apex with mother cells without separation .into tunica and corpus,

f) prolonged free nuclear phase in early embryogenesis,

g)

h)

i)

a

absence of cleavage during late embryogenesis,

presence of high chromosome. number,

presence of homogeneous wood rays.

On the basis of these characters, it is possible to make a rough assessment of relative .
primitiveness of the membersof the order coniferales. The most primitive family appears to be
Podocarpaceae .. However, there is a wide range in this family, the Stachycarpus section is
considered to be extremely primitive while the Dacrycorpussection is clearly more advanced. The
Pinaceae, Cephalotaxaceae and Araucariaceae occupy an intermediate position while the most
advanced families appear to be the Cupressaceae and Taxodiaceae.

6.6 MODEL QUESTIONS

1. Write about the general characters and classification of the order Coniferales.

2. Give an account of fossil conifer families.

3. Describe in brief the salient features of the family Cupressaceae.
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'4. Write short notes on:

a)Yb!tziaceae
" b)'Maleand female cones of Pinus. '

c) Embryogeny in Araucariaceae. '
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INTRODUCTION
• j

. .~

The order Gnetales of class Gnetopsida comprise three genera, viz., Gnetum, Ephedra and
Welwitschia belonging to families Gnetaceae, Ephedraceae and Welwitschiaceae respectively
(Spome, 1965). This group of plants have got immense importance showing a connected link
between gymnosperms and angiosperms. Presence of naked ovules borne in cones is considered as
gymnosperm character whereas presence of flower-like shoot on which ovules and microsporangia
are borne and presence of vessels in the xylem are considered to be angiosperm characters.
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However, the ovules are enclosed within coverings additional to the true integument, which are
sometimes considered to be the equivalent to ovary walls. A common character find in all these
three genera is the prolongation of inner integument into a long narrow tube with apollen chamber
in which pollen is collected. .

General characters of Gnetales with special referenbe to Gnetum have been discussed in this
chapter. .,

7.2 DISTRIBUTION

The genus Gnetum consists of 30-35 species which are trees, shrubs and woody climbers.
The climbers are predominating in this genus. About four species are distributed in the tropical
regions of the world, especially West Africa to the Amazon region. The species G: scandens is a .
large climber, growing in Asia and in the Western Ghats of India. The leaves are net-veined (Fig.
7.1), large, oval and entire and these are borne on the branches of unlimited growth. Branches of
limited growth bear scale leaves on the shoot.

L.EAF BASIC /

. MIDRIB r"
PETIOLE ,

INTERNODE II

'B
NODE

A

Fig. 7.1 Gnetum gnemon. A, a twig with opposite and decussate leaves;
B, a leaf showing reticulate venation

The genus Ephedra, consists of 35 species distributed in the new and old world. In India, E.
intermedia, E. foliata, E. gerardiana and E. nebrodensis are available in the Kashmir and North-
West Himalayas, Punjab and Rajasthan. They are shrubby plants with green, long, jointed, slender
branches bearing scale leaves (Fig. 7.2).
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A

Fig. 7.2. A-C. Ephedrafoliata
A, bushy nature of the plant; B, C, twigs bearing male and female cones respectively

The genus Welwitschia is a monospecific (w. mirabilisi. It is a remarkable living plant
confined to the desert region of South-West Africa. It was first discovered in Angola in 1860 by
Frederic Welwitsch. Most of the stem is burried in the sandy soil; exposed portion ismassive,

""I woody, concave disc with two huge strap-shaped leaves (Fig. 7.3).
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Fig. 7.3 A, B. Welwitschia mirabilis.
A. Plant with opposite strap shaped leaves.

B. Central part shows woody concave disc. (A After Van Willart 1985. B after Rodin 1953a).

7.3 ANATOMY

a) Stem

There is a distinct tunica-corpus organization of shoot apex found in Gnetum. Tunica
undergoes anticlinal divisions only; wheteas corpus divides periclinally, as a result, the volume is
increasing. The corpus comprises 2-3 layers of sub-apical initials, central mother cell zone,
flanking layers and rib meristem. .

Anatomy of stem is similar to that of angiosperms. There is a ring of collateral endarch
\ vascular bundles separated from one another by broad medullary rays. Towards outside there is a
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broad cortex (Fig. 7.4). The epidermis is single-layered with thick cuticle and sunken stomata.
The endoderrnis and peri cycle are inconspicuous. The wood is composed of a large number of
tracheids and a few vessels. The phloem consists of sieve cells without companion cells and
phloem parenchyma. The pith is parenchymatous and become lignified in older stems.

