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UNIT I: ALGAE

General characters of algae:

> Algae are eukaryotic organisms that have no roots, stems, or leaves.

> They do have chlorophyll and other pigments for carrying out photosynthesis.
> Algae can be multicellular or unicellular.

> Unicellular algae occur most frequently in water, especially in plankton.

Fritsch’s system of classification:
F.E.FRITSCH, well known algalogist of the great Britain,has published two volumes of
books on structure and reproduction of the algae in 1935 and 48.

1.Chlorophyacecae 7.Chloromonadineae
2.Xanthophyceae 8.Euglenophyceae(Euglenineae)
3.Chrysophyceae 9.Phaeophyceae

4. Bacillariophyceae 10.Rhodophyceae
5.Cryptophyceae 11.Cyanophyceae(Myxophyceae)

6.Dinophyceae

Reproduction in Oscillatoria:

Oscillatoria reproduces only be vegetative methods.1. By fragmentation:

It occurs due to accidental breakage of the filament, biting of some .insects or animals.
Filament divides into small pieces or fragments. Each of these fragments is capable of developing
into new individual.

2. By hormorgonia:

Hormogonia or hormogones are short segments of trichome which consists few cells.
Hormogones are formed due to formation of separation discs. These discs are mucilaginous, pad
like and biconcave in shape. These are formed by death of one or more cells of the filament. These
mucilage filled dead cells are also called necridia.

Oedogonium is a genus of filamentous, free-living green algae, first discovered in the fresh
waters of Poland 1860 by W. Hilse and later named by German scientist K. E. Hirn. The
morphology of Oedogonium is unique, with an interior and exterior that function very differently
from one another and change throughout its life cycle. These protists reside in freshwater
ecosystems in both hemispheres and are both benthic and planktonic in nature.BI4BIEIT Forming
algal patches on water's surface, they interact closely with a multitude of other algae.l®! These
filamentous cell's life cycles include both sexual and asexual reproduction, depending on life cycle
stage. Although quite common, Oedogonium is difficult to identify, since key ID factors are only
present during reproduction, which is an uncommon life stage among this
genus.l Oedogonium has been found to be important in the fixation of heavy metals in freshwater
ecosystems.

Habitat and Ecology
Oedogonium resides in freshwater ecosystems and prefers stagnant waters, such as small
ponds, pools, roadside ditches, marshes, lakes, and reservoirs.It grows over a large pH range (7.3-
9.6) and presents a wide tolerance to variation in nutrient type and amount in water. Cells exist
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either fastened to substrate at the bottom of the water system or free-floating within. When free-
floating they form polyalgal patches (mats) on the water's surface to establish a relatively static
habitat. Mats are created by interweaving multiple different algal filaments that are suspended in
a gelatinous matrix. This matrix is a result of secretions by free floating thalli. Benthic cells are
most often juvenile filaments and once matured they tend to let go, float to the top and form the
mats. Oedogonium filaments typically appear during the warmer months, appearing at the end of
June (north of the equator), and throughout July and August are found prevalent in polyalgal
mats. Mats formed by Oedogonium are multi-species, associated with Spirogyra, Rhizoclonium,
and Cladophora. Together these species use holdfast cells to grip one another in order to
photosynthesize. These mats/patches are also known as algal blooms.

(i) Vegetative Reproduction:

Vegetative reproduction takes place by fragmentation and akinete formation.

(A) Fragmentation:

Oedogonium filament breaks into many small fragments which have capability to grow
into complete filaments under favourable conditions.

Fragmentation takes place due to any of the following reasons:

(a) Accidental breaking of the filaments.

(b) Dying or dehydration of intercalary cells.

(c) Disintegration of intercalary cells due to conversion in sporangia.

(d) Mechanical injury to the filament.

(e) Change in the environmental conditions.

(B) Akinete formation:

The akinetes are formed under unfavorable conditions. Akinetes are modified vegetative
cells which become swollen, round or oval, reddish brown and thick walled. These are rich in
reserve starch and orange-red coloured oil. Akinetes are formed in chains of 10 to 40 (Fig. 4).
Akinetes germinate directly under favourable conditions.

Fig. 4. Oedog Chain of aki

(ii) Asexual Reproduction:

Asexual reproduction takes place by means of multi-flagellate zoospores produced singly
in intercalary cap cell. Mostly the newly formed cap cell functions as the zoosporangium.

Several factors control zoospore formation of which high pH and CO2 concentration of
medium and a diurnal rhythm of light and darkness are significant. The zoospores are not formed
in chains and one sterile cell is always present between two zoosporangia.

The cell which functions as zoosporangium gets filled with abundant reserve food and a
slight contraction of the protoplast from the cell wall takes place (Fig. 5 A, B).

The central vacuole disappears the chloroplast frees itself from one end of the cell and
becomes conical. The nucleus comes to lie near this chloroplast. A small lens shaped hyaline
region is formed between the wall and the nucleus. This hyaline bald spot later forms the anterior
end of the zoospore.

At the base of this hyaline area a ring of basal granules appears and from each basal granule
or blepharoplast a flagellum arises. The basal granules are connected to each other by fibrous
strand. A crown of about 30 flagella is formed around the hyaline spot (Fig. 5 C).

The mature zoospore is oval, spherical or pear shaped structure. The zoospore is
uninucleate and contains a ring shaped chloroplast. The zoospore is dark green in colour except at
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the hyaline pointed apical end. A sub apical ring of flagella is present and such flagellation is called
stephanokontic type (Fig. 5 F).

When the zoospore is mature, the wall of the zoosporangium splits near the apical region
and the adjacent cell moves apart to make a gap for the liberation of zoospore (Fig. 5 D).

The mucilage substance is secreted at the base of the zoospore which helps in the liberation
of zoospore. The zoospore comes out of the zoosporangium in a delicate mucilaginous vesicle
which soon gets dissolved and the zoospores are liberated in water (Fig. 5 D, E).

Germination of Zoospore:

After liberation, the zoospore swims for about an hour. Then it settles and attaches itself to
a solid substratum with its anterior end downwards. After attachment flagella are withdrawn and
it starts elongation. The lower hyaline part elongates to make holdfast and the upper part divides
repeatedly to make new filament (Fig. 5 G-I).

(iii) Sexual Reproduction:

The sexual reproduction in Oedogonium is of advanced oogamous type. Sexual
reproduction is more frequent in still waters than in running water. The factors influencing sexual
reproduction are alkaline medium, deficiency of nutrition, light and dark periods and increased
temperature.

The genus Oedogonium exhibits sexual dimorphism because the male and the female
gametes differ morphologically as well as physiologically. The male gametes are produced in
antheridia and the female gametes are produced in oogonia.

Depending upon the nature of antheridia producing plants, Oedogonium species are
of two types:

(i) Macrandrous:

If antheridia are produced on normal size plant, Oedogonium forms are called
macrandrous. Macrandrous species may be monoecious or dioecious. In monoecious macrandrous
species antheridia and oogonia are produced on the same plant e.g., O. fragile, O. hirnii, O. kurzii
and O. nodulosum. In dioecious macrandrous species antheridia and oogonia are produced on
separate male and female plants of normal size.

(if) Nannandrous:

The female or oogonia bearing plants are normal. The antheridia are produced on special
type of small or dwarf plants, known as Dwarf males or Nannandria. The dwarf males are formed
by androspores which are produced in androsporangia.

If androsporangia and oogonia are formed on same plant, the Oedogonium forms are called
gynandrosporous e.g., O. concatinatum. If androsporangia and oogonia are formed on different
plants, Oedogonium forms are called idioandrosporous e.g., O. confertum, O. iyengarii and O.
setigerum. According to some algologists, nannondrous species are more primitive.
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Antheridia:

(i) In macrandrous forms:

The antheridia develop on normal filaments, terminal or intercalary in position. The initial
cell which gives rise to antheridia is called antheridial mother cell. It is normally a cap cell. The
antheridial mother cell divides by transverse division to form an upper smaller cell called
antheridium and a lower larger cell called sister cell.

The sister cell divides repeatedly to form a row of 2-40 antheridia (Fig. 6 A). Rarely the
antheridia are produced singly. The antheridia are broad, flat, short cylindrical, uninuleate cells.
The contents of an antheridial cells divide either longitudinally or transversely into two.

