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UNIT-1
General Characteristics of Algae

Algae are eukaryotic organisms that have no roots, stems, or leaves but 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. Phytoplankton is the population of free-floating microorganisms composed primarily
of unicellular algae. In addition, algae may occur in moist soil or on the surface of moist rocks
and wood. Algae live with fungi inlichens.Most algae are photoautotrophic and carry on
photosynthesis. Some forms, however, are chemoheterotrophic and obtain energy from
chemical reactions and nutrients from preformed organic matter. Most species are saprobes,
and some are parasites.Reproduction in algae occurs in both asexual and sexual forms. Asexual
reproduction occurs through the fragmentation of colonial and filamentous algae or by spore
formation (as in fungi). Spore formation takes place by mitosis. Binary fission also takes place
(as in bacteria).During sexual reproduction, algae form differentiated sex cells that fuse to
produce a diploid zygote with two sets of chromosomes. The zygote develops into a sexual
spore, which germinates when conditions are favorable to reproduce and reform the haploid
organism having a single set of chromosomes. This pattern of reproduction is called alternation
of generations.

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
Occurrence of Oscillatoria:
Oscillatoria, a fresh water, blue green alga, is represented by 76 species. Species are commonly
found in fresh and polluted water of ponds, pools, drains, streams, and also in damp soils and
rocks. These form bluish scums on water surface or at pond-bottom.
Thallus Structure of Oscillatoria:
It is an un-branched filamentous alga (Fig. 1A). Filaments may be either attached or free floating
and rarely occur singly. In majority of the species they form compact tangle mass or spongy
sheets. The filaments may be interwoven or arranged in parallel rows. The filaments are
uniseriate each containing a single trichome the trichomes are usually naked and have a thin,
poorly developed sheath.
Cell Structure of Oscillatoria:
All cells in the trichome are similar in structure. It can be differentiated into two parts:
Cell wall
protoplasm.

Cell wall is made of mucopeptide. Ultra structurally it consists mainly a 2000 A structural layer
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external to plasma membrane. Outside the structural layer is 160° A° thick another layer and
there is a third 90° A layer loosely wrapped around the two.

The structural layer has s series of 700 A° wide pores which terminate at the 160 A° layer. Under
an ordinary microscope the protoplasm is distinguishable into a peripheral chromoplasm and a
central colourless centroplasin or central body.

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.

NOSTOC:
.Nostoc Fresh Water Algae — Characteristics, Morphology and Methods of Reproduction

Nostoc also known as fresh water algae genus of cyanobacteria is found in the fresh water, on
the damp soil, even as endophyte in the tissues of other plants such as Anthoceros or as an
algal component of some lichens. This genus is represented by 29 species. In fresh water they
are found free floating balls or attached to some submerged object.

Systematic Position
Class: Cyanophyceae
Order: Nostocales
Family: Nostocaceae
Genus: Nostoc
Morphology of Nostoc

Each colony contains gelatinous material in which numerous filaments are embedded. The
filaments are not branched and consist of a row of bead like cells. The filaments may contain,
one or more than one enlarged, empty looking cells known as heterocysts. The filament is not a
straight structure but is twisted and folded on itself to form a spherical structure. Each filament
is enveloped by a hyaline or colored gelatinous sheath of an exceedingly firm consistency. Many
close sheaths usually unite together to form thick masses of jelly in which filaments are
embedded.
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Nostoc Structure: A, Colony in mucilaginous envelop; B, Colony with heterocysts and akinetes
(arthrospores); C, gelatinous colony D, enlarged single cell

Cell Structure

Each cell has well developed cell wall consists of an inner thin cellular layer a medium pectic
layer and an outer mucilage layer. The protoplasm consists of colored peripheral chromoplasm
and central colorless cytoplasm containing the nucleus like material known as central body.
Plastids are absent. like substance and not starch. Additionally, oil drops may also be found. It
is capable of fixing free nitrogen mitochondria, endoplsamic reticulum and Golgi bodies are also
absent.

Reproduction:

Sexual reproduction is not reported from this genus. Asexual reproduction take place by
vegetative and asexual (spore formation) means.

Colony Fragmentation: The large colony accidental breaking may grow into smaller separate
colonies.

Hormogones: This is the most common method of reproduction. Hormogones are produced by
breaking of filament or the decay of any vegetative cell or at heterocysts. The heterocysts may
be terminal or intercalary and arranged singly or in series. The hormogones may be retained by
the gelatinous envelop or they may show wriggling movement come out of the gelatinous
envelop to develop, into a new colony. Very often hormogone may develop into trichomes
without being released from the colony. This may result in the large number of
trichomes.Endospores: Occasionally in Nostoc commune and Nostocmicroscopicum, the
heterocyst contents divide to produce endospore which on liberation give rise to new filaments.

CHLAMYDOMONAS STRUCTURE , OCCURRENCE & REPRODUCTION

Kingdom: Plantae

Division:  Chlorophyta

Class: Chlorophyceae

, Order: Volvocales

Family:  Chlamydomonadaceae

Genus:  Chlamydomonas algae

Occurrence

Chlamydomonas has 150 species. It is the commonest unicellular Volvocales. It is one of the
simplest unicellular widely distributed algae. It is found in standing water of ponds, pools,
ditches and on moist soil. It often grows in abundance in water rich in ammonium compounds.
The turbid green colour of the water of .he stagnant ponds is due to the presence of thousands
of these rants. Some of the species occur in very unusual
places. inlamydomonasehrenbergi occurs in saline water. Some of its species are found in sea.
A bright red pigment is often abundant in certain species, especially in The resting stages. Such
plants make the pools red.

Structure of Chlamydomonas

Its vegetative stage has very simple structure. Its size is about 0.02 mm. Each cell is spherical,
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ellipsoidal, sub-cylindrical or pyriform. Their anterior end is more or less pointed. It has following
structure: 1. Cell wall: There is a thin cell wall on the outside. It occasionallypossesses an outer
thin mucilage sheath. This sheath projects into a beak-like process at the anterior end.

Gaolgs apparatus

7.

starch
granule
pyrenoid
surrounded by
starch granules

chiaroplias!

Flagella: The two flagella situated anteriorly near the pointed. They either project through
one aperture in the wall or through two separate canals. These flagella arise form two
basal granules called blepharoplast.

Contractile vacuoles: Each cell typically possesses two contractile vacuoles at the base of
flagella. They have respiratory and excretory functions.

Eye spot: An orange-red pigment spot or eye-spot (stigma) is present near the origin of
flagella. This eye spot is covered by a minute lens in the thickness of the cell wall. It
supposed to function as an extremely primitive eye. This is sensitive to light. Therefore, it
directs the movement of the individual. In C. pluristigtna, there are two or three eye-spots.
Eye spots are very sensitive to intensity of light.

Chloroplast: There is a large cup-shaped chloroplast towards the broader end. The
chloroplast varies in shape. In C reticulate, g is reticulate. In C. aplina, it is small discoid.
The plants are autotrophic. They prepare their own food by photosynthesis. by taking
carbon dioxide from the water.

Pyrenoid: Pyrenoid is embedded in the chloroplast. Pyrenoid consists of a central protein
body surrounded by numerous minute starch grains. The number of pyrenoids is variable in
different species. There may be two to any or no pyrenoid at all.

Nucleus: All species are uninucleate. A single nucleus lies in the cytoplasm, filling the cup
of the chloroplast.

Reproduction
Both asexual and sexual reproductions occur in Chlamydomonas. Asexual reproduction
Asexual reproduction takes place by the following methods:

I. Zoospore formation: Zoospores are formed when the
conditions are favourable. During the formation of zoospores the cell becomes quiescent
(nonmotile). Its flagella are retracted or discarded. The contractile vacuoles disappear. Its
protoplast divides longitudinally into two. It is followed by a simultaneous division of each
daughter protoplast and sometimes by a third series of division. Each division of the
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protoplast is preceded by the division of the nucleus into many parts. Thus each cell produces
2-16 pieces. Each piece secretes a wall around it and forms two flagella. Contractile vacuole
and pigment spots also soon appear. In this way 2-16 swarmspores or zoospores are formed
within the parent cell. The zoospores or swarmspores are liberated by gelatinization or by the
rupturing of the patent cell wall. Each of them develops into a new Chlamyclomonas plant.
This process of division is repeated every 24 hours.

2. Palmella stage: This stage is formed under less favourable, but not very dry conditions. In
this condition, the ponds are gradually drying up. So the plants are growing on damp soil.
The daughter cells are produced by the division of the parent cells. These cells do not
develop flagella. They are embedded in the mucilage formed by the gelatinization of the
parent cell wall. The daughtei’cells divide further into four. Their cell walls also become
mucilaginous. Thus a large number of small non-motile structures are formed. They are
embedded in jelly-like substance. In this way, an amorphous colony is formed. It has
hundreds or thousands of cells. All its cells are embedded in a common gelatinous matrix.
This stage is known as the palmella stage.

Sexual reproduction
The sexual reproduction may be isogamy to anisogamy and oogamy. At the time of sexual
reproduction, the protoplast of a cell divides into 16,32 or even 64 biflagellate gametes. The
gametes may be naked called gymnogametes. Or they may be enclosed in a cell wall
called calyptogamet

in Creinhardiand C.longistigma.

2. Anisogamy: In this case, fusing pairs are similar in shape but different in size. The female
cell produces four larger macrogametes. Themale cell produces eight
smaller microgametes. It occurs in C.monocia, C. Braunii etc.

OCCURRENCE OF OEDOGONIUM:

Oedogonium (Gr. oedos, swelling; gonos, reproductive bodies) is an exclusively fresh water alga.
Out of about 400 species more than 200 have been reported from India. They are very common
in pools, ponds, lakes etc.

The filamentous plant body may get attached with the stone, wood, leaves of aquatic plants,
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small branches of dead plant remain in water etc. by their basal cell the holdfast. Some species
like O. terrestris are terrestrial.

Plant Body of Oedogonium:

The thalloid plant body is green, multi-cellular and filamentous. The filaments are unbranched
and cells of each filament are attached end to end and form uniseriate row (Fig. 3.72A). The
filament is differentiated into 3 types of cells: 1. Basal cell, 2. Apical cell and 3. Middle cells.

1. Basal Cell:

It is the lowermost cell of the fila-ment. The cell is long, gradually narrowed and towards the
basal end it expands to form simple, disc-like, multilobed or finger-shaped structure. The cell is
generally colourless, which performs the function of fixation to the substratum and called
holdfast.

2. Apical Cell:

It is the topmost cell of the filament. The cell is usually rounded towards apical side and green
in colour.

3. Middle Cells:

All the cells in between basal and apical cells are alike. The cells are longer than their breadth
i.e., rectangular in shape.

Reproduction in Oedogonium:

Oedogonium reproduces by all the three means: vegetative, asexual and sexual.

Vegetative Reproduction:

It takes place by fragmentation and akinete formation:

1. Fragmentation:

It takes place by accidental breakage of the filament, dying off of inter-calary cells or by the
formation of intercalary sporangia. The fragments are capable of developing into new filaments.
2. Akinete:

During unfavourable condition the entire protoplast of a cell becomes a thick-walled, reddish-
brown, round or oval structure, the akinete. The akinete germi-nates during favourable condition
and develops a new filament. They generally form in chain.

Asexual Reproduction:

Asexual reproduction takes place by means of zoospores (Fig. 3.74A-C). Zoospores are formed
singly within a cell. Comparatively younger cell i.e., the cell with cap behaves as sporangium
mother cell. The zoospores are multiflagellate and ovoid, pyriform or spherical in shape. They
are uni-nucleate with single chloroplast and occasio-nally with an eye-spot.During favourable
condition, the zoospore formation begins in a cap cell of the filament. The entire protoplast of
zoosporangium contracts from the wall and behave as a unit. The proto-plast becomes round

or oval in shape and its nucleus moves at one .
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Sexual Reproduction:

The sexual reproduc-tion in Oedogonium is an advanced oogamous type. The male gametes or
antherozoides are produced in antheridium (Fig. 3.75) and the female gamete or egg is
produced in oogonium (Fig. 3.76). Male and female gametes differ both morphologically and
physiologically.

Only one egg is produced in each oogonium and two antherozoides in each antheridium.
Another motile structure, the androspore, is produced singly in each androsporangium.
Deficiency of nitrogen and alkaline pH are the important fac-tors for promoting sexual
reproduction.

Life Cycle of Oedogonium:
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Fig. 3.80 : Life cycle of macrandrous dioecious species of Oedogonium

VOLVOX CLASSIFICATION
Volvox is classified in the class Chlorophyceae due to the presence of chlorophyll.

Kingdom Plantae

Class Chlorophyceae
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Order Chlamydomonodales

Family Volvocaceae

Genus Volvox

Common species are Volvox aureus, Volvoxglobator, V. carteri, V. barberi, etc.

Volvox Characteristics
e Asingle colony of volvox looks like a ball of ~0.5 mm in diameter

e The plant body of volvox is a hollow sphere called coenobium, thousands of cells are
arranged in the periphery of the sphere

e The cells of coenobium are of two types, germ cells and flagellated somatic cells
o Extracellular matrix of coenobium is made up of glycoproteins

e Individual cells are spherical in shape

e They have a cup-shaped chloroplast

e Chloroplast contains pyrenoids

o The cell has a nucleus, vacuoles and an eyespot

e Two equal-sized flagella are present in each cell anteriorly. The coordinated movement
of flagella enables the colony to move in the water

e Each cell performs all the metabolic functions independently such as respiration,
photosynthesis, excretion, etc.

e Cytoplasmic strands formed during cell division connects adjacent cells

o Polarity exists in the coenobium as cells of the anterior region have bigger eyespots than
cells of the posterior region

o Eyespot is used for light reception, cells with larger eyespot are grouped together, and
they facilitate phototaxis movement

e Volvox significantly contribute to the production of oxygen and also many aquatic
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organisms feed on them

e Volvox aureus may multiply rapidly, resulting in the harmful algal bloom (HAB). HAB is
more frequent in warm waters having a high nitrogen content

Volvox Life Cycle

e The life cycle of Volvox is haplontic, i.e. the dominant stage is free-living haploid (n)
gametophyte and the sporophyte is represented only by the diploid zygote (2n)

o Volvox show cell differentiation in terms of reproductive and somatic cells

e Most of the species reproduce by both mechanism, asexual under the favourable
condition and sexual reproduction during the unfavourable condition

o In asexual reproduction, reproductive cells known as gonidia produce daughter colonies,
which on maturing, are released from the parent

e The gonidium undergoes multiple division to form a colony of around 3200 cells
e Sexual reproduction is oogamous
e Each coenobia may be monoecious or dioecious

o Sexual reproduction is by male and female reproductive cells known as spermatozoa
and ova respectively

e Anovum is produced inside the oogonium. Ova are large and non-motile. They are green
in colour due to the presence of chloroplasts. It contains pyrenoids and has food storage

e Spermatozoa are produced inside the antheridium in a bunch. Each sperm is spindle-
shaped having a pair of apical cilia

o Biflagellatedantherozoids are released either in a group or individually

e Antherozoids get attracted towards oogonium by the chemotactic movement. They
break the wall of oogonia by the action of proteolytic enzyme

e Out of many sperms that enter, only one antherozoid fertilises the egg
e Ova and spermatozoa undergo fertilization to form a diploid zygote
e Zygote forms cyst and becomes red due to the accumulation of hematochrome

e The zygote detaches from the parent after the disintegration of the parent and remains
dormant for a longer duration
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e The zygote undergoes meiotic cell division to form four haploid cells.

e They further undergo multiple mitotic cell division to form a colony and the life cycle .