In tree species such as G. gnemon, the secondary growth is normal. In climbers such as
G. ula and G. africanum, a new cambium differentiates from inner part of the cortex and gives rise
a normally oriented ring of xylem and phloem wedge-shaped bundles separated by medullary rays.
Like th'is new cambia are formed successively; some cambia may remain incomplete, which results
in an eccentric arrangement of the rings (Fig. 7.4), or an eccentric position of the pith. In G. ula,
these cambia are extrastelar in origin.

B

.. .. " .. '.. " ... -."
.'.....::::~::.; :. .. ~:/.:;~::}::,:::::

c

Fig. 7.4. A-C. Gnetum ula.
-, A, B Transection of young and old stem to show accessory (A) and eccentric (B) rings of vascular bundles.

" \ C. Vascular bundles from A. scl sclerenchyma. (After p, Maheshwari and V. Vasil 1961a),

l The xylem consists of tracheids with highly tapering ends,' vessels and xylem parenchyma.
The vessel with simple perforation plate is more common in the -late metaxylem, especially in the
secondary xylem. Besides, vessels with scalaroid (vertical row of circular perforations in G.
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>,

r
/

montanumi, scalariform (row oi transversely elongated perforations in G: gnemon) and foraminate
(round perforations in alternate or horizontal rows) perforation.plates are found (Biswas and Johri,
1997). >

, .
The medullary rays are quite massive. They show considerable width and height. In T.L.S.

multiseriate- rays appear boat shaped with many lignified cells. ' Besides these, short biseriate or i

uniseriate rays, few to several cells deep, are also present (Fig. 7.5). .

..
I,

. ,
~.~

Fig. 7.5 Gnetum ula
A. TLS part of stem showing a long, biseriate medullary ray,

B. Portion of multiseriate ray showing lignified cells.
',' <, C,D. Short uniseriate rays, two to several cells deep
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In Ephedra, vessels with foraminate perforation plates have been observed. These vessels
originate from the pitted tracheids.

In Welwitschiamirabilis vessels with simple perforation plates have been .observed.
Occasionally, vessel members have pores in paris, or rarely a foraminate plate has three pores.

,The presence of various' types of vessels in Gnetales partially explains the connecting link
between gymnosperms and angiosperms. There is a generally accepted view that angiosperm
vessels have evolved from. tracheids with sclariform thickenings whereas Gnetalean vessels have
evolved from pitted tracheids. It is' quite clear here by the occurrence of vessels that show
intermediate stages between pits and perforations, or between many perforations and single ,
perforation. !

,

., It is also quite evident that vessel with border pitted end wall has undergone many ;
morphological specializations in the course of evolution and resulted into vessel with simple
perforation plate. These morphological specializations are: (1) the vessel element increase in size,
both length and breadth, (2) the bordered pits on the end walls increase in size, (3) the border of the
pit reduces; (4) the middle lamella and torus disappear thus forming a circular perforation plate, and
(5) these perforations enlarge and fuse to form a single large perforation.

(b) Leaf

-e'

The Gnetum leaf lainina is large,
entire with reticulate venation and gives a
typically dicotyledonous appearance. There
is a, well-marked cuticle on epidermis.
Mesophyll is differentiated into palisade
and spongy parenchyma. The vascular
system consists of collateral bundles, the
xylem faces the upper and the ,phloem the
lower side of the leaf (Fig. 7.6). The sunken
stomata with syndetocheilic development
(both guard cells and subsidiary cells drived
from a single meristemoid) are found in
Gnetales (Fig. 7.7 A-C).

UPPEREPIDERMIS
UPPERPALISADELAYER

~~PHLOEM

~"XYLI:M

Fig. 7.6. Gnetum sp. T.S. of leaf.

c) Root
'In cross section, the root shows epiblema, cortex, endodermis, pericycle and a diarch

vascular region. The xylem elements in the roots are larger than those in the stem.
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Fig. 7.7. Gnetum ula. .
A-C. Epidermal peels from lower epidermis of leaf' r--------~-------------__,
showing stomatal initial (A), division of stomatal
initial. to form guard cells (B) and mature stomata
(C). D,E,G. Sclereids from outer- envelope of an
ovule. F. Same,' from perianth of male flower (after
Maheshwari & Vasil, 1961a).

c

A

,!4.~It"';""~ANrHERS

Fig. 7.8 Gnetum sp. Structure and development
of male strobili.

A, a twig with male cones; B, a young male cone; C,
a portion of male cone showing male flowers; D,
mature male cone; E, a- portion of male cone with
dehiscing flowers; F, enlarged cones with male
flowers and ovular ring .•.

o

I.