The two antherozoids are positioned side-by-side or one above the other if divisions are
longitudinal and transverse respectively. The antherozoids are liberated in the same fashion as
zoospores (Fig. 6 B). The liberated antherozoids or spermatozoids or sperms are pale green or
yellow green, oval or pear shaped.

The antherozoids are motile about 30 sub-apical flagella present at the base of beak or
hyaline spot (Fig. 6 C). The flagella are sometimes longer than the body of spermatozoid e.g., in
O. crassum and O. kurzii. The antherozoids swim freely in water before they reach oogonia and
take part in fertilization. The antherozoids are similar to zoospores in structure but these are smaller
than zoospores.

Fig. 6. (A-C). Osdogonium. (A) Chains of Antheridia,
(8) Liberation of antherozold or spermatazold, () Antherezoic.

(if) In nannandrous forms:

The antheridia are formed on short or dwarf male plants called dwarf males or nannandria
(Fig. 7 G). The dwarf male filament is produced by the germination of a special type of spore
known as androspore.

The androspore is produced singly within an androsporangium. Androporangia are more
or less similar looking to the antheridia of macrandrous forms and are produced in a similar manner
from a mother cell (Fig. 7 A, B).

The androsporangia are flat, discoid cells slightly larger than antheridia. Each
androsporangium produces a single androspore just as in the case of zoospore. Liberation of
androspore is similar to that of a zoospore. The androspores look similar to zoospore except for
the smaller size. The androspores are motile and have a subpolar ring of flagella.

After swimming about for some time, the androspore settles on oogonial wall e.g., O.
ciliatum or on the supporting cell e.g., O. concatenatum. The androspore germinates into a dwarf
male or nannandrium. Germlings at one celled stage may divide and produce two antherozoids
e.g., O. deplandrum, O. perspicuum (Fig. 7 C-G).

3. Ootopomin, Soopmt o smemsten. 4. 8. Moo eone e

The nannandrium or dwarf male can be a few cells long. It has a basal attaching cell the
stipe and all others cells are antheridial cells. In many cases cap is present at the top of the apical
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antheridium. The protoplasm of each antheridial cell divides to form two sperms or antherozoids
which are similar to antherozoids of macrandrous species.

According to lyengar (1951) the antheridium of nannandrium produces single antherozoid.
The antherozoids are released by disorganization of antheridial cell or through the opening.
Pascher considered the nanandrous forms as primitive and macrandrous as specialized but a large
number of phycologists consider that nannandrous species have been evolved from macrandrous
species.

Oogonia:

In Oedogonium the female sex organ oogonia are highly differentiated female gametangia.
These are mostly intercalary but sometimes can be terminal e.g., O. palaiense.

The structure and development of oogonium is identical in macrandrous and nannandrous
species. Like antheridia any freely divided or actively growing cap cell functions as the oogonial
mother cell. The oogonial mother cell divides by transverse division into two unequal cells, the
upper cell and the lower cell.

The upper larger cell forms oogonium and the lower smaller cell function as supporting
cell or suffultory cell. In some species the oogonial mother cells directly forms the oogonium.
Supporting cell is absent is O. americanum. If any of the two divided cells again functions as
oogonial mother cell many oogonia are formed in chain.

In monoecious species the suffultory cell may divide to form antheridia. The upper cell
contains more cytoplasm, food and enlarges into spherical or flask shaped oogonium. The
oogonium also secretes growth hormones which induce suffultory cell to increase in size (Fig. 8
A-C).

The protoplast in oogonium metamorphosis’s into a single egg or oosphere. The oosphere
is non-motile, green due to chlorophyll and has a central nucleus. As the ovum matures, the nucleus
moves to periphery, the oosphere retracts slightly from the oogonial wall and develops a hyaline
or receptive spot just outside the nucleus. The receptive spot receives antherozoids for fertilization.

At receptive spot a pore is formed by gelatinization of wall in proliferous species and a
transverse slit is formed in operculate species. In both species a thin membrane is deposited on the
inner node of the exit which functions as a channel leading down to ovum. In some species a
mucilage drop is extruded through opening to attract antherozoids.

In macrandrous monoecious species, where antheridia and oogonia develop on the same
plant, the Oedogonium species are protogynous i.e., the development of oogonia takes place before
development of antheridia to ensure cross-fertilization.

Fertilization:

The mature egg secretes chemical substance or mucilage to attract antherozoids or the
antherozoids may enter oogonium through the slit. The antherozoids swim through the opening of
oogonial wall and enter the egg through hyaline receptive spot (Fig. 8 D-F). Only one male
antherozoid is able to fuse with ovum.

After plasmogamy and karyogamy the male nucleus and female nucleus fuse to form a
diploid zygote nucleus. The zygote secretes a thick wall around itself and forms oospore. The
colour of the oospore changes from green to reddish brown. The oospore is liberated by the
disintegration of oogonial wall.

Structure of oospore:

The oospore is globular reddish brown structure. The oogonial wall is made of three and
sometimes two layers.



The outermost layer may be smooth in some cases but in most cases it is ornamented with
pits, reticulations, spines, ribs or flanges. The ornamentation of oospore is of taxonomic
importance. The oospore is red in colour due to accumulation of red oil. Oospore contains a diploid
nucleus and cytoplasm rich in proteins.

Germination of oospore:

Oospore is a resting spore but sometimes it can germinate directly. The period of rest for
oospore may be a year or more.

According to Mainx (1931) the zygote may require chilling before germination. The
diploid oospore nucleus undergoes zygotic meiosis to form four haploid nuclei before germination.
The diploid oospore divides to form four haploid daughter protoplasts. Each daughter protoplast
metamorphosis into a zoospore also called as zoomeiospore.

The zoomeiospores are liberated in a vesicle (Fig. 9 A). Soon the vesicle disappears and as
in asexual reproduction the zoospores develop to make Oedogonium plants.

In some cases out of four nuclei a few may degenerate forming less than four
zoomeiospores. In heterothallic forms e.g., O. plagiostomum, two swarmer’s give rise to male and
the two swarmer’s give rise to female plants. Under certain conditions meioaplanospores are
formed instead of zoomeiospores (Fig. 9 B, C).

Fig. 9, (A-C). Oedogonium. Germination of cospore.

In Oedogonium the thallus is haploid and the life cycle is haplontic type. The diploid stage
in life cycle is only zygote. It occurs for a short period. The zygote or oospore undergoes meiosis
to make four meiozoospores which again form haploid Oedogonium thalli. The variations in life
cycles of Oedogonium are due to macrandrous and nannandrous nature of Oedogonium species.

Macrandrous Forms:

Oedogonium macrandrous species can be monoecious or homothallic, if antheridia and
oogonia are produced on same filament

Oedogonium macrandrous species can be dioecious or heterothallic if antheridia are
produced on male plants and oogonia are produced on separate female plants. (Fig. 12).

Nannandrous Forms:

The nannandrium or dwarf male plants are produced by germination of androspores which
are produced in androsporangia. In gynandrosporous nannandrium forms the androsporangia and
oogonia are formed on same filaments (Fig. 13, 14).

In idioandrosporous nannandrium forms, the androsporangia and oogonia are formed on
different plants.

Occurrence of Polysiphonia:

Polysiphonia is a large genus with about 200 species. The genus is represented in India by about
16 species found is southern and western coasts of India. Some common Indian species are P.
ferulacea, P. urceolata and P. variegata.
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Most of the species are lithophytes i.e., found growing on rocks. Some species are
epiphytic, found growing on other plants and algae e.g., P. ferulacea grows on Gelidium pusillum.
P. variegata grows on the roots of mangroves. Some species are semi parasitic e.g., P. fastigiata is
semiparasiite on Ascophyllum nodosum and Fucus.

Thallus Structure of Polysiphonia:

The thallus is filamentous, red or purple red in colour. The thallus is multi-axial and all
cells are connected by pit connections hence, the name given is Polysiphonia. Due to continuous
branching and re-branching the thallus has feathery appearance (Fig. 1A). The thalli may reach the
length of about 30 cm.

The thallus is heterotrichous and is differentiated into a basal prostrate system and erect
aerial system.