CHARA: OCCURRENCE, STRUCTURE AND REPRODUCTION | ALGAE

Systematic Position:

Class - Chlorophyceae
Order . Charales
Family - Characeae
Genus z Chara

Occurrence of Chara:

Chara is a fresh water, green alga found submerged in shallow water ponds, tanks, lakes and
slow running water. C. baltica is found growing is brackish water and C. fragilis is found in hot
springs. Chara is found mostly in hard fresh water, rich in organic matter, calcium and deficient
in oxygen. Chara plants are often encrusted with calcium carbonate and hence are commonly
called stone wort.

Chara often emits disagreeable onion like odour due to presence of sulphur compounds. C.
hatei grows trailing on the soil C. nuda and C. grovesii are found on mountains, C. wallichii and C.
liydropitys are found in plains.

In India Chara is represented by about 30 species of which common Indian species are:

C. zeylanica, C. braunii, C. gracilis, C. hatei and Csgymnoptiy etc.

Structure of Chara:

The thallus of Chara is branched, multicellular and macroscopic. The thallus is normally 20-30
cm. in height but often may be up to 90 cm to | m. Some species like C. hatei are small and may
be 2-3 cm. long. The plants in appearance resemble Equisetum hence Chara is commonly called
as aquatic horsetail. The thallus is mainly differentiated into rhizoids and main axis (Fig. 1).
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Fig. 1. Chara. External features.

Rhizoids:

The rhizoids are white, thread like, multicellular, uniseriate and branched structures. The
rhizoids arise from rhizoidal plates which are formed at the base of main axis or from peripheral
cells of lower nodes. The rhizoids are characterized by presence of oblique septa (Fig. 2).

The tips of rhizoids possess minute solid particles which function as statoliths. The rhizoids
show apical growth. Rhizoids help in attachment of plant to substratum i.e., mud or sand, in
absorption of minerals and in vegetative multiplication of plants by forming bulbils and
secondary protonema.

Main Axis:

The main axis is erect, long, branched and differentiated into nodes and internodes. The
internode consists of single, much elongated or oblong cell. The inter-nodal cells in some
species may be surrounded by one celled thick layer called cortex and such species are called
as corticate species.

Reproduction in Chara:Reproduction in Chara takes place by vegetative and sexual methods.
Asexual reproduction is absent.

(i) Vegetative Reproduction in Chara:

Vegetative reproduction in Chara takes place by following methods:

(a) Bulbils:

The bulbils are spherical or oval tube-like structures which develop on rhizoids t . C. aspora or
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on lower nodes of main axis e.g., C. baltica. The bulbils on detachment from plants germinate
into new thallus (Fig. 6 A).

(b) Amylum Stars:

In some species of Chara e.g., C. stelligna, on the lower nodes of main axis develop multicellular
star shape aggregates of cells (Fig. 6 B). These cells are full of amylum starch and hence are
called Amylum stars. The amylum stars do detachment from plants develops into new
Charathalli.

c) Amorphous bulbils:

The amoiphous bulbils are group, many cells, irregular in shape which develop on lower node
main axis e.g., C. delicatula or on rhizoids e.g., C. fragifera and C. baltica. The amorphous bulbils
are perennating structures, when the main plant dies under unfavorable conditions; these bulbils
survive and make Chara plants on return of favourable conditions

(d) Secondary Protonema:

These are tubular or filamentous structure which develops from primary protonema or the basal
cells of the rhizoids. The secondary protonema like primary protonema form Chara plants.

Sexual Reproduction in Chara:
The sexual reproduction in Chara is of highly advanced oogamous type. The sex organs are
macroscopic and complex in organization.

The male sex organs are called antheridium or globule and the female oogonium or nucule.
Most of the Chara species are homothallic i.e., the male and male sex organs are borne on the
same nodes, (Fig. 7) e.g., C. zeylanica. Some species e.g., C. wallichii are heterothallic i.e., male
and female sex organs are borne on different plants.

Globule:The globule is large, spherical, red or yellow structure.

Fertilization:when the oogonium is mature, the five tube cells get separated from each other
forming narrow slits between them.

Oospore:

The mature oospore is hard, oval, ellipsoid structure which may be brown e.g., C. inferma, black
e.g., C. corallina or golden brown e.g., C. flauda. The oospore inside contains a diploid nucleus
and many oil globules in cytoplasm.

On maturity of oospore the inner walls of tube cells get thickened, suberised and silicified. The
oogonial as well as oospore walls become thick. Tnation of Oospore:
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Life Cycle of Chara:

The plant body of Chara is haploid. The vegetative reproduction takes place by the formation of
amylum stars, bulbils and secondary protonema. Asexual reproduction is absent. The sexual
reproduction is advanced oogamoustype.The male and female sex organs are globule and
nucule respectively. After fertilization a diploid spore is formed. At the time of germination
diploid oospore nucleus divides to make hapoid nuclei and haploid Chara plant. Thus the life
cycle of Chara a predominantly haploid type .
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Fig. 12. Chara. Diagrammatic life Cycle

ECONOMIC IMPORTANCE OF ALGAE:1. 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
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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.

6. Binding Agent: Algae act as the binding agents against natural processes such as erosion.

7. Biological indicator: Algae are very sensitive. If there is a slight change in the environment
their pigments changes or might get died. The water pollution is checked with the help of Algae
like Euglena and Chlorella.
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Vaucheria:

Systematic Position:

Class: Chlorophyceae

Order: Siphonales

Family: Vaucheriaceae

Genus : Vaucheria

Occurrence of Vaucheria:

Vaucheria is represented by 54 species of which about 19 species are found in India. Vaucheria
is found mostly in fresh water but about six species are marine and some are terrestrial found
on moist soil.The terrestrial species like V. sessilis and V. terrestris form green mats on moist
soil in shady places in green houses. V. amphibia is amphibous. V. jonesii was reported by
Prescott (1938) in winter ice in U.S.A. The common Indian species of Vaucheria are V. amphibia,
V. geminata, V. polysperma, V. sessilis and V. uncinata etc.

Thallus:

The thallus is made of long, cylindrical well branched filaments. The filament is aseptate,
coenocytic structure. The thallus is attached to substratum by means of branched rhizoids or
branched holdfast called the haptera. The thallus of V. mayyanadensis is differentiated in
subterranean branched rhizoidal system and an erect aerial system. The filaments are rough,

interwoven and appear as dark green felt like structure.
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Fig. 1. (A, B). V(m}chedl structure, (A) Entire thallus, (B) A part of thallus

Reproduction in Vaucheria:

Reproduction in Vaucheria takes place by vegetative, asexual and sexual methods.(i) Vegetative
Reproduction in Vaucheria:The vegetative reproduction takes place by fragmentation. The
thallus can break into small fragments due to mechanical injury or insect bites etc. A septum
develops at the place of breaking to seal the injury. The broken fragment develops thick wall

and later on develops into Vaucheriathallus.

(ii) Asexual Reproduction in Vaucheria:
The asexual reproduction takes place by formation of zoospores, aplanospores and akinetes.(a)
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By Zoospores:The zoospores formation is the most common method of reproduction in aquatic
species. In terrestrial species it takes place when the plants are flooded. Zoospore formation
takes place in favourable seasons or can be induced if aquatic species are transferred from
light to darkness or from running water to still water.

(b) By Aplanospores:

Aplanospores are commonly observed in species. V. geminata, V. uncinata and in marine
species V. pitoboloides. The aplanospores are generally formed by terrestrial species.Aquatic
species form aplanspores under unfavorable condition of drought. The aplanospores are non-
motile asexual spores formed in special structures called aplanosporangia (Fig. 3 A-C). The
aplanospores are produced singly in cells at the terminal end of the short lateral or terminal
branch.

(c) By Akinetes:Akinetes are thick walled structures formed during unfavorable conditions like
drought, and low temperature. The akinetes have been commonly observed in V. geminata, V.
megaspora and V. uncinata.

The akinetes are formed on the terminal part of lateral branches where protoplasm migrates to
the tips followed by cross-wall formation (Fig. 4). These multinucleate, thick walled segments
are called akinetes or hypnospores.

(i) Sexual Reproduction in Vaucheria:
In Vaucheria sexual reproduction is of advanced oogamous type. The male and female sex
organs are antheridia and oogonia, respectively.

Majority of the freshwater species are monoecious or homothallic while some species like V
dichotoma, V. litorea and V. mayyanadensis are dioecious or heterothallic. There are different
types of arrangement of antheridia and oogonia in homothallic species. The position, structure
and shape of antheridia are of taxonomic importance in Vaucheria.

Structure and Development of Antheridium:The mature antheridia may be cylindrical, tubular,
straight or strongly curved. The antheridium is separated from main filament by a septum. The
antheridia can be sessile (without stalk) arising directly from main branch e.g., V. civersa. The
antheridia may be placed high on the branch the antheridia are situated on androphore V.
synandra.

Structure and Development of Oogonium:Theoogonium development starts with accumulation
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of colourless multinucleate mass of cytoplasm near the base of antheridial branch. This
accumulated cytoplasm has been termed as “wanderplasm”. The wanderplasm enters into the
outgrowth or bulging of the main filament. This outgrowth is called as oogonial initial.

Germination of oospore:

The oospore undergoes a period of rest before germination. During favourable season the
oogonial wall disintegrates and the oospore is liberated. The oospore germinates directly into
new filaments.

Life Cycle of Vaucheria:

According to Williams, Hanatsche and Gross the life cycle of Vaucheria is haplontic, the oospore
being the only diploid structure in life cycle (Figs. 8, 9). Vaucheriathallus is haploid. It is aseptate,
branched, tubular and coenocytic structure.

Vegetative re-production takes place by fragmentation. Asexual reproduction takes place by
zoospore in aquatic species and by aplanospores in terrestrial species.

Zoospores,

Aplanospores

Akinclos

ASEXUAL
CYCLE

VAUCHERIA

N\

Antheridla Oogonia
(n}

SEXUAL
REDUCTION Antherozoid Owum
CYCLE (n) ' ()

{2n)
Fig. 8. Graphic life cycle of Vavcheria
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Occurrence of Diatoms:

Diatoms are found in all possible habitats. Commonly they are found in fresh water (Denticula
tenuis, Naviculapupula, Meridioncirculare, Cymbellaventricosa, Melosiravariens, Amorphaovalis
etc.), sea water (Corethron, Biddulphia, Sceletonema, Fragilaria, Tropido- nensis etc.) and soil
(Pinnularia, Navicula, Frustulia etc.).The terrestrial species (Amorpha, Navicula, Pinnularia etc.)
are able to withstand desiccation for a long period. Some diatoms (Gomphonima, Cymbella etc.)
can grow as epi-phyte on other algae (Enteromorpha, Cladophora etc.) and higher plant.
Licmophora, a member of diatom, grows endozoically.

Plant Body of Diatoms:

Plant body is unicellular, generally moves singly. The cells are of different shapes viz. round,
oval, elongated, rod-shaped, triangular, disc-shaped etc. Sometimes they become aggre-gated
and get embedded in a gelatinous matrix, but they do not behave like multicellular orga-nisms.

Fig. 3.100 : Different forms of Diatom : A. Lic
5 ] £

and H. Bacimana paradoxa

Cell Structure of Diatoms:

The cell consists of cell wall and protoplast (Fig. 3.101 A, B, C). The cells are covered by a
siliceous wall, the frustule. It consists of two overlapping halves, the theca. The upper one is
epitheca and lower one is hypotheca.

Protoplast:

The entire content present inside the cell wall is the protoplast. The cell membrane encloses a
large central vacuole surrounded by cytoplasm. The cytoplasm contains single nucle-us,
mitochondria, golgi bodies and chloroplasts. The chloroplasts may be of different shapes like
stellate, H-shaped, discoid etc. In some species the chloroplasts contain pyrenoids.

The photosynthetic pigments are chlorophyll a, ¢ and ¢z, B-carotene, fucoxanthin, diatoxanthin
and diadinoxanthin. The latter two are pre-sent in small quantity. (The golden-brown colour of
diatom cells is due to the presence of xanthophylls like fucoxanthin, diatoxanthin and
diadinox-anthin.

Locomotion:All diatoms with raphe are motile. Most of the members of the order Pennales
contain raphe and perform gliding movement. The gliding movement is caused by the
circulation of cytoplasm within the raphe by the release of mucilage. The rate of movement
varies from 02-25 pym/sec. The locomotion is affected by temperature, light etc.
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Reproduction of Diatoms:

1. Vegetative Reproduction:

Vegetative reproduction performs with the help of cell division (Fig. 3.102). It takes place
usually at midnight or in the early morning.During cell division the protoplast of the cell enlarges
slightly, thus the cell increases in volume and slightly separates both the theca (epitheca and
hypotheca). Then the protoplast undergoes mitotic division and gets separated along the
longitudinal axis through the median line.Thus one half of protoplast remains in epitheca and
the other one in hypotheca. One side of the protoplast thus remains naked. Now both the theca
i.e., epitheca and hypotheca of mother cell behave as epitheca of the daughter cells.

2. Sexual Reproduction:

The pattern of sexual reproduction differs in both orders — Pennales and Centrales. During this
process, auxospore is formed in both the groups. During cell division, those cells become
reduced in size, are able to regain their normal size through the formation of auxospore, so it is
a “restorative process” rather than multiplication.