All the members of Gnetales are
dioecious. . The male. and female strobili
consist of a stout axis (inflorescence axis).
This spike-like inflorescence axis contains
nodes and'internodes. At the node a pair of
deccussatebracis fuse together and form the
cup-like. structure vknown as cupule or
collar. At the .abaxial side of the collar,
male and femat~ flowers are arranged in
whorls (Fig. 7.8).

A

7.4 REPRODUCTION

YOUNG
MALE CONE

.
STALK

E
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a) Male Strobilus

There are 3-6 male flowers develop basipetally above the collar. A single ring of abortive .
ovules also occur above the flowers. The male flowers in different rings are arranged alternatively
'(Fig. 7.8 C, E, F).

~.: :."

.A male flower consists of a stalk (sporongiophore) bearing two unilucular anthers enclosed
:',. 'in a-perianth, In Ephedra unilocular anthers are variable in number. In Welwitschia six

sporangiophores are present. On maturity, the stalk elongates and pushes the anthers (through an
opening in the perianth) beyond the collars of the cone (Fig. 7,.9). Frequent presence of sclereids
'have been reported in the perianth (Fig. 7.7 D-G).

ANTHERS

FREE ANTHERS

A B

Fig. 7.9. Gnetum sp. Male flowers, A, Band D, male flowers of G. ula in different views;
C and E, male flower of G. gnemon.

b) Microsporangium and Microsporogenesis

In a young anther, archesporial cells are differentiated in hypodermal position. They give
rise multicelled archesporium (Fig. 7.1OA, B, C) by undergoing repeated cell divsions. The
outermost layer of archesporium divides periclinally and differentiates into the parietal cells and
the inner layer cells into sporogenous tissue. The parietal cells again divide to produce an outer
wall layer and the tapetum (Fig. 7.10 C). The narrow tangentially elongated wall layer cells
become compressed during meiosis of the microspore mother cells. The tapetal cells rich in dense
cytoplasm and binucleate nature, are increased in their size. Eventually, the wall layers and
tapetum are absorbed for providing nourishment to the growing pollen grains.

The epidermis develops thickenings and it is persistent in the mature sporangium which
dehisces by a median longitudinal slit. The epidermal cells living the slit are thin-walled.

The sporogenous cells undergo repeated divisions to form microspore mother cells that
contain dense cytoplasm and prominent nuclei. Prior to meiosis, a special mucilaginous wall is
secrted between the protoplast and the mother cell. As a result of meiosis, rnicrospore mother cells
give rise tetrads. As the microspores enlarge, the callose wall is gradually absorbed, the original
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wall breaks down and finally young microspores are released.' Gradually rnicrospore wall
differentiates into a thick, spiny exine and a thin intine (Fig. 7.10 D-G).

c) Male Gametophyte

The mature pollen grains are liberated at the 3-celled stage (Fig. 7.10 D-G). These three
cells find in mature pollen grain are: (i) generative cell responsible for formation of two male
gametes, (ii) tube cell which gives rise pollen tube, and (iii) prothallial cell. Microspore nucleus
divides to give rise a small lens-shaped prothallial cell and a large antheridial initial. The
prothallial cell rounds up and does not undergo any further division. The antheridial initial divides
forming a antherial cell and tube cell. Since there is no stalk cell in Gnetum, the antheridial cell
directly functions as generative cell. Tube cell gives rise tube in which generative nucleus enters
and undergo division to give rise two male gametes in later stage. The prothallial cell eventually
degenerates.

'~

c
o

ai

pc

\ E F G

Fig. 7.10. Gnetum gnemon (ai, antheridial initial; are, archesporial cell, epi, epidermis, m, microspore, pc,
prothallialcell; SC, spermatogenous cell; sp, sporogenous tissue; tap, tapetum; tn, tube nucleus).
Microsporogenesis and male gametophyte. A. LS very young male flower to show few hypodermal
archesporial cells. B. Same, at a later stage; primary parietal layer has been cut off, above sporogenous
tissue. C. Pan of sporangium showing degenerating tap~tal cells and a few microspores. D.; Microspore
mother cell. E. Microspore tetrad. F. Two-nucleate pollen grain. G. Mature, three-nucleate pollen grain' at
shedding stage. . , . ,
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d) Female Strobilus

Similar to male strobilus the female strobilus also possesses an axis which bears collars
arranged one above the other. Just above the collar about 4-10 ovules are found, arranged in a ring
(Fig. 7.11). The ovules are dimorphic. The smaller ones are eventually degenerated. a single large
ovule is representing the female flower.