The prostrate system (Fig. 1B) creeps over the substratum. Its functions are attachment of
the thallus to the substratum and perennation. In many species of Polysiphonia e.g., in P.
nigrescens, the prostrate system is well developed and multi-axial in structure. In some species
e.g., in P. elongata and P. violacea the multi-axial prostrate system is absent.

The mature spermatangium is a globular or oblong, unicellular structure. Its cell wall is
differentiated into three layers, inner refractive middle, gelatinous and outer thick layer. The
uninucleate protoplast of spermatagnium forms a male gamete or spermatium. The spermatium is
non-motile and is released through an apical pore in the spermatangium (Fig. 4 C).

Alternation of Generation:

The life cycle of Polysiphonia exhibits triphasic alternation of generation. In the life cycle
three distinct phases occur.

These are:

1. Gametophytic phase.

2. Carposporophyte phase.

3. Tetra sporophyte phase.

Polysiphonia is dioecious plant. The male gametophytic plants and the female
gametophytic plants are distinct. The haploid male gametophytic plant bears sex organs
spermatangia which produce haploid spermatia. The haploid female gametophytic plant bears sex
organs carpogonium.

The fertilization takes place in situ and diploid zygote nucleus is formed. The zygote
develops in second phase of life cycle, the carposporophyte is dependent upon female
gametophytic plant. The carporophyte is um shaped structure and forms diploid carpospores in
carposporangia.The carpospores germinate to make diploid tetrasporophytic plants. The
tetrasporophytic plant bear tetra sporangia.

The diploid tetra sporangial nucleus divides meiotically to form four haploid tetra spores
which again make gametophytic male and female plants. In life cycle of Polysiphonia two diploid
phases carposprophyte and tetra sporophyte alternate with one haploid gametophytic phase. The
life cycle of Polysiphonia can be called as triphasic diplobiontic with isomorphic alternation of
generation.

Economic importance of Algae

These eukaryotic marine organisms have no roots, flowers and stem. It plays important role in
alkaline reclaiming which is used as soil binding agent. They are economically important in a
variety of ways which are discussed below:



1. Food: Algae are healthy source of carbohydrates, fats, proteins, and vitamins A, B, C, and
E as well as the minerals like iron, potassium, magnesium, calcium, manganese, and zinc.
Hence, people of countries like Ireland, Scotland, Sweden, Norway, North and South America,
France, Germany, Japan, and China uses it as the food ingredient from the centuries.

2. Fodder: Algae are also used as the fodder to feed livestock such as cattle and chickens.

3. Pisciculture: In fish farming, Algae plays very important role because it helps in the production
process. Fish used plankton and zooplankton as a food. It helps in maintaining the health of the
marine ecosystem because algae are naturally absorbent of carbon dioxide and also provide oxygen
to the water.

4. Fertilizer: Algae are rich in minerals and vitamins. So they also used as liquid fertilizer which
helps in the repairing level of nitrogen present in the soil.

5. Reclaiming Alkaline: Blue Green Algae helps in the reduction of high concentration of
alkalinity in the soil.

UNIT -1
General characters of fungi

1. Fungi are eukaryotic organisms means they have true nucleus which are enclosed in

membranes.

They are non-vascular organisms.

They do not have vascular system. Xylem and Phloem are absent.

Fungi have cell walls (plants also have cell walls, but animals have no cell walls).

There is no embryonic stage for fungi.

They reproduce by means of spores. There are sexual and asexual spores. Sexual spores are

Oospores, Zygospores, Ascospores, Basidiospores, etc. and Asexual spores are

Sporangiospores, Aplanospores, Zoospores, Conidia, etc. Depending on the species and

conditions both sexual and asexual spores may be produced.

7. They are typically non-motile.

8. Fungi exhibit the phenomenon of alteration of generation. They have both haploid and diploid
stage.

9. Fungi are achlorophyllous, which means they lack the chlorophyll pigments present in the
chloroplasts in plant cells and which are necessary for photosynthesis.

10. The vegetative body of the fungi may be unicellular or composed of microscopic threads
called hyphae.

11. Hyphae can grow and form a network called a mycelium.

12. Yeasts are unicellular fungi that do not produce hyphae.

13. The structure of cell wall is similar to plants but chemically the fungi cell wall are composed
of chitin .

2.Classification of Fungi by V. C. J. Alexopoulos and C. W. Mims (1979):

R

Later, C. J. Alexopoulos and C. W. Mims (1979) placed fungi and slime molds under the
kingdom of their own, called Myceteae under the superkingdom Eukaryonta. The kingdom is
divided into three divisions and further the divisions are divided into sub-division, class and form-
class.



The outline of the classification is given:
Kingdom. Myceteae (Fungi):

Achlorophyllous, saprobic or parasitic organisms with unicellular or more typically,
filamentous soma (thallus), usually surrounded by cell walls that characteristically consists of
chitin and other complex carbohydrates, nutrition absorptive, except in the slime molds (Division
Gymno- mycota) where it is phagotrophic, propagation typically by means of spores produced by
various types of sporophores; asexual and sexual reproduction usually present.

The kingdom is subdivided into three major divisions:

A. Division. Gymnomycota:

Phagotrophic organisms with somatic structures devoid of cell walls:

a. Subdivision. Acrasiogynomycotina:

1. Class. Acrasiomycetes

b. Subdivision. Plasmodiogymnomycotina:

1. Class. Protosteliomycetes

2. Class. Myxomycetes

B. Division. Mastigomycota:

Fungi with centrioles; flagellate cells typically produced during the life cycle; nutrition typically
absorptive; varying from unicellular that becomes converted into a sporangium, to an extensive,
filamentous, coenocytic mycelium, asexual reproduction typically by zoospores; sexual
reproduction by various means:

a. Subdivision. Haplomastigomycotina

1. Class. Chytridiomycetes

2. Class. Hyphochytridiomycetes

3. Class. Plasmodiophoromycetes

b. Subdivision. Diplomastigomycotina

1. Class. Oomycetes

C. Division. Amastigomycota:

Fungi without centriole, no motile cells, nutrition absorptive, single-celled to mycelial
with a limited or extensive, septate or aseptate mycelium, asexual reproduction by budding,
fragmentation, sporangiospores or conidia; sexual reproduction, where known, by various
means; haplobiontic-haploid life cycle with zygotic meiosis.

a. Subdivision. Zygomycotina

1. Class. Zygomycetes

2. Class. Trichomycetes

b. Subdivision. Ascomycotina
1. Class. Ascomycetes

c. Subdivision. Basidiomycotina
1. Class. Basidiomycetes

d. Subdivision. Deuteromycotina

1. Form class. Deuteromycetes.

Albugo candida
Albugo candida commonly known as white rust, is a species of oomycete in the family Albuginaceae. It
is sometimes called a fungus, but in fact forms part of a distinct lineage of fungus-like microorganisms,
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Oomycetes, commonly known aswater moulds. A. candidais an obligate plant pathogen that
infects Brassicaceae species and causes the disease known as white rust or white blister rust. It has a
relatively smaller genome than other oomycetes.

1. Albugo is an obligate parasitic fungus which attacks several species of crucifers causing the

white rust.

2. The haplophase is represented by a well-developed profusely branched mycelium which

consists of aseptate, conenocytic hyphae.

3. The hyphae are intercellular and feed by means of haustoria which penetrate the walls of the

host cells and enlarge inside at their tips into button-like or spherical structures.

4. Asexual reproduction takes place usually by wind borne sporangia produced in chains from

the tips of short, club-shaped hyphae called the sporangiophores.

5.The sporangiophores are closely packed forming a solid, palisade-like layer beneath the

epidermis of the host.

5. Each sporangiophores cuts off sporangia at its tip one below the other in a long chain with the
oldest at the top.

6. The pressure from below of the upwardly growing sporangiophores and the sporangia causes
the host epidermis to bulge and finally to burst over the sporangial sorus.

7. The sporangial masses are exposed as a crust of white, blister-like patches.

8. The mature globose, multinucleate sporangia thus exposed -e disseminated by wind or washed
by rain water to the host where they germinate to spread the disease. The factors governing
germination are moisture and temperature conditions.

9. In the presence of moisture provided by rain or dew drops and at low temperature the
sporangium germinates by zoospores. In dry air and at high temperature it germinates directly
by a germ tube.