Auxospore Formation in Centrales

It takes place by autogamy and oogamy:

1. Auxospore Formation by Autogamy:

The protoplast of the vegetative cell (Fig. 3.107) secretes mucilage which separates both the
theca. The nucleus (2n) then undergoes meiosis and forms four nuclei. Of the four nuclei two
degenerate and the other two undergo fusion to form diploid (2n) nucleus again.This is called
autogamy. The protoplast with 2n nucleus func-tions as an auxospore. The auxospore forms
fresh frustule inside the perizonium covering and forms cell of normal size. It is found in
Melosiranummuloides.

2. Auxospore Formation by Oogamy:

Oogamy takes place by the fusion of egg and sperm developed inside the oogonium and
antheridium respectively (Fig. 3.108).

Oogonium:

Single vegetative cell behaves as an oogonium. The protoplast of oogonium undergoes meiotic
division and forms four nuclei. Of the four nuclei three degenerate and the remaining one
functions as an egg.

Antheridium:

The pattern of development of sperms varies in different species. In species like
Melosiravarians the protoplast undergoes meiotic division and forms four haploid nuclei. Each
haploid nucleus with some protoplast metamor-phoses into an uniflagellate (tinsel type) sperm.
In others the number of sperms may go up to 8 or even 128.
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Fertilization:

After coming out of the antheri-dium only one sperm enters inside the oogonium and fertilises
the egg. The resultant zygote under-goes mitotic division but one nucleus degene-rates in each
division. The remaining nucleus with its protoplast behaves as an auxospore. The auxospore
then develops new wall inside the perizonium covering and forms new cell of normal size like
the mother. It is also called firstling cell.

Occurrence of Ectocarpus:

Different species of the genus Ectocarpus (Cr. ekos — external and kapos — fruit) is found
throughout the world, out of which 16 species are found in India. They grow in marine habitat,
either free-floating, epiphytes (on other sea plants) or lithophytes (on rocks). They are
commonly available in both tropical and temperate seas. In India they are commonly found in
the western coast.Species like E. spongiosus and E. conigerare are free-floating, E.
breviarticulatus and E. coniferus grow on larger algae like Laminaria and Fucus as epiphytes. E.
dermonematis is endophytic and E. fasciculatus is an epizoic species, grows on the fins of
fishes.

Plant Body of Ectocarpus:

The plant body is filamentous and hetero-trichous, which is differentiated into prostrate and
erect systems.The prostrate system is profusely branched and attached with the substratum.
Some species like E. filiferetc, develop multicellular hairs from the prostrate system.The erect
system develops from the prostrate system which remains free-floating. It is much branched
and well-developed. Both the main axis and branches are uniseriate (monosi- phohous), but the
lower part may become multiseriate (polysiphonous) clue to longitudinal division e.g., E.
geminifructus.

Features of Ectocarpus:

1. It is a marine brown alga, distributed throughout the temperate and tropical seas of the world.
2. Plant body is filamentous, much branched and heterotrichous, having basal rhizoids and well-
developed branched erect system.

3. Both sporophytic and gametophytic plants are alike (isomorphic).

Reproduction in Ectocarpus:

Ectocarpus reproduces both asexually and sexually:

Asexual Reproduction:

It takes place by zoospores. The zoospores are biflagellate having one whiplash and other tinsel
-type of flagellum. The diploid plant (2n) develops two types of sporangia. These are unilocular
sporangia and pleurilocular or neutral sporangia (Fig. 3.11 OB, C). The unilocular sporangia
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develop haploid zoospores i.e., zoomeiospores, but the plurilo~cular sporangia develop diploid
zoospores.The zoospores formed from plurilocular sporangia are alike with the zoospores i.e.,
zoomeiospores developed in unilocular sporan-gia but are diploid. The zoospores of
plurilocular sporangia liberate through apical (Fig. 3.112E) or lateral aperture and on
germination they pro~duce the sporophytic (2n) plant.

Sexual Reproduction:

The sexual reproduction is both isogamous and anisogamous type. Oogamy is absent.
Anisogamy is very common. Anisogamy may be of two types : morphological anisogamy (E.
secundus) and physiological anisogamy (E. siliculosus). The gametes are produced inside the
pluriloculargametangia, developed on haploid plants.

Fertilisation:

Majority of the species show physiological anisogamy (Fritsch, 1945), but morphological
anisogamy is observed in E. secundus. In physiological anisogamy both the uniting gametes are
morphologically similar but in morphological anisogamy female gamete is larger than the male
gametes.During fertilisation, many male gametes encircle the female gamete and get entangled
by the anterior large flagellum. This stage is called clump formation). Out of many, only one
male gamete fuses with the female gamete (Fig. 3.113D, E) and the remaining gametes go
astray and gradually get destroyed.The uniting gametes then form zygote through plasmogamy
and karyo- gamy.

Germination of Zygote:

The zygote under-goes germination without any reduction division and rest. On germination it
develops into a sporophytic (2n) plant. The sporophytic plant again develops unilocular and
plurilocular sporangia.

Common Indian species:

Ectocarpusarabicus, E. filife, E. enhali, E. coniger, E. zeylanicus, E. rhodochortonoides etc.

Life Cycle of Ectocarpus:

Edit with WPS Office



ASEXL AL
REPRODUCTION
Plurilocular Foospore
sporangia

Ecrocanpus
Sporophytic
il ] e SN
nilocular =
sporangia < 2 __:',C-
(=2}

Zygote

FF
P (2n)

=2
B
DIPLOPHASE

[ ME10§3}-S (ONIGH]
S  HAPLOPHASE Zlodisn]
\r_—f‘j (—)gamate|

+Jlgamets

FZoomeiospore =
Gametangium

CGiametophytic
plant {n}
Fic 32.115 : Graphic life cycle of Ectocarowus sp. -

Dictyota:

Family Dictyotaceae:

Plants are of moderate to large size, simple or branched, the divisions growing from apical cells
or marginal rows of apical cells, forming fan-like foliaceous, strap- shaped branching thalli,
usually composed of cortical and medullary layers of cells. Sexual and asexual generations are
distinct, the plants of the two phases similar in form.Asexual reproductive elements consist of
sporangia in which four or eight aplanospores (commonly called tetraspores) are produced.
Sexual reproductive elements, eggs are borne singly in the superficial oogonia; and
uniflagellateantherozoids, borne in the superficial antheridia.

Genus Dictyota of Dictyotaceae:

This genus is characterized by an isomorphic alternation of generations, with the growth of
thalli initiated by a single apical Cell. It is an annual of the warm seas and is common along the
Indian coast, usually in rocky pools between the tide marks.The upright portion has a lower
cylindrical stalk-like struc-ture gradually expanding into dichotomously branched ribbon-like in
form (Fig. 116A). A mature thallus consists of a middle layer of large colourless cells with few
or no chromatophores bounded by layers of small assimilating cells, densely packed with
chromatophores.

Polysiphonia: Occurrence, Features and Reproduction

Occurrence of Polysiphonia:

The genus Polysiphonia (Gr. poly — many; siphon — tube) is represented by more than 150
species, out of which about 16 species are reported from India. They grow in marine habitat and
are cosmopolitan in distribution.
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T
Fig. 3.130 . Types of red aigae : A. Feathery thalius of Polysiphomna. B. Leat like thallus of Grnnelia, C. Fiat thalius of
Pomphyra and O. Brancned thalus of Chomdrs

Plant Body of Polysiphonia:

Plant body is multiaxial well branched thallus of dark brown, reddish or bluish red colouration
appearing as a very small bush (Fig. 3.131 A). The height of the bush varies from a few to
several centimeters.Most of the species are heterotrichous in habit, consisting of prostrate and
erect systems.

Prostrate System:

It may be multiaxial and well developed. From the lower side of the prostrate system many
unicellular rhizoids are developed (Fig. 3.131B, C). The rhizoids are much lobed at the apex and
form definite attach-ment discs (e.g., P. urceolata, P. nigrescens). [In P. elongata and P.
violacea, the prostrate system is absent and many rhizoids develop from the lower-most cells
of the erect system and by aggregation they form massive attachment disc.

Cell Structure of Polysiphonia:

The cells have thick wall, differentiated into outer pectic and inner cellulosic layers. The cells are
uninucleate with many discoid chro-matophores without pyrenoids. Neighbouring cells are
connected by pit connections. The cells contain large central vacuole. Reserve food is floridean
starch.

Important Features of Polysiphonia:

1. Plant body is polysiphonous.

2. Apical growth takes place by single dome- shaped apical cell.

3. Sexual reproduction is of advanced ooga-mous type.

4. Post-fertilisation stage is much elaborate.

5. Cystocarp is well-developed.

Reproduction in Polysiphonia:

Polysiphonia reproduces both asexually and sexually. Sexual reproduction is of oogamous type.

In the life cycle of Polysiphonia three kinds of plants are recognised.
These are:

1. Diploid tetrasporophyte,

2. Haploid gametophyte, and

3. Diploid carposporophyte .
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1. Diploid Tetrasporophyte:

It develops on direct germination of carpospore (2n = 40), thus the plant is diplsid (2n). It is an
independent plant which, instead of developing sex organs develops tetrasporangia. The diploid
nucleus of tetrasporangia undergoes meiosis and develops four (4) haploid (n = 20) tetraspores.
2. Haploid Gametophyte:

It develops on direct germination of tetraspore (n); thus the independent plant is haploid (n).
Most of the species are heterothallic, thus the spermatangia (male sex organ) and carpogonia
(female sex organ) are developed on different plants.

3. Diploid Carposporophyte:

This stage is diploid (2n) and dependent on haploid gameto-phytic plants. The union between
haploid (n) spermatium (developed inside spermatangium) and haploid female gamete
(developed inside carpogonium) forms diploid (2n) nucleus inside the carpogonium.

Asexual Reproduction:
Asexual reproduction takes place by haploid non-motile tetraspores.The carpospores (2n) on
direct germination develop diploid tetrasporophytic plants. The plants are independent and

Development of Tetraspores:

Tetraspores are produced in tetrasporangia. Single pericentral cell of each tier, towards apical
region functions as tetrasporangial initial (Fig. 3.133B). This initial cell is smaller than other
pericentral cells of any particular tier. This initial cell divides vertically into inner and outer
cells.The inner cell func-tions directly into sporangial mother cell and the outer cell further
divides and forms two or more cover cells. The sporangial mother cell divides transversely into
lower stalk cell and upper tetra- sporangial cell.The latter undergoes further enlargement and
develops into a tetrasporan-gium. The diploid nucleus of tetrasporangium undergoes meiosis
and forms 4 tetraspores or meiospores. The tetraspores are arranged tetra-hedrally inside the
tetrasporangium.The mature tetraspores are liberated by rup-turing the wall of the sporangium.
On germina-tion they develop gametophyticpolysiphonous plant. Being heterothallic, out of four
tetraspores, two produce male and the remaining two pro-duce female gametophytic plants.

Sexual Reproduction:

Sexual reproduction is of oogamous type. Plants are commonly dioecious. The male sex organs
i.e., spermatangia and female sex organs i.e., carpogonia, are developed on male and female
plants, respectively.

1. Male Reproductive Organ:

It is called spermatangium or antheridium.Initially male trichoblast develops as side branch on
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the plant body (Fig. 3.134A). It becomes branched. In some species both the branches become
fertile, but in others only one remains fertile and the rest undergo repeated dichotomy to form
dichotomous sterile structure.The monosiphonous fertile branch(es) of male trichome bears
many unicellular and spherical spermatangia. Each spermatangium is a uni-nucleate structure
which produces single sper-matium, the male gamete.During development of spermatangium
(Fig. 3.134B-D), all cells except a few basal cells, divide periclinally and form pericentral cells on
both the sides. Each pericentral cell undergoes several divisions and forms spermatangial
mother cells. Each one cuts off 2-4 unicellular bodies, the spermatangia. Each spermatangium
develops into a single non-motile male gamete, the spermatium.The spermatia are liberated
from the sper-matangium, through a narrow apical slit on the wall. The spermatia are dispersed
through water.

2. Female Reproductive Organ:

The female reproductive organ is called carpogonium.The carpogonium develops at the top of 2
-5 celled carpogonial filament (Fig. 3.135). The carpogonial filament develops on the female
tricho-blast. The carpogonium is a flask-shaped body, with a basal swollen region containing an
egg and an upper elongated neck region, the trichogyne.During development of carpogonium,
ini-tially a female trichoblast initial is developed on central siphon, a few cells (3-4) below the
apical cell. The female trichoblast initial, then undergoes repeated divisions and forms a female
trichoblast of 5-7 cells. The lowermost three cells of the female trichoblast divide vertically and
form three tiers of pericentral cells.Any one of the pericentral cells of the middle tier towards the
mother axis becomes the supporting cell. The supporting cell cuts off a small initial at its
outside, the procarp initial (Fig. 3.135A). The procarp initially undergoes repeated divisions and
forms a 4-celled branch, the procarp or carpogonial filament (branch) (Fig. 3.135B).The apical
cell of the carpogonial filament functions as carpogonium mother cell. The cell further develops
into a carpogonium. The carpogonium has a swollen basal region containing egg and an
elongated tubular region, the trichogyne (Fig. 3.135C).At the later stage, the carpogonium
develops two initials from the supporting cell, one at the base, the basal sterile filament initial
(Fig. 3.135D) and another at the lateral side, the lateral sterile filament initial. The lateral sterile
initial divides transversely and forms two-celled lateral sterile filament (Fig. 3.135E).
Fertilisation:

The spermatia are dispersed with the help of water. A few spermatia become attached at the tip
of the. receptive trichogyne. Out of many, only one becomes successful. The common wall of
successful spermatium and trichogyne dissolves at the point of contact and the male nucleus
passes to the female nucleus present at the base of the carpogonium. The fusion between the
nuclei results in the formation of zygote.
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Many vegetative filaments then develop from the adjacent vege-tative pericentral cells, which
gradually develop the total covering. The diploid nucleus of auxiliary cell then divides mitotically
and forms two nuclei. One of them then migrates into the outgrowth developed on the auxiliary
cell.

Germination of Carpospore:

Coming in contact with any solid surface, the diploid carpospore gets attached and then
undergoes first mitotic division and forms large upper and small lower cells (Fig. 3.136F, G).
Both the cells undergo mitotic division and form 4 celled stage.The lower most cell forms the
rhizoid, the upper one functions as apical cell and the rest cells undergo further development
and form the polysiphonous body. This plant body is diploid i.e., the tetrasporophytic plant,
which later develops the tetraspores and complete the cycle.