ABORTING OVULES

A B c
Fig.7.11 Gnetum sp. Structure and development of the female strobili and seeds.

A. young female cone; B, old female cone; C-D, still older female cones with seeds.

\ \ Megasporangium and Megasporogenesis

The ovule is borne on a very short stalk. Ovule has got three envelopes; only the inner one
is integument. The outer envelope differentiates first, often called perianth and it becomes
succulent at maturity. It has got abundant Sc1ereids (Fig. 7.7 D-G). The inner envelope is nextto
arise and it is also called as inner integument (Fig. 7.12). The apical part is formed into tapering

Fig. 7.12. Gnetum gnemon (fg, female
gametophyte; fl, flange; ie, inner envelope; int,
integument; nu, nucellus; oe, outer envelope; vt,
vascular trace). A. LS ovule to show outer and
inner envelopes, integument and well developed
nucellus; the integument forms the micropylar
tube. The female gametophyte is at the free
nuclear stage. B. Same, upper part only. The
outer epidermal cells of the integument divide to
produce a circular rim or flange around the tip of
inner envelope (after Madhulata, 1960).

A B
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ring-shaped rim. The major part of the strong layer of the seed coat is formed by the fibrous
elements and sclereids of this envelope. The inner integument is lastly formed and is fused with.
the nucellus in the lower part. It elongates considerably into micropylar tube (also called 'style')
projecting beyond the apical cleft of the outer envelope. This exposed part of inner integument
starts degenerating before or at the time of pollination.

Prior to meiosis in the megaspore mother cells, some nucellar cells below them divide to
form a tissue, known as 'Pavement tissue' in which cells are arranged in radiating rows. The
pavement tissue provides nourishment to the growing female gametophyte at the chalazal region.
A pollen chamber develops at the apical portion of the nucellus.

In early stages of megasporogenesis, generally two to four archesporial cells are
differentiated in the hypodermal region of the nucellus. These archesporial cells divide periclinally
forming parietal cells towards outside and primary sporogenous cells towards inside. The parietal
cells together with nucellar epidermis produce a massive nucellus. The primary sporogenous cells
divide to form 8-16 sporogenous cells.
These sporogenous cells are linearly
arranged and function as megaspore mother
cells (Fig. 7.13 A-E).

f) Female gametophyte

The megaspore mother cell gives
rise to four megaspore nuclei by meiotic
division. Since no walls are laid down
after meiosis I and II (Fig. 7.13 F-J), a
tetranucleate coenomegaspore is produced.
All these four nuclei move towards the
periphery of the coenomegaspore. Hence
the development of the femae gametophyte
is tetrasporic. The only other gymnosperm
showing tetrasporic development is'
Welwitschia.

Fig. 7.13. Gnetum sp. A-J successive stages in the
development of coenomegaspores,
megaspore mother cells and female gametophyte.

ARCHESPORIAL
CELLf

ARCHESPORIAL
CELLS·

F
CCENOMEGASPORES

81NUCLEATE FEMALE
PARIETAL GAMETOPHY'fES

CELL

o
BINUCLEATE FEMALE

GAMETOPHYTE
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AS the female gametophyte develops, a large vacuole appears in the centre (Fig. 7.14 -A-C) and
nuclei in the peripheryundergo repeated divisions. When the free-nuclear divisions continue, the

. gametophyte in the upper part widens and contains ~ vacuole, whereas in -its lower . ,

Fig. 7.14. Gn~tum sp. Development of female}
gametophyte, A-F, free nuclear division stages;

G-H, development of two and three female
gametophytes respectively; I, V_So of ovule;

J, an abnormal female gametophyte. -7

part accumulates cytoplasm. Later the
gametophyte becomes elongated. In this
process, female gametophyte acquires the shape
of an inverted flask (Fig. 7.14 D-J).

An outstanding feature of the female
gametophyte is the absence of archegonia, a
feature Gnetum shares with Welwitschia. When
the pollen tube makes contact with female
gametophyte, one or more free nuclei in the
dilated part become differentiated into eggs.
These egg nuclei can be demarcated from other
nuclei by their large size and dense staining ..
The gametophyte becomes cellular in its upper
portion soon after one of the eggs is fertilized.