10. The zoospores are biflagellate, reniform, uninucleate structures. Of the two flagella one is
tinsel type and other of whiplash type. They are inserted in the depression.

11. The liberals zoospore settles down on the host, withdraws its flagella, rounds off and secretes
a wall around it. It then puts out a germ tube.

12. The germ tube, whether produced by the germination of zoospore or the sporangium Infects
the host tissue gaining entrance through a stoma. It grows and forms the mycelium which is
intercellular.

13. Sexual reproduction is oogamous and Albugo is homothallic. The antheridia and oogonia are
produced near each other towards the end of the growing season. Both the antheridia and
oogonia are multinucleate but the functional nucleus in each is one.

14. The antheridium comes in contact with the oogonium at the side. The double wall at the point
of contact dissolves. A fertilisation tube from the antheridium enters the oogonium and
introduces a single male nucleus with some cytoplasm. The male and the female nuclei fuse.

15. The fertilised egg becomes an oospore by secreting a thick, warty wall around it. The oospore
nucleus divides several times to produce about 32 nuclei. In this condition the oospore tides
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over the unfavourable period.

16. After the resting period the oospore germinates. The nuclei resume mitotic activity. The
protoplast divides to form uninucleate daughter protoplast each of which becomes a
biflagellate, reniform zoospore.

17. The oospore wall cracks and the zoospores pass into a thin vesicle which soon bursts open.

18. The liberated zoospores swim about in water. On coming in contact with a suitable host each
settles down. The quiescent zoospore withdraws the flagella, rounds off and secretes a wall
around it. Soon it puts out a germ tube which enters the host through a stoma. Within the host
tissue it grows vigorously and forms the mycelium.

19. Control: Rotation of crops, removal and destruction of infected plants from the field and
spraying with fungicides such as with 0.8 percent Bordeaux mixture are the most effective
methods of controlling the disease.
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Penicillium:

He isolated and called this antimicrobial compound as Penicillin. Later Raper and
Alexander (1945) selected a strain of P. crysogenum, more efficient than P. notatum, in the
production of penicillin.

Vegetative Structure of Penicillium:
» The vegetative body is mycelial .The mycelium is profusely branched with septate hyphae,

composed of thin-walled cells containing one to many nuclei .

» Each septum has a central pore, through which cytoplasmic continuity is maintained.
Reproduction in Penicillium:
1. Vegetative reproduction:
It takes place by accidental breaking of vegetative mycelium into two or more fragments.
Each fragment then grows individually like the mother mycelium.
2. Asexual Reproduction:
» Asexual reproduction takes place by unicellular, uninucleate, nonmotile spores, the
conidia; formed on conidiophore.
» The conidiophore develops as an erect branch from any cell of the vegetative mycelium.
» The conidiophore may be unbranched (P. spinulosum, P. thomii) or becomes variously
branched (P. expansum). In species (P. spinulosum) with unbranched conidiophore, the
sterigmata develops at the tip of conidiophore.
» Rarely (P. claviforme) many conidiophores become aggregated to form a club- shaped
fructification called coremium, which develops conidia known as coremiospores.
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Some mycelia grow deeper into the substratum to absorb food material and others

remain on the substrate and grow a mycelial felt. The reserve food is present in the form
of oil globules.

During the development of conidium, the tip of the sterigma swells up and its nucleus
divides mitotically into two nuclei, of which one migrates into the swollen tip and by
partition wall the swollen region cuts off from the mother and forms the uninucleate
conidium.

The tip of the sterigma swells up again and following the same procedure second conidium
is formed, which pushes the first one towards the outer side.

This process repeats several times and thus a chain of conidia is formed.

The branch of the conidiophore is known as ramus (plural rami) which further becomes
branched known as metulae.

A number of flask-shaped phialid or sterigmata develops at the tip of each metulae.

Each sterigmata develops at its tip a number of conidia arranged basipetally (younger one
near the mother and older one away from it).

The septa formation continues with the elongation of germ tube and finally a new septate
branched mycelium develops.

Sexual Reproduction:

>

>
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Sexual reproduction has been studied only in few species . It shows great variation from
isogamy (P. bacillosporum), oogamy (P. vermiculatum) to somatogamy (P. brefeldianum).
Most of the species are homothallic, except a few like P. luteum are heterothallic.
Ascocarps are rarely formed. Based on the ascocarps, different genera can be assigned as
Europenicillium, Talaromyces and Carpenteles .

The ascogonium develops from any cell of the vegetative filament as an erect uninucleate
and unicellular body .

The nucleus then undergoes repeated mitotic divisions and produces 32 or 64 nuclei.

The antheridium develops simultaneously with the ascogonium from any neighbouring
hypha .

After maturation, the conidia get detached from the mother and are dispersed by wind. On
suitable substratum, they germinate by developing germ tube.

The nucleus undergoes repeated mitotic division and all nuclei enter into the germ tube.
The genus Talaromyces consists of 15 species. All the species of Talaromyces studied are
homothallic. The account of sexual reproduction deals with Talaromyces vermiculatus (=
Penicillium vermiculatum) was described by Dangeard (1907).

This spedes shows oogamous type of sexual reproduction. The female and male sex organs
are ascogonium and antheridium’, respectively.

It is also an uninucleate and unicellular branch which coils around the ascogonium. The
apical region of antheridial branch cuts off by septum and forms a short, somewhat inflated
unicellular and uninucleate antheridium .

After maturation of both ascogonium and antheridium, the tip of the antheridium bends
and touches the ascogonial wall. The common wall at the point of contact dissoves and the
two cytoplasm then intermixed

The nucleus of the antheridium does not migrate (into the acogonium (Dangeard, 1907).
Later, the pairing of nuclei into the ascogonium takes place by the ascogonial nuclei only.
The ascogonium then divides by partition wall into many binucleate cells, arrange
uniseriately .
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Some of the binucleate cells of the ascogonium projects out by the formation of multicellu-
lar ascogenous branched hyphae, whose cells are also dikaryotic .

The apical cells of the dikaryotic mycelia swell up and function as an ascus mother cells.
Both the nuclei of ascus mother cell undergo karyogamy and form diploid (2n) nucleus .
The nucleus then undergoes first meiosis, then mitosis, results in the formation of 8 nuclei;
those after accumulating some cytoplasm form 8 ascospores .

With the development of ascogonium and antheridium, many sterile hyphae gradually
entangle with them and finally after the formation of ascospores, the total structure
becomes a round fruit body i.e., cleistothecium .

The asci arrange irregularly inside the cleistothecium.

The ascospores may be globose, elliptical or lenticular in shape with smooth, echinucleate,
pitted or branched outer wall like a pully-wheel in lateral view.

The ascospores are released by the dissolution of ascus and cleistothecium wall. The
ascospore germinates on a suitable substratum by developing germ tube and ultimately
into a mycelium like the mother.

Polyporus
Habit and Habitat of Polyporus :

YV V VYVYYVY

Polyporus (bracket fungus) is a large genus of family Polyporaceae.

It is represented by about 50 cosmopolitan species.

These species may grow as saprophytes on dead fallen tree trunks or as parasites on the
roots, tree trunks.

The species of Polyporus are known as wood rotters because they cause wood rot of various
timber trees such as conifers, oak, apple, maple walnut, pear, Acacia etc.

The P. sulphureus, commonly called sulphur mushroom, causes wood rot of oak and other
trees and has large sulphur yellow fruiting bodies P. betulinus causes the heart rot of birch
and some other coniferous trees. P. squamosus causes heart rot of UImus.

Vegetative Mycelium of Polyporus:
It is of two types:
a)Primary Mycelium:

>

>

>

It originates by the germination of the uninucleate and haploid basidiospores

which are produced from previous fruiting bodies.

It consists of many white, slender, branched and septate hyphae. The cells

are uninucleate ie monokaryotic .

It is short lived and soon becomes bi-nucleate (dikaryotic) by hyphal fusion occurring
between cells of the hyphae of two apposite (compatible) strains.

Reproduction in Polyporus :

>

Species of Polypore's are heterothallic. Sex organs are absent. In tube layer of basidiocarp
in between the tubes the tissue is made up of generative and



skeletal hyphae.