Life Cycle of Polysiphonia:

Life cycle of Polysiphonia consists of three distinct phases: diploid tetrasporophyte, haploid
gametophytes and diploid carposporophyte.Out of 4 tetraspores produced in tetraspo-rangia
on diploid tetrasporophytic plant, two tetraspores develop haploid (gametophytic) male and
other two haploid (gametophytic) female plants. The male gametophytic plants develop male
gametes inside spermatangia and female gametophytic plants develop female gametes inside
carpogonigia.Zygote develops inside carpogonium after gametic fusion. With gradual
development gonimoblast filament, carposporangia and carpospores are developed inside a
composite structure, the cystocarp. It is the carposporophytic stage. Diploid carpospore on
germination produces the diploid tetrasporo-phytic plant again.

Polysighania plant
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Fig. 3.138 : Graphic lile cycle of Polysiphonia sp.
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UNIT-III
FUNGI



Definitions of Fungi:

Fungi (singular fungus — mushroom, from Greek) are chlorophyll-less thallophytic
plant. Due to absence of chlorophyll, they are heterophytes i.e., depend on others for food.
They grow in various habitats and show much diversity in their structure, physiology and
reproduction. They developed long back in the geological time scale.

In common language, the fungi may be defined as non-green, nucleated
thallophytes. However, mycologists have defined fungi more scientifically. According to
Alexopoulos (1962), the fungi include nucleated spore bearing achlorophyllous organisms
that generally reproduce sexually and whose filamentous branched somatic structures are
typically surrounded by cell walls containing cellulose or chitin or both.

Habit and Habitat

The fungi grow in diverse habitats. In fact they are found in almost every available
habitat on earth where organic material (living or dead) is present. They are, thus, universal
in their distribution. Great many of them are terrestrial. They occur in soil which abounds in
dead, decaying organic materials.

The terrestrial fungi thrive best in humus soil. They are considered more advanced.
They produce non-motile reproductive cells which are dispersed passively by wind, water or
animals. Some fungi attack living organisms. They live in tissues of plants and animals.
Some fungi are aquatic.

The aquatic fungi are considered primitive. They live on decaying organic matter and
living organisms found in fresh water and produce flagellate (motile) reproductive cells which
swim to new localities. Many fungi grow on our foodstuffs such as bread, jams, pickles, fruits
and vegetables

Most of the fungi are terrestrial which grow in soil, on dead and decaying organic
material. Some grow on both plants and animals. They can grow on foods like jam, bread,
fruits etc. Some members are also found in water — aquatic fungi. They are also present in
the air. Thus the fungi are universal in their distribution.

Some fungi are found in drinking water. Thus, the fungi contaminate both our food
and drinking water. They are present all the time in air that we breathe. Majority prefer to
grow in darkness and dim light in moist habitats.

The fungi are plants of very varied habits. They lack chlorophyll and like animals are
unable to manufacture their own food from carbon dioxide and water. In their mode of
nutrition, the fungi thus differ from all green plants.

They obtain food readymade from an external source. All fungi are, therefore,
heterotrophs. In their mode of nutrition, they are heterotrophic. However, like all other plants,
they cannot ingest solid food but absorb it directly through cell membranes either by living as

saprophytes (saprobes) or parasites.



Thus, according to their mode of nutrition, the fungi are classified into two categories,
the saprophytes or saprobes and the parasites. The saprophytes grow where dead organic
matter abounds in the substratum. This mode of life is called saprophytic (saprobic). The
parasites live in or on the living bodies of other organisms (plants and animals) and obtain
food from them.

This mode of life is called parasitic. The best examples of parasitic fungi are the rusts
and smuts. The organism on which the parasite feeds is called the host or suspect. The
presence of the parasite may cause an abnormal condition of the host which is called
disease. The parasitic fungi are harmful organisms.

The thallus of a parasitic fungus may grow on the external surface of the host but
usually it is hidden from view. The former are called the ectoparasites (Vine molds) and the
latter endoparasites (Pythium debaryanum, Ustilago and rusts). In the endoparasites, the
unseen but vitally active thallus grows in the tissues of the host plant.

General characters of fungi
Fungi are the eukaryotic, achlorophyllous, and unicellular or multicellular organisms, which
may reproduce by asexual and sexual spores.
1. All are eukaryotic - Possess membrane-bound nuclei (containing chromosomes) and a
range of membrane-bound cytoplasmic organelles (e.g. mitochondria, vacuoles,
endoplasmic reticulum).
2. Most are filamentous - Composed of individual microscopic filaments called hyphae,
which exhibit apical growth and which branch to form a network of hyphae called a
mycelium.
3. Some are unicellular - e.g. yeasts.
4. Protoplasm of a hypha or cell is surrounded by a rigid wall - Composed primarily of chitin
and glucans, although the walls of some species contain cellulose.
5. Many reproduce both sexually and asexually - Both sexual and asexual reproduction often
result in the production of spores.
6. Their nuclei are typically haploid and hyphal compartments are often multinucleate -
Although the oomycota and some yeast possess diploid nuclei.
7. All are achlorophyllous - They lack chlorophyll pigments and are incapable of
photosynthesis.
8. All are chemoheterotrophic (chemo-organotrophic) - They utilise pre-existing organic
sources of carbon in their environment and the energy from chemical reactions to synthesize
the organic compounds they require for growth and energy.
9. Possess characteristic range of storage compounds - e.g. trehalose, glycogen, sugar
alcohols and lipids.
10. May be free-living or may form intimate relationships with other organisms i.e. may be

freeliving, parasitic or mutualistic (symbiotic).



Structure and Modification of mycelium
Thallus
The body of the fungus is called as 'thallus'.
Eucarpic thallus The thallus is differentiated into vegetative part, which absorbs nutrients,
and a reproductive part, which forms reproductive structure. Such thalli are called as

eucarpic. e.g. Pythium aphanidermatum.
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Holocarpic thallus The thallus does not show any differentiation on vegetative and
reproductive structure. After a phase of vegetative growth, it gets converted into one or more
reproductive structures. Such thalli are called as ‘'holocarpic' e.g. yeast, Synchytrium

endobioticum

Hyphae

Hyphae is a tubular, transparent filament, usually branched, composed of an outer cell wall
and a cavity (lumen) lined or filled with protoplasm including cytoplasm. Hyphae are divided
into compartments or cells by cross walls called septa and are generally called as septate
(with cross wall) or coenocytic (aseptate -without cross wall). Hyphae of most of the fungi

measure 5-10 ym across.

Clamp
connections
on hyphae
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septal pore nuclei
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Mycelium (pl. Mycelia)

The hyphal mass or network of hyphae constituting the body (thallus) of the fungus is called

as mycelium. The mycelium of parasitic fungi grows on the surface of the host and spread

between the cells and it is called intercellular mycelium. The mycelium of parasitic fungi,

which grows on the surface of the host and penetrates into the host cells and is called

intracellular mycelium. If the mycelium is intercellular, food is absorbed through the host cell

walls or membrane. If the mycelium penetrates into the cells, the hyphal walls come into

direct contact with the host protoplasm. Intercellular hyphae of many fungi, especially of

obligate parasites of plants (fungi causing downy mildews, powdery mildews and rusts)

obtain nutrients through haustoria.

Septa

Monokaryotic mycelium (uninucleate)

Mycelium contains single nucleus that usually forms part of haplophase in the life
cycle of fungi.

Dikaryotic mycelium (binucleate)

Mycelium contains pair of nuclei (dikaryon), which denotes the diplophase in the life
cycle of fungi.

Homokaryotic mycelium

The mycelium contains genetically identical nuclei.

Heterokaryotic mycelium

The mycelium contains nuclei of different genetic constituents.

Multinucleate or coenocytic mycelium

The fungal cell contains more than 2 nuclei.

Transverse septa occur in the thallus of all filamentous fungi to cut off reproductive

cells from the rest of the hypha, to separate off the damaged parts or to divide the hypha into

regular or irregular compartments or cells. There are two general types of septa in fungi viz.,

primary and adventitious. The primary septa are formed in association with nuclear division

and are laid down between daughter nuclei. The adventitious septa are formed

independently of nuclear division and are especially associated with changes in the

concentration of the protoplasm as it moves from one part of the hypha to another.
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Fungal cells are typically eukaryotic and have distinguished characteristics than that
of bacteria, and algae. The chief components of cell wall appears to be various types of
carbohydrate or their mixtures (upto 80-90%) such as cellulose, pectose, callose etc.,
cellulose predominates in the cell wall of mastigomycotina (lower fungi) while in higher fungi
chitin is present.

The living protoplast of the fungal cell is enclosed in a cell membrane called as
plasma membrane or plasmalemma. Cytoplasm contains organelles such as nucleus,
mitochondria, Golgi apparatus, ribosomes, vacuoles, vesicles, microbodies, endoplasmic
reticulum, lysosomes and microtubules. The fungal nucleus has nuclear envelope
comprising of two typical unit membrane and a central dense area known as nucleolus,
which mainly consist of RNA.

In multinucleate hyphae, the nuclei may be interconnected by the endoplasmic
reticulum. Vacuoles present inside the cell provide turgor needed for cell growth and
maintenance of cell shape. Beside the osmotic function, they also store reserve materials.
The chief storage products of fungi are glycogen and lipid. The apex of the hyphae are
usually rich in vesicles and are called as apical vesicular complex (AVC) which helps in the
transportation of products formed by the secretary action of golgi apparatus to the site where
these products are utilized.

Specialized Somatic Structures
Rhizoid

A rhizoid (Gr. rhiza = root + oeides = like) is a short, root-like filamentous outgrowth
of the thallus generally formed in tufts at the base of small unicellular thalli or small
porophores. Rhizoid serves as anchoring or attachment organ to the substratum and also as
an organ of absorption of nutrients from substratum. Rhizoids are short, delicate filaments

that contain protoplasm but no nuclei.



Rhizoids are common in lower fungi like Chytridiomycetes, Oomycetes and
Zygomycetes. Some species produce a many-branched rhizomycelium. This is an extensive
rhizoidal system that usually do not contains nuclei, but through which nuclei migrate. e.g.
Cladochytrium sp. On rhizomycelium numerous sporangia develop. Such thalli are
polycentric, that is, they form several reproductive centres instead of a single one where the

thallus is termed monocentric. Appressorium

sporangiophore ¢

— rhizoids

Appressorium (p1. appressorium; L. apprimere = to press against)

It is a simple or lobed structure of hyphal or germ tube and a pressing organ from
which a minute infection peg usually grow and enter the epidermal cell of the host. It helps
germ tube or hypha to attach to the surface of the host or substrates. These appressoria are
formed from germ tubes of Uredinales (rust fungi), Erysiphales (powdery mildew fungi) and

other fungi in their parasitic or saprophytic stages.

In addition to giving anchorage, appressoria help the penetrating hyphae, branches
to pierce the host cuticle. In fungi like Colletotrichum falcatum, germ tubes from conidia and
resulting hyphae form appressoria on coming in contact with any hard surface like soil etc.

These appressoria are thought to function as resting structures (chlamydospores) also.

Aapperessorium |

Haustoria

Haustoria (sing. haustorium; L. haustor = drinker) are special hyphal structures or
outgrowths of somatic hyphae sent into the cell to absorb nutrients. The hyphal branch said
to function as haustorium becomes extremely thin and pointed while piercing the hast cell
wall and expands in the cell cavity to form a wider, simple or branched haustorium.

Haustoria may be knob-like or balloon - like in shape, elongated or branched like a miniature



root system. The hyphae of obligate parasites of plants like downy mildew, powdery mildew

or rust fungi late blight fungus etc ., produce haustoria.

Hyphopodia:

Hyphopodium (pl. hyphopodia Gr. hyphe = web + pous = foot) is a small appendage
with one or two cells in length on an external hypha and function as absorbing structures.
The terminal cell of hyphopodium is expanded and rounded or pointed. Sometimes it
produces a haustorium. e.g. Ectophytic fungi (Meliola aesariae) attacking leaves of green

plants.

Aggregations of hyphae and tissues
a. Mycelial strand

Mycelial strands are aggregates of parallel or interwoven undifferentiated hyphae,
which adhere closely and are frequently anastomosed or cemented together. They are
relatively loose (e.g. Sclerotium rolfsii growth on culture medium) compared to rhizomorph.
They have no welldefined apical meristem. Mycelial strand formation is quite common in
Basidiomycetes, Ascomycetes and Deuteromycetes. Mycelial strands form the familiar
'spawn’ of the cultivated mushroom, Agaricus bisporus. Mycelial strands are capable of
translocating materials in both the directions. They are believed to afford means by which a
fungus can extend an established food base and colonize a new substratum, by increasing
the inoculum potential of the fungus at the point of colonization.
b. Rhizomorph

Rhizomorph (Gr. rhiza=root + morphe = shape) is the aggregation of highly
differentiated hyphae with a well defined apical meristem, a central core of larger, thin
walled, cells which are often darkly pigmented. These root-like aggregation is found in the
honey fungus or honey agaric Armillariella mellea (=Armillaria mellea). They grow faster
than the mycelial strands. The growing tip of rhizomorph resembles that of a root tip. The
fungus may spread underground from one root system to another by means of rhizomorph.
c. Fungal tissues

During certain stages of the life cycle of most fungi, the mycelium becomes
organized into loosely or compactly woven tissues. These organized fungal tissues are

called plectenchyma (Gr. plekein = to weave + encyma = infusion i.e., a woven tissue).