H
EMBRYO

g) Pollination and Fertilization

The pollen grains germinate in the pollen chamber. The pollination takes place when the
female garrtetophyte shows 250 nuclei in G. ula and 32 or64_1'1ucleiinG. gnemon. The pollination
drop, rich in sugars, is exuded at the tip of the micropylar tube and collects pollen. Pollen grains
are sucked into micropylar canal (Fig. 7.15) and lodged in the pollen chamber. At the time of
pollen germination, the exine is cast off. The pollen tube is elongated and travelled almost half the
length of the nucellus. The spermatogenous cell moves into the pollen tube and divides into two
equal male gametes in G. gnemon and G. ula and come to lie near the tip of the pollen tube .:

J
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MICROS?ORES
PROTHALLiAL

CEll

GNETALE~

Fig. 7.15. Gnetum sp. Germination of pollen grains.
A, portion of anther with microspores; B, pollen grains germinating in micropylar canal; CoD, germinating
pollen grains; E, germinated pollen grain showing pollen tube, prothallial cell and tube nucleus.

During fertilization, one of the male
nucleus fuses with egg and forms the zygote. It is
spherical in shape and densely cytoplasmic. The
othet male nucleus is non-functional and later
degenerated (Fig. 7.16).

Fig. 7.16. Gnetum sp. Different stages of fertilization,
A, male and female gametes in close contact; B,
elongation of many pollen tubes, inside the female
gametophyte; C, formation of zygote after fusion.

h) Endosperm formation

ZYGOTE

POll.EN TUBE

TUBE
NUCLEUS

EGG NUCLEUS ..L.--\-Y<i'::<';l

Although the cellularization begins before fertilization, a part of the gametophyte .remains
free nuclear. Wall formation results in multinucleate compartments (Fig. 7.17). The nuclei in each
cell fuse to form a single polyploid nucleus. It is observed that polyploid cells are produced at the
chalazal end of the gametophyte before fertilization, but only uninucleate cells are produced after
fertilization. Entire female gametophyte becomes cellular forming endosperm after fertilization
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Cytologically this endosperm is haploid, quite different from the endosperm of the angiosperms in
which endosperm is triploid.

I

I

I

A

Fig;7.17. Gnetum sp. Development of endosperm.
A-B, female gametophyte in longitudinal sections; C,
a portion of multinucleate endosperm; D, uninucleate

and multinucleate chambers.

i) Embryogeny

TWO-CEllED
ZYGOTE

'-;\0
PRIMARY

r» SUSPENSQRSI
'TWO-CELLED,

I ZYGOTE •

r-----------------------------~,
Fig. 7.18. Gnetumsp. Development of

embryo (early stages). A, vertical section
of female gametophyte; B, two celled
zygote; C, a zygote with two primary

suspensors: D, two zygotes developing
together. "

Various researchers reported the both free-nuclearandnuclear divisions followed ·by a W&l1
formation in the zygote. Several zygotes are usually formed in the female gametophyte .

.According to Madhulatha (1960) in G. gnemon, the zygote produces one or two protuberrances
which grow down towards the endosperm tissue. This protuberance further develops into a tubular
structure and becomes septate to form several uninucleate cells. Later this tube becomes branched
and develops the suspensor or proembryonal tubes which grow towards the endosperm-tissue (Fig.
7.18). \

According to V~~il(1959), the primary suspensor tube cuts a cellknown as 'Peculiar cell' (Fig.
7.19). Generally the seeds are shed at this stage. -Further development of embryo takes place in the
soil after being detached from the plant. Now peculiar cell divides to form 2 cells. These two cells

,
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divide tQJorm eight-celled embryo (Fig. 7.19 E, F). Later irregular divisions takes place and give
rise amass of cells. Some of the cells found towards the primary suspensor tubes become
elongated and develop into secondary suspensor. The secondary suspensor system is very
prominent and it pushes the developing embryo deep into the endosperm. After the formation of
secondary suspensor system, the primary suspensor system becomes ceased to function.

Fig. 7.19. Gnetum sp. A-F, formation of peculiar cell and its further division.

The growing embryo is conical in shape
with shoot apex at the tip of the cone. On either
side of it, two cotyledons are formed. The root tip
is differentiated at the opposite end. After the
differentiation of shoot and root apices, there is a
'feeder' developed in between the two apices (Fig.
7.20 C, D). it shows differentiation into epidermis,
cortex, vascular bundles and pith. .The feeder is
very prominent in mature embryo and usually
longer. than the hypocotyl. Feeder is absent in
Ephedra. Polyembryony is common feature in
Gnetum (Fig. 7.20E). Polyembryony occurs due to
the cleavage of the embryonal mass and budding of
the primary and secondary suspensors. However,
only one embryo survives and remaining ones
degenerate.