> ltis called dissepiment. From these hyphae arise short branches at right angles at the length
of the tube.

» These branches develop into fertile single celled calavate structures basidia and sterile
structures paraphysis, cystidia and setae.

» These fertile and sterile structures form the inner lining of the pores and is known as
hymenium.

» ach basidium is club shaped bi-nucleate sterigmata. At maturity it projects slightly into the
cavity of the pore.

» The two nuclei of the basidium fuse to form the synkaryon (karyogamy).

» The diploid nucleus undergoes meiosis to form four haploid nuclei. Four short sterigmata
develop from each basidium from which small.Oval and uninucleate basidiospores are
abstracted.

» Large number of basidiospores (in billions) are formed in the pores. Through these pores

the basidiospores are dispersed and after falling on suitable substratum each basidiospore
germinates into a primary mycelium of plus or minus strain.

-
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==
<
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Fig. 6. Polyporwus - Graphic life cycle.

Economic Importance Of Fungi

Importance in Human Life

Fungi are very important to humans at many levels. They are an important part of the nutrient
cycle in the ecosystem. They also act as pesticides.

Biological Insecticides

Fungi are animal pathogens. Thus they help in controlling the population of pests. These fungi do
not infect plants and animals. They attack specifically to some insects. The fungus Beauveria
bassiana is a pesticide that is being tested to control the spread of emerald ash borer.

Reusing

These microbes along with bacteria bring about recycling of matter by decomposing dead matter
of plants and excreta of animals in the soil, hence the reuse enriches the soil to make it fertile. The



absence of activities of fungi can have an adverse effect on this on-going process by continuous
assembly and piling of debris.
Importance in Medicine

e Metabolites of fungi are of great commercial importance.

e Antibiotics are the substances produced by fungi, useful for the treatment of diseases
caused by pathogens. Antibiotics produced by actinomycetes and moulds inhibits the
growth of other microbes.

Importance in Agriculture

The fungi plant dynamic is essential in productivity of crops. Fungal activity in farmlands
contributes to the growth of plants by about 70%.

Fungi are important in the process of humus formation as it brings about the degeneration of the
plant and animal matter.
Importance in Food industry

Some fungi are used in food processing while some are directly consumed. For example —
Mushrooms, which are rich in proteins and minerals and low in fat.

Fungi constitute the basis in the baking and brewing industry. They bring about fermentation of sugar by
an enzyme called zymase producing alcohol which is used to make wine.

UNIT H1:Bryophytes:
General Characteristics of Bryophytes:

. Plants occur in damp and shaded areas

. The plant body is thallus like, i.e. prostrate or erect

. It is attached to the substratum by rhizoids, which are unicellular or multicellular

. They lack true vegetative structure and have a root-like, stem-like and leaf-like structure

. Plants lack the vascular system (xylem, phloem)

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

. The dominant part of the plant body is gametophyte which is haploid

. The thalloid gametophyte is differentiated into rhizoids, axis and leaves

. The gametophyte bears multicellular sex organs and is photosynthetic

. The antheridium produces antherozoids, which are biflagellated

. The shape of an archegonium is like a flask and produces one egg

. The antherozoids fuse with egg to form a zygote

. The zygote develops into a multicellular sporophyte

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

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

. The juvenile gametophyte is known as protonema

. The sporophyte is differentiated into foot, seta and capsule

Classification of Bryophytes


https://byjus.com/biology/fermentation-anaerobic-respiration/

RICCIA

Ricciais a genus of liverworts in the order Marchantiales.These plants are small
and thalloid, that is not differentiated into root, stem and leaf. Depending on species, the thallus
may be strap-shaped and about 0.5 to 4 mm wide with dichotomous branches or may
form rosettes or hemirosettes up to 3 cm in diameter, that may be gregarious and form intricate
mats.The thallus is dorsiventrally differentiated. Its upper (dorsal) surface is green
and chlorophyll-bearing, with a mid-dorsal longitudinal sulcus (furrow or groove). Air pores
occasionally break through the dorsal surface, giving the thallus a dimpled appearance. In
exceptional members such as Riccia carolinianaof Northern Australia and Riccia sahyadrica of
Western Ghats, the photosynthetic region is confined to the lower half of the thallus. The lower
(ventral) surface has a mid-ventral ridge bearing multicellular scales that originate as a single row
but normally separate into two rows as the thallus widens. The scales are multicellular
and hyaline (glassy) in appearance, or violet due to the pigment anthocyanin.Rhizoids are nearly
lacking in aquatic forms, but there are usually numerous unicellular rhizoids of two types on the
ventral surface.One type is called smooth and the other type is the pegged or tuberculated rhizoids;
these help in anchorage and absorption. The inner surface of the smooth rhizoids is smooth while
that of the tuberculate rhizoid will have internal cell wall projections.

1. Gametophytic plant body is thalloid, prostrate, linear or ribbon-shaped and flattened structure.

2. It is dichotomously branched (Fig. 152) and green to light green in colour.

3. Thallus is thick in the middle and becomes thin towards the margins.

4. An apical notch is present on the terminal portion of thallus. Gametophytic plant body has two
surfaces, dorsal and ventral.(a) Dorsal Surface:

5. A median longitudinal furrow or depression is present on the dorsal surface (Fig. 153).

6. Sex organs are also present on this surface.

Sex Organs of Riccia:

Cut L.S. of mature thallus through mid-dorsal groove and observe the sex organs under

microscope.

If antheridia, archegonia or sporogonium are visible, stain in safranin, mount in glycerine and

study:

1. Sexual reproduction is oogamous.

2. Sex organs are antheridia and oogonia. They are present in the region of mid-dorsal groove on

the dorsal surface of the thallus.

3. Sex organs develop in acropetal succession.

4. Most of the species are homothallic but a few species are heterothallic, e.g., R. himalayensis.


https://en.wikipedia.org/wiki/Marchantiophyta
https://en.wikipedia.org/wiki/Marchantiales
https://en.wikipedia.org/wiki/Thallus
https://en.wikipedia.org/wiki/Rosette_(botany)
https://en.wikipedia.org/wiki/Dorsiventral
https://en.wikipedia.org/wiki/Chlorophyll
https://en.wikipedia.org/wiki/Hyaline
https://en.wikipedia.org/wiki/Anthocyanin
https://en.wikipedia.org/wiki/Rhizoid
https://en.wikipedia.org/wiki/Cell_wall

5. Monoecious species are generally protandrous, i.e., antheridia develop first and oogonia later
on.

Antheridium:

V.S. of gametophyte through antheridium (Fig. 160) reveals following structures:

1. Antheridium is present in a cavity on the dorsal surface called antheridial chamber.

2. Antheridial chamber has a narrow opening or pore on the apical side.

3. A mature antheridium is a stalked, club-shaped or pear-shaped body.

4. Antheridial stalk is multicellular.

5. It remains surrounded by an outermost layer of one- celled thick sterile jacket.

6. Inside the jacket layer are present many small, cubical androcyte mother cells.

7. Each androcyte mother cell contains dense cytoplasm and large nucleus. It divides diagonally
into two androcytes.

8. Each androcyte metamorphoses into a single structure, variously called antherozoid,
spermatozoid or sperm.

9. Each antherozoid is a minute, uninucleate body con containing two long flagella at its anterior
end.

10. Lower flagellum is slightly larger than upper one.

11. Dehiscence of antheridium takes place in the presence of water.

Archegonium:

A vertical section passing through archegonium reveals the following details (Fig. 161):

1. The archegonium remains embedded in the archegonial cavity on the dorsal surface of the
gametophyte.

2. Upper part of the neck of archegonium generally protrudes out of the cavity.

3. An archegonium is a flask-shaped structure made up of a long, elongated neck and a globular
venter.

4. Venter is sessile and surrounded by a one-celled thick layer, made up of 12 to 20 cells.

5. Neck consists of 4 to 6 neck canal cells, and remains surrounded by six vertical rows of cells.
6. Each longitudinal row consists of 6 to 9 cells.

7. At the tip of the neck are present four cover cells or lid cells.

8. Venter contains an upper, small ventral canal cell and a lower, large egg cell.

9. At the time of fertilization (Fig. 162) all the cells, except the egg, disintegrate and form a
mucilaginous liquid, which gives entry to the spermatozoids. The ultimate product of the
fertilization is zygote.