There are two types of plectenchyma viz., prosenchyma and pseudoparenchyma. When the
tissue is loosely woven and the hyphae lie parallel to one another it is called prosenchyma
(Gr. pros = toward + enchyma = infusion, i.e., approaching a tissue). These tissues have
distinguishable and typical elongated cells. Pseudoparenchyma (Gr. Pseudo = false)
consists of closely packed, more or less isodiametric or oval cells resembling the
parenchyma cells of vascular plants. In this type of tissues hyphae lose their individuality
and are not distinguishable. Cells in prosenchyma are thinwalled and cells in
pseudoparenchyma.

d. Stromata and sclerotia

Stromata are somatic structures of fungi.

i Stroma (pl. stromata; Gr. stroma = mattress) A stroma is a compact, somatic
structure or hyphal aggregation similar to a mattress or a cushion, on which or in which
fructifications of fungi are usually formed. They may be of various shapes and sizes. Hyphal
masses like acervuli, sporodochia, pionnotes etc. are the fertile stromata, which bear
sporophores producing spores.

ii. Sclerotium (pl. sclerotia; Gr. skeleros = hard)

A sclerotium is a resting body formed by aggregation of somatic hyphae into dense,
rounded, flattened, elongated or horn-shaped dark masses. They are thick-walled resting
structures, which contain food reserves. Sclerotia are hard structures resistant to
unfavourable physical and chemical conditions. They may remain dormant for longer periods
of time, sometimes for several years and germinate on the return of favourable conditions.
The sclerotia on germination may be myceliogenous and produce directly the mycelium e.g.
Sclerotium rolfsii, Rhizoctonia solani and S. cepivorum (white rot of onion). They may be
sporogenous and bear mass of spores. e.g. Botrytis cinerea. They may also be carpogenous
where in they produce a spore fruit ( ascocarps or basidiocarps) bearing stalk. e.g.
Sclerotinia sp. Claviceps purpurea (ergot of rye). Development of ascocarps is seen in
Sclerotinia, where stalked cups or apothecia, bearing asci, arise from sclerotia. In Claviceps
purpurea, sclerotia germinate and give rise to drumstick like structures called perithecial
stromata, which contain perithecia, flask-shaped cavities within which the asci are formed.
Mycorrhizae Mycorrhiza (pl. mycorrhizae; Gr. mykes = mushroom + rhiza = root)

It is the symbiotic association between higher plant roots and fungal mycelia. Many
plants in nature have mycorrhizal associations. Mycorrhizal plants increase the surface area
of the root system for better absorption of nutrients from soil especially when the soils are
deficient in phosphorus. The nature of association is believed to be symbiotic (mutualism),
non-pathogenic or weakly pathogenic. There are three types of mycorrhizal fungal
associations with plant roots. They are ectotrophic or sheathing or ectomycorrhiza,.

endotrophic or endomycorrhiza and ectendotrophicmycorrhiza.



REPRODUCTION

Reproduction is the formation of new individuals having all the characteristics typical

of a species. The fungi reproduce by means of asexual and sexual or parasexual

reproduction. Asexual reproduction is sometimes called somatic or vegetative and it does

not involve union of nuclei, sex cells or sex organs. The union of two nuclei characterizes

sexual reproduction.
ASEXUAL REPRODUCTION

In fungi, asexual reproduction is more important for the propagation of species.

Asexual reproduction does not involve union of sex organs (gametangia) or sex cells

(gametes) or nuclei. In fungi the following are the common methods of asexual reproduction.

1.

Fragmentation of mycelium

Mycelial fragments from any part of the thallus may grow into new individuals
when suitable conditions are provided.

Fission of unicellular thall

It is also known as transverse cell division. Reproduction by the method of
fission is are in fungi. Fission is simple splitting of cells into two daughter cells by
constricton and the formation of a cell wall. It is observed in
Schizosaccharomyces spp

Budding

Budding is the production of a small outgrowth (bud) from a parent cell. As the
bud is formed, the nucleus of the parent cell divides and one daughter nucleus
migrates into the bud. The bud increases in size, while still attached to the parent
cell and eventually breaks off and forms a new individual. It is common in
yeasts.(Saccharomyces sp. ). Scanning electron micrograph of the budding
yeast Saccharomyces cerevisiae.

Production of asexual spores

Reproduction by the production of spores is very common in many fungi.
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SPORES

The term 'spore'(Gr. spora=seed, spore) is applied to any small propagative,
reproductive or survival unit, which separates from a hypha or sporogenous cell and can
grow independently into a new individual. Spores may be unicellular or multicellular.
Multicellular spores are mostly with transverse septa and in some genera like Alternaria a
spore will have both transverse and longitudinal septa.

Each cell of a multicellular spore may be uninucleate, binucleate or multinucleate
depending on the fungal species. The spores may be in different shapes and sizes. They
may be spherical, oval or ovate, obovate, pyriform, obpyriform, ellipsoid, cylindrical, oblong,
allantoid, filiform or selecoid, falcate or fusion. The spores may be with or without simple or
branched appendages. The spores may be motile or nonmoatile. If the spores are motile they
are called planospores (Gr. Planets = wanderer) and non-motile spores are called
aplanospores. Spores may be thin or thick-walled, hyaline or coloured, smooth or with
ornamented walls.

The following types of ornamentations are found on the walls.

Asexual spores The spores produced asexual means are:

a. Sporangiospores

b. Conidia

c. Chlamydospores
a. Sporangiospores

Sporangiospores may be motile (planospores) or nonmotile spores (aplanospores).
In simpler fungi sporangiospores are usually motile and are called zoospores. These spores
are produced in lower fungi, which inhabit aquatic or moist terrestrial substrates.
sporangiospores are formed in globose or sac-like structure called sporangium (pl.
sporangia; Gr. Spora = seed, spore + angeion = vessel). In the zygomycetes and especially
in the Mucorales, the non-motile asexual spores called aplanospores are contained in

globose sporangia surrounding a central core or columella.

Sporangia are also known in which there is no columella, or where the spores
(aplanospores) are arranged in a row inside a cylindrical sac termed a Merosporangium (e.g.
Syncephalastrum spp. Mucorales). These aplanospores may be uni or multinucleate and are
unicellular, generally smoothwalled, globose or ellipsoid in shape. When aplanospores
mature, they may be surrounded by mucilage and rain splash or insects usually disperse
such spores. When aplanospores are dry then are dispersed by wind currents. The
sporangiospores for sporangium may vary from several thousands to only one. In some
fungi few-spores sporangia are called Sporangiola. Sporangiola are dispersed as a unit. e.g.
Choanephora sp. and Blakeslee sp. in Choanephoraceae of Mucorales. In holocarpic thalli,

the entire thallus (without differentiation of a sporophore) becomes a sporangium.



Its contents cleave into a number of segments which round off and become
zoospores. In eucarpic thalli, a part of the thallus, or special branches from thallus, function
as or produce sporangia. In terrestrial and plant parasitic forms of lower fungi, the
sporangium may function as spore and no zoospores are formed. In others zoospores are
formed within the sporangium itself or the inner wall of the sporangium may grow out into a
short or long tube which swells to form a vesicle. The contents of the sporangium move into
a vesicle and the zoospores are differentiated. E.g. Pythium aphanidermatum.

Zoospore (Gr. Zoon = animal + spora = seed, spore)

It is an asexually produced spore, which is motile by means of flagellum or flagella.
Zoospore is naked and its covering is only a hyaloplasm membrane. Normally, zoospores
are uninucleate and haploid. Zoospores may be spherical, oval, pyriform, obpyriform,
elongate or reniform in shape. The zoospores are provided with one or two flagella (sing.
flagellum, L. flagellum=whip) for its movement in the surrounding film of water. Flagellum is a
hair-or tinsellike structure that serves to propel a motile cell.

These flagella may be anterior, posterior or laterally attached to a groove in the body.
There are two types of flagella in zoospores. They are whiplash and tinsel types. The
whiplash flagellum has a long rigid base composed of all the eleven fibrils and a short
flexible end formed of the two central fibrils only. The tinsel flagellum has a rachis, which is
covered on all sides along its centre length with short fibrils.

In uniflagellate zoospores the flagellum may be anterior or posterior. But in
biflagellate zoospores one is whiplash and the other is tinsel type and one points forward
and the other backward. But in Plasmodiophorales fungi flagella are of whiplash type and
unequal. Zoospores pass through the three phases viz., motility, encasement and
germination. The length of their motility depends on available moisture, temperature and
presence of stimulatory or inhibitory substances in the environment. Later the zoospores
become sluggish, spend or cast their flagella (except in chytridiacious fungi and primary
zoospores in Saprolegniales where flagella are shed but withdrawn into its body become
spherical and secrete thin wall around itself and become encysted. The encysted zoospores
germinate. The functions of zoospores include initiation of new generation and acting as
gametes.

b. Conidiospores Conidiospores or conidia (sing. Conidium)

Conidiospores are asexual reproductive structures borne on special spore bearing
hyphae conidiophores. They are found in many different groups of fungi, but especially in
ascomycotina, Basidiomycotina and Deuteromycotina. In Deuteromycotina conidia are the
only means of reproduction. Conidia may be borne singly or in chains or in cluster. They vary
from unicellular (e.g. Colletotrichum), bicellular, microconidia of Fusarium spp. and
multicellular (Pestalotiopsis, Cercospora). One-celled spores are called amerospores, two

celled spores are didymospores and multicellular spores are called phragmospores.



The multicellular conidia may be divided by the septa in one to three planes. In
Alternaria spp., conidia are with both transverse and longitudinal septa are called
dictyospores. The shape of the conidium may vary. They may be globose, elliptical, ovoid,
cylindrical, branched or spirally coiled or star-shaped (staurospores). The colour of the
conidia may be hyaline (hyalospore) or coloured (phaeospore) pink, green, or dark. The dark
pigments are probably melanins.

The colour of the conidia and conidiophores are important features used in
classification. In the order Entomophthorales (e.g. Basidiobolus, Pilobolus) asexual
reproduction is by means or forcibly discharged uninucleate or multinucleate primary conidia.
On germination primary conidia develops uninucleate or binucleate secondary conidia. In
species of Fusarium one or two-celled microconidia and many-celled macroconidia are
common. Conidia may be formed in acropetal (oldest conidium at the base and the youngest
at the apex) or basipetal (oldest conidium at the apex and youngest at the base) succession.
Generally the term 'conidia'is used for any asexual spores other than sporangia and spores
formed directly by hyphal cells. When the spore is not much differentiated from the cells of
the conidiophore in shape the term oidium is often used for conidia.

A distinction between sporangiospores and conidia is that, before germination of
sporangiospores a new wall, eventually continuous with the germ tube, is laid down within
the original spore wall whilst in conidia there is no new wall layer laid down. Conidiophores
are also known as sporophores. They are special hyphae bearing conidia. They may be free,
simple or branched. They may be distinct from each other or may be aggregated to form
compound sporophores or fruiting bodies such as synnemata, sporodochia, acervuli and
pycnidia. They may be provided with sterigmata or specialized branches on which they bear
conidia. Some conidial spores are inflated at the tips (e.g. Aspergillus); others are inflated at
intervals, forming kneelike structures on which the conidia are grouped (Gonatobotrys); still
others have many branches, which are characteristically arranged, in whorls (Verticillium) or
in sympodium (Monopodium).

They are generally produced on the surface of the host. The sporogenous part of the
conidiophore is commonly apical but may be laterally placed. The apical zone of
differentiation of conidiophore may give rise to a single conidium or more often, to a
succession of conidia in chains, false heads. c. Chlamydospores Chlamydospore (Gr.
Chlamys = mantle + spora = seed, spore) is a thick-walled thallic conidium that generally
function as a resting spore. Terminal or intercalary segments or mycelium may become
packed with food reserves and develop thick walls. The walls may be colourless or
pigmented with dark melanin pigment. These structures are known as chlamydospores. e.g.
Fusarium, Mucor racemosus, Saprolegnia. Generally there is no mechanism for detachment
and dispersal of chlamydospores. They become separated from each other by the

disintegration of intervening hyphae.



They are the important organs or asexual survival in soil fungi. When
chlamydospores are found in between fungal cells they are called 'intercalary
chlamydospores'. Chlamydospores produced at the apex of the hypha are called 'apical or
terminal chlamydospores'.

SEXUAL REPRODUCTION

Sexual reproduction in fungi involves union of two compatible nuclei. The nuclei may
be carried in motile or non-motile gametes, in gametangia or in somatic cells of the thallus.
Phases of sexual reproduction

Three typical phases occur in sequence during the sexual reproduction.

1. Plasmogamy
In plasmogamy (Gr. plasma=a molded object, i.e. a being + gamos = marriage,
union) anastomosis of two cells or gametes and fusion of their protoplasts take
place. In the process the two haploid nuclei of opposite sexes (compatible
nuclei) are brought together but eh nuclei will not fuse.

2. Karyogamy

The fusion of two haploid nuclei brought together as a result of plasmogamy
is called karyogamy (Gr. karyon = nut, nucleus + gamos = marriage). This stage
follows immediately after plasmogamy in many of the lower fungi or may be delayed
in higher fungi. In higher fungi plasmogamy results in a binucleate cell containing
one nucleus from each cell. Such a pair of nuclei is called dikaryon(NL. Di = two +
Gr. karyon = nut). These two nuclei may not fuse until later in the life history of the
fungus.

Meanwhile, during growth and cell division of the binucleate cell, the
dikaryotic condition may be perpetuated from cell to cell by conjugate division of the
two closely associated nuclei and by the separation of the resulting sister nuclei with
two daughter cells. Nuclear fusion, which eventually takes place in all sexually
reproducing fungi, is followed by meiosis.

2. Meiosis

Karyogamy results in the formation of a diploid (2n) nucleus. Meiosis (Gr.
meiosis=reduction) reduces the number of chromosomes to haploid and constitutes
the third phase of the sexual reproduction. This nucleus undergoes a reduction
division to form two haploid nuclei each with 'n'chromosomes. A mitotic division
follows and four nuclei are formed. In ascomycetes another nuclear division takes
place resulting in the formation eight nuclei.

The nuclei get surrounded by a small amount of cytoplasm and secrete a wall
to become spores. In a true sexual cycle, the above three phases occur in a regular

sequence and usually at specified points.



Nutrition in Fungi
Nutritional Requirements:

The fungi utilise both organic compounds and inorganic materials as the source of
their nutrient supply. In other words, organic and inorganic compounds constitute their food.

Lacking chlorophyll the fungi are unable to photosynthesize or use carbon dioxide to
build up organic food materials. They are, thus heterotrophic for carbon (organic) food
compounds which they in their natural habitats obtain by living as saprophytes or parasites
from dead or living plants, animals or micro-organisms or their wastes.

Nutrition in Fungi:

Fungi prefer to grow in darkness, dim light, moist habitat, suitable temperature and
where there is availability of living or dead organic matter. They do not synthesize their own
food. Thus, all fungi are heterotrophic and holozoic (like animals).

The fungi are chemo-organotrophs (derive energy from oxidation of organic
substances) and their nutrition is absorptive (extracellular). Enzymes convert the insoluble

food into soluble form which is then absorbed.

On the basis of their mode of nutrition, the fungi are divided into the following three
categories:
A. Parasites:

Fungi which obtain their food material from the living organisms are known as
parasites. If it grows on the external surface of the host it is called ectoparasite but if it enters
the host (the living organism infected by a parasite is called host and abnormal condition of
the host due to presence of parasite is called disease) and feed within, it is called
endoparasite.