(!) ps

' i

A

E c'

Fig. 7.20. Gnetum gnemon (e, embryonal cells; emb, embryo; f, feeder; h, hypocotyl; ps, primary suspensor
tube; r, root). A,B. Formation of cellular mass at the tip of primary suspensor tube; the latter has also
become multicellular. C. LS mature embryo showing a well developed feeder which is much longer than the
embryonal axis. D. Embryo just prior tp germination()E. Polyembryony; note the development of additional
embryos from primary suspensor tube, (after Sanwal, 1962). . '.(.j
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-m.<~,&+--pc
m~~~c\-no

A

j) Seed and Seed germination
"

The mature seed is oval or elongated and green to
red -in colour. The nucellus represents a thin strip at the
apex; the endosperm is massive, surrounded. by' three-
layered seed coat. The outermost envelope (sarcotesta) is

•green and succulent and it is free from base ~o apex. The
middle envelope (sclerotesta) is hard and protective. The
innermost integument (endotesta) is fused with die nucellus,
Ii projects out beyond the riucellus. The endosperm lies
with the innermost integument. All the three envelops of
seed coat are suppliedwith vasculature. However. seed has
got ~woenvelops in Ephedra (Fig. 7.21) and Welwitschia.

Fig. 7.21 'Ephedra 'sp. LS female cone showing two well
developed ovules each showing two envelopes, apollen chamber,
long tapering female gametophyte bearing two archegonia with
long, prominent necks. [after Narang, 1956] (arch; archegonium,
br, bract;fg, female gametophyte; hs, hypostase; int, integument; ..
mt, micropylar i tube; nc, neck cells; nu, nucellus; oe, outer
envel<;>pe;pc, pollen chamber), ,

'-- __ ~ .~ ___.J. The seed germination in Gnetales' is epigeal.
Initially root along with its cap comes but and gradually -develops into a: tap root system. Later
hypocotyl el.o~gates and pushes th~ two cotyledons out-of the seed. The stern tip becomes enlarged
and develop apair of plumu,lar leaves' (Fig. 7.22). Feeder remains inside the seed.

C
ACCESSORY EMBRYO'

HYPOCOTYL

FiOOTS

<;:OTYLEOONS

Fig. 7.~2,. Gnetum sp. A-G, successive stages
in seed germination
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7.5 COMPARISON OF CHARACTERS OF GNETUM, EPHEDRA AND WELWITSCHIA

A comparison of various characteristics of three genera (Gnetum, Ephedra and
Welwitschia) is given in Table 7.1.

Table 7.1. Comparative account on Gnetum, Ephdra and WelwitSGhia

Gnetum Ephedra Welwitschia
"- .

It.confined to ,the desert:1 It grows in humid tropical Usually grown in dry regions,
and sub-tropical regions, distributed in new and old . region of South-West Africa
especiallyWest Africa to worlds; in India, Kashmir,
the Amazon region, North-West Himalayas, Punjab
Western ghats iri India. and Rajasthan

2 Angiosperm-like < A xerophyte, bushy in It resembles a giant turnip or
appearance appearance; stem shows ridges an enormous woody carrot, or

and furrous with minute scale giant octopus
leaves at the nodes

3 Stern shows abnormal Stern shows normal secondary Presence of accessory cambia '
secondary growth due to growth and annual rings in the resulted into several
formation Ofaccessory secondary wood incomplete rings of secondary
cambia, resulted into eccentric . bundles
rings of vascular tissues

. -e

4 Photosynthesis carried out Photosynthesis carried out by Photosynthesis by leaves
by leaves . stem

5 'Vessels are of angiosperm Vessels with perforation plates Vessels with simple
type. with large simple (end wall) possessing both perforation plate, rarely with
perforation plates bordered pits and perforations forarninate plates

6 Leaves with reticulate Leaves with parallel venation Leaves with numerous
venation (dieot like) , (monocot like) longitudinal veins connected

. with smaller, obliquely
oriented veins

7 Leaves large' and Leaves small and scale like; Large strap-shaped leaves.
photosynthetic mesoparacytic (Rubiaceous) - Mesoparacytic (Rubiaceous)-

type stomata type stomata
8 Dorsi-ventral leaves with Isobilateralleaves without Isobilateralleaves with~

palisade and spongy photosynthetic tissue and . massive hypodermal fibre
parenchyma vascular tissue bundles

9 Dioecious, male and female Normally dioecious but Dioecious
strobili present monoecious and even

hermophrodite flowers present
10 Each male flower bears two Each male flower bear's 1-8 Each male flower is