10. The ultimate product of the fertilization is zygote.

Sporogonium:

1. It is simple and made up of only capsule or spore-sac (Fig. 163).

photosynthetic filaments
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Fig. 163. Riccia. V.T.S. thallus through mature
Sporogonium.
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2. Foot and seta are absent.

3. Itremains embedded in the gametophyte, and it is a non-green structure, thus depending entirely
on the gametophyte for food.

4. Inside sporogonium are present many spore mother cells which remain surrounded by a capsule
wall and two-layered calyptra.

5. Spore mother cells divide reductionally, and each of them thus forms four haploid spores,
arranged tetrahedrally.

6. Prior to the formation of spores, the wall of the sporogonium as well as the inner layer of calyptra
dissolve, and thus only a single-layered calyptra is present outside the spores.

7. Elaters are absent.

8. Neck of the long archegonium may remain outside for some time but it ultimately withers.
Spore:

1. It is the first cell of the gametophytic generation.

2. Shape of the spore is rounded or pyramidal.

3. Each spore is surrounded by a thick, black or sculptured wall.

4. Wall of the spore consists of three layers: outermost exine or exosporium, which is thick and
sculptured; middle thin mesosporium and: innermost, thin intineorendosporium.

5. Spores are unicellular and uninucleate structures.

6. In the cytoplasm are present many oil globules.

7. Spores germinate into gametophyte.

FUNARIA
Gametophytic Phase of Funaria:

(i) External Features:

Plant body is gametophytic and consists of two different stages namely:

(1) Juvenile stage represented by primary protonema and

(i) The leafy gametophore which represents the adult form.

The adult gametophyte (gametophore) is differentiated into  rhizoids, axis
or ‘stem’ and ‘leaves’ (Fig. 1 A). Rhizoids arise from the base of the axis. They are slender,
branched, and multicellular and have oblique septa.

Axis is 1-—3 cm. high, upright, slender and branched. Each branch is extra axillary i.e., arise below
a leaf. Leaves are sessile, oblong-ovate with entire margin, pointed apex and are arranged spirally
on the branches and ‘stem’. Each ‘leaf’ is traversed by a single mid rib (Fig. 1B). ‘Leaves’ are
borne in 1/3 phyllotaxy which becomes 3/8 at maturity.

leat base

]
Fig. 1. (A, B). Funaria. (A) A plant, (B) Outline skatch of & leat.

Reproduction in Funaria:

Funaria reproduces by vegetative and sexual methods.
(1) Vegetative Reproduction:

It takes place by the following methods:

1. By multiplication of primary protonema:
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In Funaria, spores on germination form a branched, filamentous, multicellular structure. It’s called
primary protonema. In it certain colourless separation cells are formed by intercalary divisions.
These cells die out and break up the protonema into single cell or many celled fragments. These
fragments grow into new protonemata which bear buds. Each bud develops into a leafy
gametophore.

2. By secondary protonema:

When protonema is developed by other than the germination of spore, it is called secondary
protonema. It may be developed from any detached living part of the gametophyte such as ‘stem’,
‘leaves’, antheridium, archegonium paraphysis, sterile cells of capsule, seta or when the rhizoids
are exposed to sun light in moist atmosphere (Fig. 16 G). It is similar to primary protonema and
develops into leafy gametophore.

3. By Gemmae:

During unfavorable conditions, the terminal cells of the protonemal branches divide by transverse,
longitudinal divisions and form green multicellular bodies of 10-30 cells (Fig. 4). These are called
gemmae. At maturity gemmae become slightly reddish brown in colour. On the return of
favourable conditions gemmae germinate and form new plants.

4. By Bulbils:

When such gemmae like structures are produced on rhizoids inside the substratum, these are called
bulbils. These are devoid of chloroplasts but capable of developing into leafy individuals under
favourable conditions.

5. Apospory:

Development of gametophyte from sporophyte without the formation of spores is known as
apospory. Any vegetative cell of the sporophyte may form green protonemal filaments which bear
lateral buds. These buds later develop into leafy gametophores.

The gametophores thus formed are diploid. Sexual reproduction in such gametophores results in
the formation of tetraploid (4n) zygote. The sporophytes from tetraploid are sterile because they
are not capable of bearing spores.

(ii) Sexual Reproduction in Funaria:

Sexual reproduction is oogamous. Male reproductive structure is known as antheridium and female
as archegonium. Funaria is monoecious (having male and female sex organs on the same thallus)
and autoicous (antheridia and archegonia develop on separate branches of the same thallus). Sex
organs are borne on leafy gametophores in terminal clusters.

The main shoot of the leafy gametophore bears antheridia and act as male branch. Female branch
develops as a lateral outgrowth from the base of the male branch and bears archegonia. It grows
higher than the male branch. Funaria is protandrous (antheridia mature before the archegonia). It
ensures the cross fertilization.

Male Branch or Antheridiophore:

Longitudinal section (L. S.) of male branch shows that its apex is expanded and convex shaped. It
bears large number of reddish brown or orange antheridia in different stages of development.
Projected antheridia are surrounded by a rosette of spreading leaves called perigonial leaves.

The antheridial cluster with surrounding perigonial leaves is called perigonium. The antheridia are
intermingled with large number of sterile hair like club shaped structures called paraphyses (Sing,
paraphysis) (Fig. 5). Paraphyses store water, protect developing antheridia, help in photosynthesis
and dehiscence of antheridia.

Structure of an Antheridium:

The antheridium is club shaped. It can be differentiated into two parts:



(a) Short multicellular stalk

(b) Body of antheridium (Fig. 6K).

Body of antheridium has sterile, single layered jacket of polyhedral flattened cells. When young
the cells of the jacket contain chloroplasts which turn orange or reddish brown at maturity. Jacket
encloses a large number of androcytes (antherozoid mother cells).

At maturity the distal end of the antheridium bears one or two thick walled, colourless cells called
operculum. The opercular cells become mucilaginous, absorb water and swell, break connections
with the neighbouring cells and form a narrow pore. Androcytes ooze out in the form of a viscous
fluid through this pore.

Female Branch or Archegoniphore:

The female branch arises from the base of the male branch. Longitudinal section (L. S.) of female
branch shows that many archegonia intermingled with paraphyses occurs at its apex (Fig. 7A). The
terminal cell of paraphyses is not swollen. The cluster of archegonia is enclosed by a group of
green foliage ‘leaves’ called perichaetial leaves. The archegonial cluster with the surrounding
perichaetial leaves is called perichaetium.

Structure of an Archegonium:

A mature archegonium is flask shaped structure. It remains attached to the female branch by a
massive stalk. It consists upper elongated slender neck and basal globular portion called venter
(Fig. 7B).

The neck is slightly tubular, twisted, single layered and consists of six vertical rows of neck cells,
which enclose an axial row of ten or more neck canal cells. The venter wall is two layered and

encloses venter canal cell and egg cell. Venter canal cell is situated just below the neck canal cells.
S g

Fertilization in Funaria:

Water is essential for fertilization. The opercular cells of the antheridium rupture and releases mass
of antherozoids. When archegonium reaches at maturity, the neck canal cells and venter canal cell
disintegrate to form a mucilaginous mass. It absorbs water, swells up and comes out of the
archegonial mouth by pushing the cover cells apart. This mucilaginous mass consists chemical
substances (mainly sugars).

The cover cells of the neck separate widely from each other and form a passage leading to the egg.
Rosette like perigonial leaves serve as splash cup from which rain drops disperse antheroziods to
some distance (rain drops falling on the archegonial cluster situated at lower level).

Many antherozoids enter the archegonial neck because of chemical response but only one of them
fuses with the egg to form the zygote. Union of male and female nuclei is complete within 10
hours. Fertilization ends the gametophytic phase.

Sporophytic Phase:

Zygote is the first cell of the sporophytic phase. Development of sporophyte takes place within the
venter of the archegonium.

Structure of Sporophyte:

The sporophyte is semi-parasitic in nature, the mature sporophyte can be differentiated into three
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distinct parts—foot, seta and capsule.

(i) Foot:lt is the basal portion of the sporogonium. It is small dagger like conical structure
embedded in the apex of female branch. It functions as anchoring and absorbing organ.