Intercellular mycelium produce haustoria to absorb the food material from the cells
(e.g., Albugo) while intracellular mycelium directly absorb the food material from the host
cells, (e.g., Ustilago maydis).

Parasites are of two types:
(a) Obligate Parasites:

Fungi which grow only upon living host tissues are called obligate parasites e.g.,
Erysiphe.

(b) Facultative (partial) Saprophytes:

Normally these fungi live as parasites but in the absence of the living host they may
also get their food material from the dead organic matter (saprophytes) e.g., Taphrina
deformans and some smuts like Ustilago, Tolyposporium, Sphacelotheca etc.

B. Saprophytes:

Fungi obtaining their food material from the dead organic matter are known as

saprophytes. Fungal hyphae penetrates hard cell walls of their hosts with the help of

enzymes like zymase, invertase etc.



Saprophytes are of two types:
(a) Obligate Saprophytes:

Fungi grow only on dead organic matter and do not have the capacity to infect the
plants or animals e.g., Mucor mucedo.
(b) Facultative Parasites:

Normally these fungi are saprophytes but have the capacity to infect the living
organisms also e.g., Botrytis cinerea, Pestalotia etc.
C. Symbionts:

The living of two (or more) organisms in close association to their mutual benefit is
known as symbiosis e.g., mycorrhiza, lichens. The association between the fungus and roots
of higher plants is called mycorrhiza (Gr., Mykes = mushroom, rhiza = root). Lichens show a
symbiotic association between algae and fungi.

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

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:

| 1. System proposed by Constantine John Alexopoulos and Charles W Mims (1979).
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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.



Economic Importance of Fungi

Fungi include hundreds of species which are of tremendous economic importance to
man. In fact our lives are intimately linked with those of fungi. Hardly a day passes when we
are not benefited or harmed directly or indirectly by these organisms.

They play an important role in medicine yielding antibiotics, in agriculture by
maintaining the fertility of the soil and causing crop and fruit diseases, forming basis of many
industries and as important means of food. Some of the fungi are important research tools in
the study of fundamental biological processes.

Some of the fungi particularly molds and yeasts play a negative role by causing
spoilage of stored goods such as foodstuffs, textiles, leather, rubber, plastic, timber and
even glass.

1. Role of Fungi in Medicine:

Some fungi produce substances which help to cure diseases caused by the
pathogenic microorganisms. These substances are called the antibiotics.

The term antibiotic, therefore, denotes an organic substance, produced by a microorganism,
which inhibits the growth of certain other microorganisms. The most important antibiotics are
produced by the moulds, actinomycetes or bacteria.

They are used to combat the evil effects of pathogenic bacteria and viruses. The use

of antibiotics is not limited to disease treatment.
The addition to certain antibiotics in small amounts to the feed of slaughter animals
promotes rapid growth and improves the quality of the meat products. Application of an
antibiotic to surface of freshly killed poultry preserves the fresh-killed taste during long
periods of refrigeration.

The discovery of antibiotic agents as drugs is comparatively a recent history. The role
of fungi m producing antibiotic substances was first established by Sir Alexander Fleming in
1929.

He extracted the great antibiotic drug Penicillin from Penicillium notatum. It was the
first antibiotic to be widely used. Penicillin is an organic substance lethal to microbes. It is far
more effective than ordinary drugs and germicides.

It has no adverse effect on human protoplasm but kills bacteria especially gram-
positive type. Penicillin is now produced on a commercial scale all over the world including
India from the improved strains of P. notatum and P. chrysogenum.

There is a Penicillin factory at Pimpri in India. The success of penicillin as an
antibiotic was later found to be limited. Naturally this led to further research for new
antibiotics which would act on pathogenic bacteria and viruses not affected by penicillin.

This research resulted in the discovery of a number of other antibiotics. Of these,

streptomycin is another.



2. Role of Fungi in Industry:

The industrial uses of fungi are many and varied. In fact the fungi form the basis of
many important industries. There are a number of industrial processes in which the
biochemical activities of certain fungi are harnessed to good account.

A brief sketch of some of the most important of these processes is given below:
(i) Alcoholic fermentation:

It is the basis of two important industries in India or rather all over the world. These
are brewing and baking. Both are dependent on the fact that the fermentation of sugar
solutions by yeasts produces ethyl alcohol and carbon dioxide.

In brewing or wine making industry alcohol is the important product. The other by-
product which is carbon dioxide was formerly allowed to escape as a useless thing.

Now carbon dioxide is also considered a valuable by-product. It is collected, solidified
and sold as “dry ice”. In the baking or bread- making industry CO: is the useful product.

It serves two purposes:
(i) Causes the dough to rise.
(i) Makes the bread light.

The other by-product, which is alcohol, is incidental. The yeasts secrete the enzyme
complex called zymase which brings about conversion of sugar into alcohol. Many excellent
yeast strains are now available.

In producing industrial alcohol moulds are employed as starters to bring about
scarification of the starch. At the second stage yeast is employed to act on the sugar.
Although mould can complete the conversion to sugar but the yield is better if yeast is
employed for the second stage. The moulds commonly used for purpose of scarification are
Mucor racemosus. M, rouxii and some species of Rhizopus. Aspergillus flavus is used in the
production of African native beer.

(ii) Enzyme preparations:

Takamine on the basis of his intensive study of the enzymes produced by Aspergillus
flavus-oryzae series has introduced in the market a few products of high enzymic activity.
These are Digestin, Polyzime, Taka diastase, etc. They are used for dextrinization of starch
and desiring of textiles.

Cultures of Aspergillus niger and A. oryzae on trays of moist, sterile bran yield a well-
known amylase which contains two starch splitting components. Invertase is extracted from
Saccharoymces cerevisiae. It has many industrial uses. It hydrolyses sucrose to a mixture of
glucose and fructose.

(iii) Preparation of organic acids:
The important organic acids produced commercially as the result of the biochemical

activities of moulds are oxalic acid, citric acid, gluconic acid, gallic acid, fumaric acid, etc.



Oxalic acid is the fermentation product of Aspergillus niger. Citric acid is made by
mould fermentation. Many species of Penicillium are used for the purpose. The acid is
produced on a commercial scale and is cheaper than the acid made from the citrus fruits.

The gluconic acid is prepared from sugars. The moulds chiefly employed for this
purpose are some species of Penicillium and Aspergillus.Gallic acid is prepared on a
commercial scale in Europe and America. The details of the method employed, however, are
not known. It may be a modification of Calmete’s process. Calmette (1902) obtained the
gallic acid as the fermentation product of an extract of tannin by Aspergillus gallomyces.

(iv) Gibberellins:

These are plant hormones produced by the fungus Gibberella fujikuroi which cause a
disease of rice accompanied by abnormal elongation. Gibberellin is used to accelerate
growth of several horticultural crops.

(v) Cheese Industry:

Certain fungi popularly known as the cheese moulds play an important role in the

refining of cheese. They give cheese a characteristic texture and flavour.

The two chief kinds of mould refined cheese are:

(a) Camembert and Brie types. They are soft.

(b) Roquefort Gorgonzola and Stilton types. They are green or blue veined cheese. The
moulds concerned are Penicillium camemberti and P. caseicolum in the first type and P.
roqueforti in the second type.

(vi) Manufacture of Proteins:

As a supplement to the normal diet, some fungi particularly the yeasts are employed
to synthesize proteins. The yeast (Saccharomyces cerevisiae and Candida utilis) contain
high percentage of protein of great nutritive value.

They are grown with ammonia as the source of nitrogen and molasses as the source
of carbon. The manufactured product is called Food Yeast. It contains 15% protein and B
group of vitamins.

(vii) Vitamins:

The yeasts, are the best source of vitamin B complex. A number of preparations of
high potency have been made from the dried yeast or yeast extracts and sold in the market.

A number of moulds and yeasts are utilised in the synthesis of Ergosterol which
contains Vitamin D. Riboflavin—another vitamin useful both in human and animal food—is
obtained from a filamentous yeast, Ashby gossypii.

(viii) A good many fungi synthesize fat from carbohydrates:
Endomyces vernalis, Penicillium javanicum and Oidium lactis have a high fat content.

The microbiological production of fat is, however, too costly for use.



(ix) Antibiotics:

Certain fungi form an important basis of fermentation of Cocaobeans. Mention must
also be made here of the use of Lichens in yielding certain dyes and reagents. An important
substance is extracted from Roccella lichen.

It forms the basis of litmus paper which is used as an indicator to determine the
acidity or alkalinity of a solution.

3. Role of Fungi in Agriculture

The fungi play both a negative and a positive role in agriculture.Some soil fungi are
beneficial to agriculture because they maintain the fertility of the soil. Some saprophytic fungi
particularly in acid soils where bacterial activity is at its minimum cause decay and
decomposition of dead bodies of plants and their wastes taking up the complex organic
compounds (cellulose and lignin) by secreting enzymes.

The enzymes convert the fatty carbohydrate and nitrogenous constituents into
simpler compounds such as carbon dioxide, water, ammonia, hydrogen sulphide, etc.

Some of these return to the soil to form humus and the rest of the air from where they can
again be used as raw material for food synthesis. There are fungi in the soil which produce
more ammonia from proteins than the ammonifying bacteria.

4. Role of Fungi as Food and as Food Producers:

Many species of fungi are edible, about 2000 species of them have been reported
from all over the world. Of these, about 200 are said to occur in the Western Himalayas.

Many edible fungi are of great economic value as food. They are regarded as
delicacies of the table. There are said to be over 200 species of edible fungi.

The fructifications of some fungi such as the field mushroom Agaricus campestris
(dhingri), Podaxon podaxis (Khumb), the honey coloured mushrooms, the fairy ring
mushrooms, the puff balls (Lycoperdon and Clavatia), morels (Morchella, guchhi), and
truffles are edible.

The content of available food in them is not high but they supply vitamins and are
valuable as appetisers. Yeasts and some filamentous fungi are valuable sources of vitamins
of the B-complex.

A few of the mushrooms are fatally poisonous, some cause only discomfort. To the
former category belong Amanita.
5.Fungi as Test Organism:

During the last two decades, the fungi has been used to test various biological
.processes. Since they grow very fast and require a short period to complete their life cycles,
the fungi are best suited for use as test organisms.

Fungi form very good research material for genetical studies and other biological
processes Genus Neurospora has become very good material for genetic studies while
Physarum polycephalum is used to study steps in DNA synthesis, morphogenesis and

mitotic cycle.



To detect the presence and quantity of vitamin B in given sample, Neurospora crassa
is commonly used. Similarly Aspergillus niger is used for detection of trace elements like

zinc, nickel and copper even when they are present in very minute quantities.

Negative Role:

They have a negative value because they are the causative agents of different
diseases of our crop, fruit and other economic plants. These fungal diseases take a heavy
toll and cause tremendous economic losses.

The modest estimate is that about 30 thousand different diseases (including bacterial
and virus) attack the economic plants grown for food or commercial purposes.

The more important of these diseases are:
(i) Damping off disease:

The seedlings of almost every type of plant grown as a commercial crop such as
tomatoes, com, cotton, mustard, peas, beans, tobacco, spinach, etc., are prone to this
disease. It is caused by a species of Pythium.

(ii) The potato blight:

(Late blight of potatoes) is another destructive crop disease. It does a great damage
to the potato tubers. A heavy attack of this disease in Ireland in 1845 destroyed the entire
potato crop and caused so severe a famine that over a million Irish people migrated to
U.S.A. Besides potatoes, it infects egg plants, tomatoes, etc.

iii) Downy mildews of grapes:

It ruins the vine yards and thus causes heavy losses to the crop. When the disease
was first introduced into France from U.S.A, it caused a havoc to the vine yards.Almost all
the French vine yards were destroyed before Bordeaux mixture, which proved an effective
fungicide against this disease, was discovered.

(iv) Ergot disease of rye:

It is an important disease of a cereal crop—rye. It results in the formation of poisonous
sclerotia in the rye kernel. It is called ergot of rye. Ergot is highly poisonous to man. Ergot
poisoning causes hallucinations, insanity and finally death.

(v) Apple scab:

It is a serious disease of the apple crop. It lowers the quality as well as quantity of the fruit.
vi) Brown rot of stone fruits:

It causes enormous losses in the fruit crop of apricots, cherries, plums and peaches.
vii) Smut diseases of corn, wheat, oat and other cereal crops cause serious reduction in the
yield and quality of grain.

(viii) Red rot disease of sugarcane:
It is a serious disease of sugarcane whose incidence has increased during the last

few years, particularly in the northern parts of the country.



(ix) Rust diseases:

They attack our cereal crops and forest timber. Some of them such as black stem
rust, yellow rust and orange rust are a serious threat to our wheat crop.

In addition to causing diseases in plants, human beings and domestic animals as described
above, the fungi also play the following harmful roles:

(a) Destruction of timber:

Several fungi such as Polyporus, Serpula lacrymans, Fusarium negundi, Coniophora
cerebella, Lentinus lapidens and Penicillium divaricatum cause destruction of valuable
timbers by reducing the mechanical strength of the wood.

(b) Destruction of textiles:

Several fungi are able to grow on cotton and woolen textiles causing their
destruction. These include spp. of Alternaria, Penicillum, Aspergillus, Mucor and Fusarium.
Spp. of Stachybotrys causes destruction of cotton in storage. Chaetomium globosum is
reported to cause greatest damage to textiles.

(c) Destruction of Paper:

Paper pulp wood is destroyed by the growth of Polyporus adustus, Polystictus
hirsutus etc. several fungi such as species of Chaetomium, Aspergillus, Stachybotrys,
Alternaria, Fusarium, Dematium, Mucor, Cladosporium etc. cause extensive damage to

paper of books, newspapers and paper industry.
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Albugo candida

Albugo candida commonly known aswhite 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, Oomycetes, commonly known as water moulds. A. candida is 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.

Albugo candida has a cosmopolitan distribution and is known from many countries where
cruciferous crops are grown in Europe, Asia, Africa, Australasia, North, Central, and South America. It has
not been recorded from northern Scandinavia, northern and central Siberia, northern China, western and
central Africa, Alaska, northern and central Canada, and southern and western South America.

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.

1. The sporangiophores are closely packed forming a solid, palisade-like layer beneath the
epidermis of the host.

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

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

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.

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.

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.

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.

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.

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.

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.
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
over the unfavourable period.

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.

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

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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Rhizopus

Rhizopus spp are saprophytic fungi found on plants and it is parasitic on animals.