,unilocular microsporangia micro sporangia. bisporangiate

,

--
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Gnetum Ephedra Welwitschia

11 Microspores liberated at 3- Microspores liberated at 5-celled . Microspores shed at 3-celled
nucleate stage (a prothallial stage (l51 prothalIiaI ceIl, 2nd stage.rephimeral prothallial cell,
cell, a generative cell and tube prothalliaI, nucleus, a stalk a generative cell and a tube cell).
nucleus) nucleus, a body nucleus and a

tube nucleus).
12 Female flower represented by Ovule surrounded by two Ovule surrounded by two

a single ovule; it remains envelopes envelopes
surrounded bv three envelopes

13 Tetrasporic development of Monosporic development of Tetrasporic development of '
female gametophyte female zametoohvte female gametophyte

14' Archegonia absent in female Archegonium with longest neck Archegonia absent in female
gametophyte and massive; 2 or 3 archegonia gametophyte

<, per ovule
15 After fertilization, female Female gametophyte becomes Female gametophyte becomes

gametophyte remains free- completely cellular before the cellular before fertilization;
nuclear in the upper part and fertilization; pavement tissue pavement tissue absent
becomes cellular in the lower absent. !

part; pavement tissue occurs at
the base of female ' .

gametophvte
16 Only one male gamete is In certain cases, the second male Only one male gamete is

functional and no double gamete fuses with the ventral functional and rio double ..

fertilization nucleus causing double fertilization ,
fertilization

17 Zygote nucleus undergoes Zygote undergoes free-nuclear Zygote undergoes divisions
divisions followed by wall divisions upto 8-celled stage of followed by wall formation
formation embryo

18 No proembryos formed; the Zygote divides to form about 8 Proembryo later develops into
zygote directly gives rise to proembyros, they later develop embryo; primary and , ,
several primary suspensors into embryos; each of the secondary suspensors are
at the top of which develops embryo possesses its own formed.
the embryonal mass. primary and secondary

suspensor
19 Embryo develops feeder Feeder absent Feeder present

which is nutritive in

Ifunction and persistant for a
long time ..

20 Seed germination is delayed No rest period during seed Seed germinates and gives
after being shed form the germination rise seedling which has been
plant variously described as a

persistent seedling, a seedling
arrested in development, and
adult seedling.
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7.6 INTEitRELA TIONSHIPS (AFFINITIES)

A preliminary survey of 58 characters' revealed that Gnetales share more than 60% of the
charact~rs with angiosperms and merely about 30% with gymnosperms.

The ovule of Gnetales has multiple nucellar envelops, unlike other gymnosperms (possess a
single integument only). These are interpreted as integumentary structures homologous with the
outer integument of an angiosperm. Entomophily in Gnetales is rather an evolutionary progress
from the primitive gymnospermous mode of anem~phily. It is more economical and probably more
effective and reliable form of pollination.

Eames (1952) opined that the Ephedra is nearer to Cordiates and conifers than to
Welwitshia and Gnetum.

Ephedra also differs from Gnetum and Welwitschia in some embryological characters, such
as: (1) presence of stalk cell in male gametophyte, (2) rnonosporic female gametophyte, (3)
presence of alveoli during ~al1 formation, (4) well-developed archegonia, (5) specialized type of
proernbryogeny, (6) absence of feed§f.· According to spome (1965) Ephedra occupies a position
isolated from the other two taxa, and may have had a completely different origin ..

Gnetum and Welwitschia are more closely related to one another though they are widely
,-' .

differed from each other in form and habitat. Both are shared some important features such as their
general anatomy, the form of male and female strobili, their garnetophyte and development of
embryo.' These two genera cannot be separated from Ephedra because all the three have many
common features such as presence of vessels, compound male and female strobili, and the presence
of a long micropyle.

a) Wi.th Gymnosperms

All these three genera, especially Ephedra have got relationships with other gymnosperms.
these areas follo'w:' '

(1) Presence of prothallial cell in the male gametophyte.
(2) Presence of naked ovule.
(3) Occurrence of free-nuclear divisions in the female gametophyte.
(4) Prsence of archegonia in Ephedra and archegonial initial in Welwitschia.
(5) Like Bennettites, the fibrous layer at the base of the ovule forms a cup-like structure in Gnetum

africanum; also occurrence of fibr6us and palisade layers in the middle envelope is similar to
Bennettites. .
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b) With Angiosperms

According to Arber and Parkin (}907), Gnetales are closelyrelated to angiosperms; both
groups derived from common stock, viz. Hemiangiosperms. The j-haracteristics similar to

.angiosperms are as follow:'
, .