(i) Seta:lt is long, slender, stalk like hygroscopic structure. It bears the capsule at its tip. It raises
the capsule above the apex of leafy gametophore. Its internal structure is more or less similar to
axis. The epidermis is followed by thick walled cortex which surrounds the axial cylinder. It is
mechanical in function and also conducts the water and nutrients to the developing capsule.

(iii) Capsule:lt is the terminal part of the sporophyte and is developed at the apex of the seta. It is
green in colour when young but on maturity it becomes bright orange coloured. It is covered by a
cap like structure called calyptra. (gametophytic tissue develops from the upper part of the
archegonium).

Internal Structure of the Capsule:Longitudinal Section (L.S.) of the capsule shows that it can be
differentiated into three distinct regions-apophasis, theca and operculum (Fig. 11A).

(a) Apophysis:

It is the basal sterile part of the capsule. It is bounded by the single layered epidermis which is
interrupted by stomata. The sotmata have single ring like guard cells (Fig. 11 C, D). Below the
epidermis is spongy parenchyma. The central part of the apophysis is made up of elongated thin
walled cells forming a conducting strand. It is called neck of the capsule. It is the photosynthetic
region and connects seta with capsule.

(b) Theca:lt is the middle, slightly bent spore bearing region of the capsule. It lies between the
apophysis and operculum.Longitudinal section (L. S.) passing through the theca shows the
following regions:

(i) Epidermis:It is the outer most layer. It is single layered with or without stomata.

(it) Hypodermis:It is present below the epidermis. It consists two to three layers of compactly
arranged colourless cells.

(ii1) Spongy parenchyma:It consists two to three layers of loosely arranged chlorophyllous cells.
It is present inner to hypodermis. These cells are capable to manufacture their own food but
dependent on gametophyte for water and mineral nutrients. Therefore, the sporophyte of Funaria
is partially dependent on gametophyte.

(iv) Air spaces:

These are present just below the spongy parenchyma and outside the spore sacs. Air spaces are
traversed by green cells (chlorenchymatous cells) called trabecular (elongated parenchymatous
cells).

(v) Spore sac:These are present below the air spaces on either side of the columella. It is ‘U’
shaped and broken at the base. (It separates its both arms).

It has an outer wall (3-4 cells thick) and an inner wall (single cell in thickness). Between the outer
wall and inner wall is the cavity of the spore sac. When young, the cavity of the spore sac is filled
with many spore mother cells. At maturity the spore mother cells divide by meiotic divisions and
form many haploid spores.

(vi) Columella:

It is the central part of the theca region. It is made up of compactly arranged colourless
parenchymatous cells. It is wide above and narrow below, connecting the central strand of
apophysis. It helps in conduction of water and mineral nutrients.

(c) Operculum:

It is the upper region of the capsule. It is dome shaped and consists four to five layers of cells. The
outermost layer is thick walled and called epidermis. Operculum is differentiated from theca by a



well-marked constriction. Just below the constriction there is a diaphragm (rim). It is composed of
two to three layers of radially elongated pitted cells.

Immediately above the rim is annulus which consists of 5-6 superimposed layers of cells. Its upper
cells are thick but two lowermost layers of cells are thin. Annulus separates the theca from the
operculum. Below the operculum lies the peristome (Fig. 11 B). It is attached below to the edge
of the diaphragm. The peristome consists of two rings of radially arranged peristomial teeth. In
each ring there are sixteen teeth.

The teeth are not cellular but they are simply the strips of the cuticle. The teeth of the outer ring
are conspicuous, red with thick transverse bands while the teeth of the inner ring are small, delicate,
colourless and without transverse bands. Inner to peristome teeth lies a mass of thin walled
parenchymatous cells.

Structure and Germination of Spore:

Spore is the first cell of the gametophytic phase. Each spore is spherical, 12-20 p in diameter and
surrounded by two wall layers. The outer wall is thick, smooth, brownand known as exosporium,
while the inner wall is thin, hyaline and called endosporium. Spore wall encloses single nucleus,
chloroplasts and many oil globules.

Under favourable conditions (sufficient moisture) spores germinate. Exosporium ruptures and
endosporium comes out in the form of one or two germ tubes. Each germ tube is multicellular,
green with oblique septa. The germ tube grows in length, divides by septa to form green algal
filament like structure called primary protonema.Primary Protonema:lt is the juvenile (young)
stage of the gametophyte formed by the germination of spore. It forms two different types of
branches.Most of the branches grow horizontally on the moist surface of the soil and are known
as chloronemal branches (positive phototrophic, thick and rich in chloroplast) while some branches
grow down in the soil and are called rhizoidal branches (non-green, thin and possess oblique septa).
These branches can develop chlorophyll if expose to light.

Rhizoidal branches function as anchoring and absorbing organs while chloronemal branches
develop minute green buds behind the cross walls which develop into leafy gametophores. From
one primary protonema many moss plants develop, so the moss is gregarious in habit. Primary
protonema is short lived.

According to Sirnoval (1947) development of protonema under laboratory conditions can be
differentiated into two stages—chloronemal stage and caulonemal stage. Chloronemal stage is
characterised by irregular branching, right angle colourless cross walls, and many evenly
distributed discoid chloroplast.

It is positive phototropic but never produce buds. Nearly after 20 days chloronemal stage matures
into caulonemal stage. This stage is characterised by regular branching brown cell walls, oblique
cross walls and fewer chloroplasts. It is negative phototropic and produce buds which later develop
into leafy gametophores. Rhizoids arise from the base of a bud.

UNIT V: PTERIDOPHYTE

General characters and classification of pteridophyte (Spore, 1962), Structure and life cycle of
Lycopodium and economic importance of pteridophyte.

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

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



2. They are cryptogams, seedless and vascular:

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

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

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

4. Spores develop in sporangia:

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

5. Sporangia are produced in groups on sporophylls:

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

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

The sporophyte generation and the gametophyte generation are observed in Pteridophytes. The
diploid sporophyte is the main plant body.Before the flowering plants, the landscape was
dominated with plants that looked like ferns for hundreds of millions of years. Pteridophytes show
many characteristics of their ancestors. Unlike most other members of the Plant Kingdom,
pteridophytes don’t reproduce through seeds, they reproduce through spores instead.

Pteridophyta Classification
Pteridophyta is classified into four main classes:
Psilopsida
e They are the most primitive.
The stem is photosynthetic and dichotomously branched.
Rhizoids are present.
Leaves are mostly absent.
The sporophyte is homosporous synangium.
o Examples- Psilotum and Tmesipteris.
Lycopsida

e They are commonly known as club moss.
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o Well-differentiated plant body with adventitious root, stem, rhizophores and leaves.
e The sporophyte is homosporous or heterosporous.
o Examples- Selaginella, Lycopodium.

Sphenop3|da
Commonly known as horsetail.
o Well-differentiated plant body with roots arising from nodes of the underground rhizome, stem
and scaly leaves.
e Homosporous, sporangia are borne on strobili.
o Examples- Equisetum.

Pteropsida

e Commonly known as a fern.
Well-differentiated plant body with roots, stem and leaves.
The sporophyte is homosporous or heterosporous.
Antherozoids are multiflagellate.
Examples- Pteris, Dryopteris, Adiantum.

Steps of life cycle of lycopodium.

Life Cycle of a L. ycopodrum
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Lycopodium plant body is sporophyte(Diploid 2n)

Storophilus or cone is the spore bearing structure.

In Storobilus diploid spore mother cells undergo meiosis forming haploid spores(1n).
Spores germinate gametophyte or prothallus (monoceious; bothe antheridia and
archegonia are present)

Antheridia produce sperms;Sperms are multiflagellate isoogamous.

e Zygote divides to form /embryonoic sporophyte later from mature plant body (diploid
Lycopodium sporophyte).

UNIT V
General characters and classification of Gymnosperms (Sporne, 1965), Structure and life cycle of
cycas and economic importance of Gymnosperms.

General Characteristics of Gymnosperms



They do not produce flowers.

Seeds are not formed inside a fruit. They are naked.

They are found in colder regions where snowfall occurs.

They develop needle-like leaves.

They are perennial or woody, forming trees or bushes.

They are not differentiated into ovary, style and stigma.