They are multicellular fungi, with about 8 species.

They are responsible for causing an opportunistic infection known as invasive mucormycosis
in humans and animals.

Some species are used for industrial importance such as Rhizopus stolonifer which caused
bread mold.

Rhizopus infections may also be a complication of ketoacidosis.

Phylogenic characterization of Rhizopus categorizes eight species Rhizopus schipperae,
Rhizopus  delemar, Rhizopus microsporus, Rhizopus caespitosus, Rhizopus
arrhizus (Rhizopus oryzae), Rhizopus reflexus, Rhizopus homothallicus, and Rhizopus
stolonifer.

Medically important groups are Rhizopus oryzae and Rhizopus microsporus.

Sporangium
iy Columella

.4:7" A
\

Rhizoids

Rhizopus Morphology Rhizopus Growing on SDA

Habitat of Rhizopus spp

This species is a cosmopolitan group of fungi.

It is found on a wide variety of surfaces, on organic substances like soil, decaying fruits,
grown fruits and vegetables, jellies, tobacco, peanuts, leather, bread, and syrups.

They are also found in animal feces

Rhizopus species grow as filamentous, with branching hyphae which are coenocytic
(multinucleated).

The branched hyphae are of three types: stolons, pigmented rhizoids, and unbranched
sporangiophores.



Life cycle of Rhizopus.

e They reproduce both sexually and asexually.

o Asexual reproduction produces sporangiospores which are formed in a spherical structure
known as a sporangium.

e The sporangiospores are globose to ovoid, single-celled, hyaline to brown, and striate.

e The sporangia are produced in large numbers, which are dark, and are formed on a long
stalk conidiophore known as a sporangiophore.

« The sporangiophores arise from root-like rhizoids, and they rounded, responsible for
producing numerous multinucleated spores.

o Sexual reproduction produces dark zygospores formed when two compatible mycelia fuse.

e Zygospores germinate forming genetically different offsprings from the parents.

e Colonies are fast-growing, covering the surface of the agar.

o Rapidly growing colonies fade from white to dark during sporulation.

e The colonies have a dense cottony growth or candy flossy or fairly floss in texture.
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Figure: Life cycle of Rhizopus.
Mycelium of Peziza:
It is well developed, frequently perennial and consists of a dense network of hyphae. The hyphae
are branched and septate. The cells are uninucleate.

The hyphae are hidden from view as they ramify within the substratum. They from a complex
system which extracts nourishment from the substratum. The fruiting bodies are above ground.

Reproduction in Peziza: 1. Asexual Reproduction:

It takes place by the formation of conidia and chlamydospores. The conidia are exogenously
formed spores. They are abstricted from the tips of conidiophores. Each conidium germinates to
form a new mycelium.



The chlamydospores are thick-walled resting cells. They are intercalary in position. They may be
formed singly or in series within the cells of the hyphae. Under suitable conditions each chlamy-
dospore germinates and gives rise to a new mycelium.

2. Sexual Reproduction:

The sexual apparatus is wholly lacking in Peziza vesiculosa. This does not prevent the
development of a fructification or the fig. 12.12 (A-B) which is aerial and relatively a short-lived
structure. The sexual process does take place. It is extremely simplified and consists in the
association of two purely vegetative nuclei in a pair.

Fig- 12.12 (A-B). Apochecia of i . A
Apocthecia of Przize. B, Apothecia of Flumaria.

The adult mycelium consists of a tangled mass of hyphae. Certain vegetative cells in the centre of
the tangled hyphal mass have been seen to possess nuclei which become associated in pairs.

These pairs of nuclei are called the dikaryons. The dikaryotic condition is brought about either by
autogamous pairing or by somatogamous copulation between the vegetative cells of the adjacent
hyphae of the tangled hyphal mass.

The cells with the dikaryons give rise to the ascogenous hyphae which become multicellular by
cross walls. Their cells are binucleate. The terminal binucleate cell of each ascogenous-hypha
functions as an ascus mother cell.

Formation of croziers in the development of asci has not been reported in P. vesiculosa. The
ascogenous hyphae and dikaryotic cells from which they are developed together with the ascus
mother cells represent the dikaryophase in the life cycle of Peziza.

The two nuclei of the ascus mother cell fuse to form the synkaryon. The young ascus with the
synkayon represents the transitory diplophase (Fig. 12.14). The synkaryon undergoes three
successive divisions. Of these the first and the second constitute meiosis.

This results in the formation of eight haploid nuclei which become organised into ascospores. The
mature ascus is an elongated, cylindrical cell (Fig. 12.13B).
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Fig. 12.13 (A-B). Peziza. A, V. S. entire fructification (apothecium);
B, Portion of the same to show details. (Diagrammatic).

The ascus wall is lined by a thin layer of cytoplasm (epiplasm) which encloses a central vacuole
filled with sap. In the vacuole lie the oval ascospores.

The erect asci lie side by side lining the cavity of the cup-shaped apothecium (Fig. 12.13A). The
asci near the margin of the cup bend towards the source of light being positively phototropic.

LPrciza asiraritia aporfrecia ir: riatiere

Interspersed between the asci are the Sterile hyphae called paraphyses. The rest of the apothecium
consists of densely interwoven, branched hyphae forming a pseudoparenchymatous tissue which
supports the hymenium (Fig. 12.13A).

The apothecia (Fig. 12.12A) are sessile or shortly stalked cup-shaped structures regular in form
and large in size varying from 2 cm. to several inches in diameter. In P. vesiculosa the apothecium
is of pale fawn colour but P. aur antia has brilliant orange apothecium.
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Fig. 12.14. Graphic representation of the life cycle of Prziza.

Puccinia

Puccinia graminis is the member of fungi.It has many species which are obligate parasite on a wide
variety of host.It commonly effects the plant of wheat and also effects many other species of
grasses such as oat, barley and rye etc.The fungus completed life cycle on two different hosts and
known as heteroecious rust.There are five stages present in the life cycle of puccinia which are
uridinial stage, talial stage, basidial stage, pycenial stage and asial stage.First three stages present
in wheat plant and effect the barberry plant while the last two stages produce in the barberry plant

but effect the wheat plant.
Life cycle on wheat plant

Puccinia graminis mostly effects the wheat stem causing the black stem rust. The first sign appears
early in march in the form of elongated radish brown granular sori.These sori are known as

uredosori.

1. Uridinial stage
The uredospores are one celled, two nucleus, some what globose, slightly thick walled
spores.These spores formed on the stalk. The spores exert pressure on the underlying
epidermis causing breakdown of the host epidermis to form uridinia and this stage is known
as uridinial stage.
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Dispersal of spores:-
The spores are dispersed by wind and logged on the wheat plant.

1.Germination of spores:-
The spores germinate within few hours after falling on the wheat plant.It germinate by the
formation of germ tube. The germ tube reaches the stomata and tip swells into the vesicle called
appresorium.Then the cytoplasm along with nuclei migrates into the appresorium, which is

then cut off by the formation of septum.

2. Production of Uredospores:-
Numerous hyphae are produced underlying the epidermis and new uredospores are produced.
These spores exert pressure on the underlying epidermis and sorous is exposed and postules
are produced.

3. Telial stage
At the end of growing season the color of uredosori changes and become dark brownish to
dark reddish or rusty.This color is due to the production of new spores called as tleto
spores.These spores are two celled binucleated slightly oval in shape and thick walled.The
spores are oval with tapering ends.Each cell of spore has two nuclei and one germ pore.

4.Dispersal of teleutospores:-
These spores are dispersed by wind and do not germinate in unfavorable conditions.They
decrease their metabolism ability till conditions are unfavorable for germination.

5.Basidial stage:-
On germination each teleutospores produces germ tube known as pro-mycelium or
epibasidium.The two nuclei fused together to form diploid nuclei.Four haploid nuclei are
produced after meiosis.Then the cytoplasm along with nuclei migrates into the promycelium.lIt
divided into four cell and form septum.Each contain one cell.Each cell forms a lateral
strigma.The basidiospores are produced on strigma which are one celled and one nucleated.

Life cycle on Barbary plant
Basidiospores are unable to infect the wheat plant while it infect the alternative host Berberis
vulgaris.

Germination of basidiospores:-

When the spores logged on the leaf surface they germinate by producing a short germination
tube.The tube enters the epidermal cell. The hyphae grow in each direction and remify the
mesophyll tissues.The hyphae are intercellular and obtained food by sending historia in the cell.

Pycnidial stage
The mycelium produced by germination of basidiospores is monokaryotic.It forms the small
knots just below the upper epidermis. Then these cell are transformed into flask shaped cavities



called spermatia.These are open to side by a small aperture called ostiole. The spermatia
released by the ostiole in a mucilage liquid.They are dispersed by wind.
Dikaryotization:-
When a spermatium becomes attached to the receptive haphae of the opposite sexual phase its
nucleus enters the receptive hyphae of the opposite sexual phase
Aecial stage:-
In receptive hyphae the nucleus of the spermatium divides several time and the daughter nuclei
migrate to the other nuclei.As the spores are mature the wall of the peridium rupture and cup
shape structure known as acedium.

Germination of Aeciospores:-
These spres do not attack the barberry plant nut they can only infect the wheat plant.
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UNIT-V
LICHENS



LICHENS

Lichens are a small group of plants of composite nature, consisting of two
dissimilar organisms, an alga-phycobiont (phycos — alga; bios — life) and a fungus-
mycobiont (mykes — fungus; bios — life); living in a symbiotic association.

Generally the fungal partner occupies the major portion of the thallus and
produces its own reproductive structures. The algal partner manufactures the food
through photosynthesis which probably diffuses out and is absorbed by the fungal
partner.

Characteristics of Lichens:
1. Lichens are a group of plants of composite thalloid nature, formed by the association
of algae and fungi.

2. The algal partner-produced carbohydrate through photosynthesis is utilised by both
of them and the fungal partner serves the function of absorption and retention of water.

3. Based on the morphological structure of thalli, they are of three types crustose,
foliose and fruticose.

4. Lichen reproduces by all the three means - vegetative, asexual, and sexual.

(a) Vegetative reproduction: It takes place by fragmentation, decaying of older parts, by
soredia and isidia.

(b) Asexual reproduction: By the formation of oidia.

(c) Sexual reproduction: By the formation of ascospores or basidiospores. Only fungal
component is involved in sexual reproduction.

5. Ascospores are produced in Ascolichen.
(a) The male sex organ is flask-shaped spermogonium, produces unicellular spermatia.

(b) The female sex organ is carpogonium (ascogonium), differentiates into basal coiled
oogonium and elongated trichogyne.

(c) The fruit body may be apothecia! (discshaped) or perithecial (flask-shaped) type.

(d) Asci develop inside the fruit body containing 8 ascospores. After liberating from the
fruit body, the ascospores germinate and, in contact with suitable algae, they form new
lichen.



6. Basidiospores are produced in Basidiolichen, generally look like bracket fungi and
basidiospores are produced towards the lower side of the fruit body.

7. The growth of lichen is very slow, they can survive in adverse conditions with high
temperature and dry condition.

Habit and Habitat of Lichens:

There is about 400 genera and 15,000 species of lichens, widely found in
different regions of the world. The plant body is thalloid; generally grows on bark of
trees, leaves, dead logs, bare rocks etc., in different habitat. They grow luxuriantly in the
forest areas with free or less pollution and with abundant moisture.

Some species like Cladonia rangiferina (reindeer moss) grows in the extremely
cold condition of Arctic tundras and Antarctic regions. In India, they grow abundantly in
Eastern Himalayan regions. They do not grow in the highly polluted regions like
Industrial areas. The growth of lichen is very slow.

Depending on the growing region, the lichens are grouped as:
1. Corticoles:

Growing on bark of trees, mainly in the sub-tropical and tropical regions.

2. Saxicoles:

Growing on rocks, in cold climate.

3. Terricoles:

Growing on soil, in hot climate, with sufficient rain and dry summer.

Associated Members of Lichens:

The composite plant body of lichen consists of algal and fungal members.

The algal members belong to Chlorophyceae (Trebouxia, Trentepohlia,
Coccomyxa etc.), Xanthophyceae (Heterococcus) and also Cyanobacteria (Nostoc,
Scytonema etc.) (Fig. 4.111).

The fungal members mainly belong to Ascomycotina and a few to
Basidiomycotina. Among the members of Ascomycotina, Discomycetes are very
common; producing huge apothecia, others belong to Pyrenomycetes or
Loculoascomycetes. The members of Basidiomycotina belong to Thelephoraceae.



Algal filamart

Fungal hypha
E

Fig. 4.111 :Lichen-lorming Algae : A. Plewococcus wiridis, B. Scytonema sp., C. Nostoc sp., D. Gloeocapsa sp.,
E. Pleurococcus sp.

Nature of Association of Lichens:

There are three views regarding the nature of association of algal and fungal
partners in lichen:

1. According to some workers, the fungus lives parasitically, either partially or wholly,

with the algal components.

This view gets support for the following evidences:
(i) Presence of haustoria of fungus in algal cells of some lichen.

(ii) On separation, the alga of lichen is able to live independently, but the fungus cannot

survive.

2. According to others, they live symbiotically, where both the partners are equally
benefitted. The fungal member absorbs water and mineral from atmosphere and
substratum, make available to the alga and also protects algal cells from adverse
conditions like temperature etc. The algal member synthesises organic food sufficient
for both of them.

3. According to another view, though the relationship is symbiotic, the fungus shows
predominance over the algal partner, which simply lives as subordinate partner. It is
like a master and slave relationship, termed helotism.



Classification of Lichens:
Natural system of classification is not available for lichens. They are classified on
the nature and kinds of fruit bodies of the fungal partner.

Based on the structure of fruit bodies of fungal partners, Zahlbruckner (1926)
classified lichens into two main groups:
1. Ascolichens:

The fungal member of this lichen belongs to Ascomycotina.

Based on the structure of the fruit body, they are divided into two series:
(i) Gynocarpeae:

The fruit body is discshaped i.e., apothecial type. It is also known as Discolichen
(e.g., Parmelia).

(ii) Pyrenocarpeae:
The fruit body is flask-shaped i.e, perithecial type. It is also known as
Pyrenolichen (e.g., Dermatocarport).

2. Basidiolichen:

The fungal member of this lichen belongs to Basidiomycotina e.g., Dictyonema, Corella.