(1) Presence of broad leaf with reticulate venation is strikingly angiospermous.

(2) Mesoparacytic (Rubiaceous) type of stomatal development.

(3) All the six main types ofsclerieds which are known in angiospermshave been reported in
Gnetum. '

(4) Presence of vessels; there.is a striking siffiilaritie;, between perforation plates of Gnetum and
angiosperms such as Paeonia, Cydonia and Vitis.

(5)
I

Though there is absence of co~panion' cells ih Gnetales, but the.sieve cells are associated with
ontogenetically unrelated parenchya cells (in angiosperms both sieve tube and companion
cells are ,derived from the same cambial initial), Sieve cells assocaited with ontogenetically
unrelated parenchyma 'cells were also reported in the primitive angiosperm such as
Austrobaileya scadens. Thus, -the phloem of Gnetales also closely 'approaches the. ,
angiospermous taxa.

(6) The tunica-corpus organization of shoot apex i'n dnetum is similar to that of angiosperms.
, "

(7) Small bracts occurred at the base of stamens or ovule of Gnetum are considered as perianth of
angiospermic flower. ' .. ,

(8) Presence of stamens with a filament and 1 or.Z anthers. ,

(9) Presence of archegonia in Ephedra but there is no separation wall between egg and venter
canal cell. In Welwitschia there is an only one archegonial initial and in Gnetum archegia are
completely absent. This character seems to be approaching to angiosperms,

(10) Inner integ~ment of the 9netalean ovule can be compared to the ovary that produces the long
style in angiosperms. The micropylar tube in Gnetales resembles thestyle of angiosperms.
However, micropylar tube lacks. vascular supply in Gnetales.

(11) Development of female gametophyte (embryo sac) is tetrasporic.

(12) Occurrence of free nuclear divisions in embryo sac is similar to that of angiosperms.

(13) Endosperm.,cpmpletes its dev,e.lopment after fertilization.
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(14) Absence of free nuclear divisions in Gnetales shows its close approachness towards
angiosperms.

(15) Embryo with two cotyledons.

All these above features show that the group Gnetales is approaching towards angiosperms.
But this group is not ancestor of angiosperms. Both Gnetales and angiosperms would have
originated from the common ancestor. The Gnetales possessing the angiosperm characters, can be
considered as a phylogenetic ally advanced among the gymnosperms. .

7.7 SUMMARY

Gnctales, an important order of Gnetopsida is considered as facinating group of
gymnospe~s. The genera of Gnetales approach more nearly to the angiosperms than 00 any other
gymnosperms. The note-worthy features of this order are: 1) presence of vessels in the secondary
wood; 2) the-arrangement of the flowers in compound strobili; 3) the presence of perianth in male
flowers and ovules; '4) the great 'length of micropyle. The detailed account on the three genera
(Gentum, Welwitschia and Ephedra) with regard to their comparative morphology, anatomy,
reproduction and interrelationships, is presented in this lesson. .

7.8 KEY TERMS

i) Double fertilization. One of the two male gametes in angiosperm embryo sac merges with
egg: nucleus to form zygote. The other one undergoes fusion with polar nucleus to form a
triploid. primary 'endosperm nucleus is called double fertilization.

Epigeal germination: Seed germinating on the surfac~:':of.the ground... ii)

iii)

iv)"

v)

vi)

vii)

viii)

ix)

~...
Liane: A woody climbing plant.

Perforation plate: The remains of the end walls between two adjacent vessel elements that
form an opening.

Perianth: The envelop formed in a flower by either calyx or corolla.

Polyploidy: , A 'condition' of .an individual which' possesses more than two sets of
.chromosornes'in its nuclei.

Syndetocheilic stomata: .Stomata in which guard cells and subsidiary cells arise from the
same initial.

Tunica-corpus: The differentiation of -apical meristem into peripheral layer called tunica
and inner mass of cells called corpus. . .

Xerophyte: A plant adapted to physiological drought and desert environment.
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7.7 MODEL QUESTIONS

Essay Questions:

1. Write a detailed account on the order Gnetales and its resemblances with angiosperms.
2. Compare the morphological anatomical and reproductive features of the Gnetum, Ephedra and

Welwitschia.
3. Describe the male and female gametophyte development in Gnetales.
4. Write an essay on the embryogeny of Gnetales. Comment on its evolutionary significance.

Write short answer to be the following questions:

1. Secondary wood in Gnetum.
2. Male inflorescence of Ephedra.
3. Ovule in Gnetales ,. \ '
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