Since stigma is absent, they are pollinated directly by the wind.

The male gametophytes produce two gametes, but only one of them is functional.

They form cones with reproductive structures.

10 The seeds contain endosperm that stores food for the growth and development of the plant.
11. These plants have vascular tissues which help in the transportation of nutrients and water.
12. Xylem does not have vessels, and the phloem has no companion cells and sieve tubes.

CoNoOA~LNE

Classification of Gymnosperm

e Cycads are dioecious (meaning: individual plants are either all male or female). Cycads are
seed-bearing plants where the majority of the members are now extinct. They had
flourished during the Jurassic and late Triassic era. Nowadays, the plants are considered as
relics from the past.

e These plants usually have large compound leaves, thick trunks and small leaflets which are
attached to a single central stem. They range in height anywhere between a few centimetres
to several meters.

e Cycads are usually found in the tropics and subtropics. Some members have adapted to dry
arid conditions, and some also have adapted to oxygen-poor swampy environments.



Classification of Gymnosperms by K.R. Sporne (1965)

—

CLASS aLass CLASS
Cycadopsida Coniferopsida Gnetopsida
ORDER ORDER ORDER
QO Pteridospermales QO Cordaitales O Gnetales

QO Bennettitales O Coniferales
O Pentoxylales O Taxales
O Cycadales  Ginkgoales

Cycas

The plant body is sporophytic, and the sporophyte is differentiated into well-developed
roots, columnar and generally un-branched stem and pinnately compound leaves.
Members exhibit xerophytic characters. The growth of cycads under xerophytic
conditions is extremely slow. It has been estimated that a plant of Dioon grows only 2 to
2.5 metre in one thousand years under natural conditions.

Young leaves show circinate vernation. The wood is manoxylic.

Mucilage canals are present in the pith as well as cortex.

6. The leaf trace is diploxylic

7. Plants are dioecious without exception, and the reproductive organs are generally in
the form of cones.

8. The cones are generally terminal or lateral in position.

9. In male cones the microsporophyll’s are arranged on cone axis, and form a compact
structure.

10. Microsporangia are arranged on the abaxial side of the microsporophyll’s.

11 The flagella on the sperms are arranged in spiral bands. The male gametes are very
large. These measure 80 um in length in Microcycas, 180-210 um in Cycas revoluta and

as much a 400 um (largest) in Chigua.

12. Megasporophylls are foliage leaf-like structures, the tip portion of which is sterile.
Several ovules (2-8) are arranged in the middle region of the megasporophylls.

13. The ovules are orthotropous.

14. The apical meristem in all Cycads is extremely massive.



Vegetative reproduction

Vegetative reproduction is by the formation of adventitious buds or bulbils . The bulbils
develop from the basal part of stem especially from cortical cells. They are found between
the persistent leaf bases. They are more or less oval shaped. Several scale leaves are
arranged spirally and compactly over a dormant stem in a bulbil. Upon detachment from
the stem, a bulbil germinates to produce a new plant. A bulbil from male plant produces a
new male plant while a bulbil from female plant produces a new female plant.

Sexual Reproduction : Cycas is strictly dioecious ie., male and female plants are
distinctly different from each other. .

The male plant of Cycas produces male strobilus (cone) at the apex of the stem in between
the crown of foliage leaves. Each male cone is a shortly stalked compact, oval or conical
woody structure. It is 40-80 cm in length, perhaps the largest among plants. Each male
cone consists of several microsporophylls which are arranged spirally around a central axis.
Each microsporophyll is a woody, brown coloured and more or less horizontally flattened
structure with a narrow base and an expanded upper portion. The upper part is expanded
and becomes pointed at its tip. The narrow of cells. Pollen grains or microspores are
produced at the end of meiotic division of microspore mother cells found in the
microsporangium.

Each microspore on pollen develops into male gametophyte partly even before the release
of pollens from microsporangium. The transfer of pollens from male plant to the female
plant is called pollination. At this stage, the male gametophyte has a prothallial cell, a
generative cell and a tube cell. Dispersal of pollens is effected by wind (anemophyllous).
Further development of male gametophyte starts only after the pollen reaches nucellar
surface of the ovule where the pollen germinates to produce pollen tube. The pollen tube
carries two top-shaped sperms. Each sperm contains thousands of cilia . By means cilia,
the sperms move freely in the pollen tube.

The pollen tube. The pollen tube penetrates the nucellar region of the ovule and
subsequently delivers the male gametes into the archegonial chamber.

The female plant produces megasporophylls that are not organised into cones and instead
they occur in close spirals in acropetal succession around the stem apex (fig). New
megasporophylls are produced in large numbers every year. The megasporophylls of a year
occupy the region between the successive whorls of leaves. The growth of the female plant
is monopodial; the axis contines to grow as it produces foliage leaves and megasporophylls.

Each ovule consists of a large nucellus surrounded by a single integument. The integument
remains fused with the body of the ovule except at the apex of the nucellus where it forms
a nucellar beak and an opening called micropyle. The opposite end of the microphyle is
called chalaza. The integument is very thick and is differentiated into three layers - the
outer and inner fleshy layers and a hard and stony middle layer. Some cells in the nucellar
beak dissolve to form a pollen chamber. The young ovule is green and hairy whereas the
mature one is red or orange without hairs.

One of the deeply situated cells in the nucellus differentiates into megaspore mother cell



and divides meiotically to produce 4 linearly arranged haploid megaspores. Of the four
megaspores, the upper three cells degenerate while the lowermost acts as functional
megaspore.

Female gametophyte : The functional megaspore develops into a large, haploid
multicellular tissue called female prothallus or endosperm. The nucellus is used up as the
female gametophyte develops. At this stage, some superficial cells of the female
gametophyte at the micropylar end enlarge and develop into 2-8 archegonia. Each
archegonium has a large egg nucleus and venter canal nucleus. The arehegonial chamber
is found above the archegonia.

The megasporophylls are considered to be modified leaves. They are flat, dorsiventral and
measuring 15-30 cm in length A megasporophyll is differentiated into a basal stalk and an
upper pinnate lamina. Ovules are formed on the lateral sids of the stalk. The number of
ovules per megasporophyll varies from 2-10 depending upon the species.

Ovule : The ovule of cycas is orthotropous and unitegmic. It is sessile or shortly stalked
and perhaps Fig.1.70. Structure of ovule LS the largest ovule (about 6 cm length and 4 cm
width) in the plant kingdom.

Fertilization : The fusion of male and female gametes is called fertilization. The pollen
tube of the pollen releases sperms or male gametes into the archegonial chamber. Normally,
only one male gamete enters each archegonium and fuses with the egg thus resulting in the
formation of zygote. Only one egg, in any one of the archegonia, is fertilized. The diploid
zygote develops into embryo. The embryo takes about one year for its complete
development. The ovule ultimately gets transformed into seed.

Sporangium

MEIOSIS

gametophyte ‘ Egg

FERTILIZATION

“Sporangium a
@) / S
Zygote
-~ -

Mature sporophyte New sporophyte

Economic importance of Gymnosperms

Gymnosperms are the small group of plants, which constitutes a sub division of

spermatophyta or phanerogams. There are about 73 genera and 7000 species in
subdivision gymnospermae.

1. As food

Seeds of some species are edible: Cycas, Ginko, Pinus, Gnetum
Stem of Cycas revoluta is a good source of Sago starch
Zamia is a rich source of starch.
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o Seeds and stem of Cycas revoluta used for making wine.
2. As medicine

Leaves of Cycas circinalis, Taxus are used as medicines.

Pollen grains of some Cycas have narcotic effect

Oil of Juniperus is important.

Ephedrine derived from Ephedra used in treatment of cold, cough.
Anti-cancerous drug called taxol, is obtained from the bark of Taxus

3. As ornaments

e Species of Cycas are used for decoration purposes
e Ginkgo bioloba, possess beautiful ornamental leaves
e Thuja, Pinus, Taxus etc are grown in parks.

4. In industry
e Spruce or Picea is an important source of pulp wood.
e Wood of Juniperus is used in making pencils, scales and holders.
o Bark of Larix yields a tannin.
e Terpentine is obtained from Abies balsemea.
e Wood of red spruce is especially important for music industry.
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