Later, Alexopoulos and Mims (1979) classified lichens into three main groups:
i. Basidiolichen:

The fungal partner belongs to Basidiomycetes e.g., Dictyonema.

ii. Deuterolichen:

The fungal partner belongs to Deuteromycetes.

iii. Ascolichen:

The fungal partner belongs to Ascomycetes e.g., Parmelia, Cetraria.

Structure of Thallus in Lichens:
The plant body of lichen is thalloid with different shapes. They are usually grey
or greyish green in colour, but some are red, yellow, orange or brown in colour.

A. External Structure of Thallus:

Based on the external morphology, general growth and nature of attachment,
three main types or forms of lichens (crustose, foliose and fruticose) have been recog-
nised. Later, based on detailed structures,



Hawksworth and Hill (1984) categorised the lichens into five main types or
forms:
1. Leprose:

This is the simplest type, where the fungal mycelium envelops either single or
small cluster of algal cells. The algal cell does not envelop all over by fungal hyphae. The
lichen appears as powdery mass on the substratum, called leprose (Fig. 4.112A), e.g,,
Lepraria incana.

2. Crustose:

These are encrushing lichens where thallus is inconspicuous, flat and appears as
a thin layer or crust on substratum like barks, stones, rocks etc. (Fig. 4.112B). They are
either wholly or partially embedded in the substratum, e.g., Graphis, Lecanora,
Ochrolechia, Strigula, Rhizocarpon, Verrucaria, Lecidia etc.

3. Foliose:

These are leaf-like lichens, where thallus is flat, horizontally spreading and with
lobes. Some parts of the thallus are attached with the substratum by means of hyphal
outgrowth, the rhizines, developed from the lower surface (Fig. 4.112C), e.g., Parmelia,
Physcia, Peltigera, Anaptychia, Hypogymnia, Xanthoria, Gyrophora, Collema, Chauduria
etc.

4. Fruticose (Frutex, Shrub):

These are shrubby lichens, where thalli are well developed, cylindrical branched,
shrub-like (Fig. 4.112D), either grow erect (Cladonia) or hang from the substratum
(Usnea). They are attached to the substratum by a basal disc e.g., Cladonla, Usnea,
Letharia, Alectonia etc.

5. Filamentous:

In this type, algal members are filamentous and well-developed. The algal
filaments remain ensheathed or covered by only a few fungal hyphae. Here algal
member remains as dominant partner, called filamentous type, e.g., Racodium, Ephebe,
Cystocoleus etc.).

Fig. 4.112 : Different forms of lichan : A Leprose,. B. Crustose. C. Foliose and D. Fruiticose



B. Internal Structure of Thallus:
Based on the distribution of algal member inside the thallus, the lichens are

divided into two types. Homoisomerous or Homomerous and Heteromerous.

1. Homoisomerous:

Here the fungal hyphae and the algal cells are more or less uniformly distributed
throughout the thallus. The algal members belong to Cyanophyta. This type of
orientation is found in crustose lichens. Both the partners intermingle and form thin
outer protective layer (Fig. 4.11 3A), e.g., Leptogium, Collema etc.

2. Heteromerous:

Here the thallus is differentiated into four distinct layers upper cortex, algal
zone, medulla, and lower cortex. The algal members are restricted in the algal zone only.
This type of orientation is found in foliose and fruticose lichens (Fig. 4.113B) e.g,,

Physcia, Parmelia etc.

The detailed internal structure of this type is:
(a) Upper Cortex:

It is a thick, outermost protective covering, made up of compactly arranged
interwoven fungal hyphae located at right angle to the surface of the fruit body. Usually
there is no intercellular space between the hyphae, but if present, these are filled with

gelatinous substances.

(b) Algal Zone:

The algal zone occurs just below the upper cortex. The algal cells are entangled
by the loosely interwoven fungal hyphae. The common algal members may belong to
Cyanophyta like Gloeocapsa (unicellular); Nostoc, Rivularia (filamentous) etc. or to
Chlorophyta like Chlorella, Cystococcus, Pleurococcus etc. This layer is either
continuous or may break into patches and serve the function of photosynthesis.

(C) Medulla:
The medulla is situated just below the algal zone, comprised of loosely

interwoven thick-walled fungal hyphae with large space between them.

(d) Lower Cortex:

It is the lowermost layer of the thallus. This layer is composed of compactly
arranged hyphae, which may arrange perpendicular or parallel to the surface of the
thallus. Some of the hyphae in the lower surface may extend downwards and penetrate
the substratum which helps in anchorage, known as rhizines. The internal structure of

Usnea, a fruticose lichen, shows different types of orientation.



Being cylindrical in cross-section, the layers from outside are cortex, medulla
(composed of algal cell and fungal mycelium) and central chondroid axis (composed of

compactly arranged fungal mycelia).
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Fig. 4.113 : Internal structure of kichen thatlus : A. Homoisorarous thallus, and B. Heteromerous thallus

C. Specialised Structures of Thallus:
1. Breathing Pore:

In some foliose lichen (e.g., Parmelia), the upper cortex is interrupted by some
opening, called breathing pores, which help in gaseous exchange (Fig. 4.114A).

2. Cyphellae:

On the lower cortex of some foliose lichen (e.g., Sticta) small depressions
develop, which appears as cup-like white spots, known as Cyphellae (Fig. 4.114B).
Sometimes the pits that formed without any definite border are called Pseudocyphellae.

Both the structures help in aeration.

3. Cephalodium:

These are small warty outgrowths on the upper surface of the thallus (Fig.
4.114C). They contain fungal hyphae of the same type as the mother thallus, but the
algal elements are always different. They probably help in retaining the moisture. In
Neproma, the Cephalodia are endotrophic.
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Fig. 4.114 - Specialised structures assocated with lichen thallus : A. Breathing pores. B. Cyphella, C. Cephalodium



Reproduction in Lichens:
Lichen reproduces by all the three means, vegetative, asexual, and sexual.

L Vegetative Reproduction:
(a) Fragmentation:
It takes place by accidental injury where the thallus may be broken into

fragments and each part is capable of growing normally into a thallus.

(b) By Death of Older Parts:
The older region of the basal part of the thallus dies, causing separation of some

lobes or branches and each one grows normally into new thallus.

II. Asexual Reproduction:
1. Soredium (pi. Soredia):

These are small grayish white, bud-like outgrowths developed on the upper
cortex of the thallus (Fig. 4.115A, B). They are composed of one.or few algal cells loosely
enveloped by fungal hyphae. They are detached from the thallus by rain or wind and on
germination they develop new thalli. When soredia develop in an organised manner in a
special pustule-like region, they are called Soralia (Fig. 4.115D), e.g., Parmelia Physcia
etc.

Fig. 4.115 : Asexual reproductive structures : A, Saredium ol Physc pulverutenta with single algal cell, B. Soredium
of FParmelia with mony algal cells, C. Isidia of Peifigera and D. Soralia on thallus

2. Isidium (pi. Isidia):

These are small stalked simple or branched, grayish- black, coral-like
outgrowths, developed on the upper surface of the thallus (Fig. 4.115C). The isidium has
an outer cortical layer continuous with the upper cortex of the mother thallus which
encloses the same algal and fungal elements as the mother.



They are of various shapes and may be coral-like in Peltigera, rod-like in
Parmelia, cigar-like in Usnea, scale-like in Collema etc. It is generally constricted at the
base and detached very easily from the parent thallus. Under favourable condition the
isidium germinates and gives rise to a new thallus. In addition to asexual reproduction,
the isidia also take part in increasing the photo- synthetic area of the thallus.

3. Pycniospore:

Some lichen develops pycniospore or spermatium inside the flask-shaped
pycnidium (Fig. 4.116A).They usually behave as gametes, but in certain condition they
germinate and develop fungal hyphae. These fungal hyphae, when in contact with the
appropriate algal partner, develop into a new lichen thallus.

III. Sexual Reproduction:

Only fungal partner of the lichen reproduces sexually and forms fruit bodies on
the thallus. The nature of sexual reproduction in ascolichen is like that of the members
of Ascomycotina, whereas in Basidiolichen is like that of Basidiomycotina members.

In Ascolichen, the female sex organ is the carpogonium and the male sex organ is
called spermogonium (= pycnidium). The spermogonium (Fig. 4.116A) mostly develops
close to carpogonium.

Trichogyne

Corlex
Algal cell

.....

Spermatium
(= pycniospore)

Fungal hyphae

'-'});// ) | Ascogonium

Fig. 4.116 : Sexual reproductive siructures : A, Spermogonium (= pycnidium), B. Carpogonium

The carpogonium is multicellular and is differentiated into basal coiled
ascogonium and upper elongated multicellular trichogyne (Fig. 4.116B). The
ascogonium remains embedded in the algal zone, but the trichogyne projects out
beyond the upper cortex.

The spermogonium is flask-shaped and develop spermatia from the inner layer
(Fig. 4.116A). The spermatia behave as male gametes. The spermatium, after liberating
from the spermogonium, gets attached with the trichogyne at the sticky projected part.



On dissolution of the common wall, the nucleus of spermatium migrates into the
carpogonium and fuses with the egg. Many ascogenous hyphae develop from the basal
region of the fertilised ascogonium. The binucleate penultimate cell of the ascogenous
hyphae develops into an ascus.

Both the nuclei of penultimate cell fuse and form diploid nucleus (2n), which
undergoes first meiotic and then mitotic division — results in eight haploid daughter
nuclei. Each haploid nucleus with some cytoplasm metamorphoses into an ascospore.

The asci remain intermingled with some sterile hyphae — the paraphyses. With
further development, asci and paraphyses become surrounded by vegetative mycelium
and form fruit body.

The fruit body may be ascohymenial type i.e., either apothecium (Fig. 4.117A) as
in Parmelia and Anaptychia or perithecium as in Verrucaria and Darmatocarpon or
ascolocular type (absence of true hymenium), which is also known as pseudothecia or
ascostroma.

Internally, the cup-like (Fig. 4.117B, C) grooved region of a mature apothecium
consists of three distinct parts; the middle thecium (= hymenium), comprising of asci
and paraphyses, is the fertile zone covered by two sterile zones — the upper epitheca
and lower hypotheca. The region below the cup is differentiated like the vegetative
thallus into outer cortex, algal zone and central medulla (Fig. 4.117B). Usually the asci
contain eight ascospores (Fig. 4.117C), but the number may be one in Lopadium, two in
Endocarpon and even more than eight in Acarospora.

::i..- Paraphyses
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Fig. 4,917 : Structural features of ascalichen : ACApothecta, B. V.S. of apothecium and C. Pertion of hymenial region



The ascospores may be unicellular or multicellular, uninucleate or multinucleate,
and are of various shapes and sizes. After liberating from the ascus, the ascospore
germinates in suitable medium and produces new hypha. The new hypha, after coming
in contact with proper algal partner, develops into a new thallus.

In Basidiolichen (Fig. 4.118), the result of sexual reproduction is the formation of
basidiospores that developed on basidium as in typical basidiomycotina. The fungal
member (belongs to Thelephoraceae) along with blue green alga, as algal partner forms
the thalloid plant body.

The thallus grown over soil produces hypothallus without rhizines, but on tree
trunk it grows like bracket fungi (Fig. 4.118A) and differentiates internally into upper
cortex, algal layer, medulla and lower fertile region with basidium bearing
basidiospores (Fig. 4.118B, C).

Upper corlex

Algal layer

Medulla

Fig. 4.118: Structural features of basidiolichen {Cora pavoria) | A, Bracket-like thalli, B. Verical section of thallug
(portian}, C. Basidium with basidiospores
Importance of Lichens:
A. Economic Importance of Lichens:
The lichens are useful as well as harmful to mankind. The useful activities are
much more than harmful ones. They are useful to mankind in various ways: as food and
fodder, as medicine and industrial uses of various kinds.

1. As Food and Fodder:

Lichens are used as food by human being in many parts of the world and also by
different animals like snail, catterpiliars, slugs, termites etc. They contain
polysaccharide, lichenin; cellulose, vitamin and certain enzymes.



Some uses of lichens are:
(i) As Food:

Some species of Parmelia are used as curry powder in India, Endocarpon
miniatum is used as vegetable in Japan, Evernia prunastri for making bread in Egypt,
and Cetraria islandica (Iceland moss) as food in Iceland. Others like species of
Umbillicaria, Parmelia and Leanora are used as food in different parts of the world. In
France, some of the lichens are used in the preparation of chocolates and pastries.
Lichens like Lecanora saxicola and Aspicilia calcarea etc. are used as food by snails,
caterpillars, termites, slugs etc.

(ii) As Fodder:

Ramalina traxinea, R. fastigiata, Evernia prunastri, Lobaria pulmo- naria are used
as fodder for animals, due to the presence of lichenin, a polysaccharide. Animals of
Tundra region, especially reindeer and muskox use Cladonia rangifera (reindeer moss)
as their common food. Dried lichens are fed to horses and other animals.

2. As Medicine:

Lichens are medicinally important due to the presence of lichenin and some
bitter or astringent substances. The lichens are being used as medicine since pre-
Christian time. They have been used in the treatment of jaundice, diarrhoea, fevers,
epilepsy, hydrophobia and skin diseases.

Cetraria islandica and Lobaria pulmonaria are used for tuberculosis and other
lung diseases; Parmelia sexatilisfor epilepsy; Parmelia perlata for dyspepsia. Cladonia
pyxidata for whooping cough; Xanthoria parietina for jaundice and several species of
Pertusaria, Cladonia and Cetraria islandica for the treatment of intermittent fever.

Usnic acid, a broad spectrum antibiotic obtained from species of Usnea and
Cladonia, are used against various bacterial diseases. Usnea and Evernia furfuracea have
been used as astringents in haemorrhages. Some lichens are used as important
ingredients of many antiseptic creams, because of having spasmolytic and tumour-
inhibiting properties.

3. Industrial Uses:

Lichens of various types are used in different kinds of industries.

(i) Tanning Industry:
Some lichens like Lobaria pulmonaria and Cetraria islandica are used in tanning leather.

(ii) Brewery and Distillation:

Lichens like Lobaria pulmonaria are used in brewing of beer. In Russia and
Sweden, Usneaflorida, Cladonia rangiferina and Ramalina fraxinea are used in produc-
tion of alcohol due to rich content of “lichenin”, a carbohydrate.



(iii) Preparation of Dye:
Dyes obtained from some lichens have been used since pre- Christian times for
colouring fabrics etc.

Dyes may be of different colours like brown, red, purple, blue etc. The brown dye
obtained from Parmelia omphalodes is used for dyeing of wool and silk fabrics. The red
and purple dyes are available in Ochrolechia androgyna and O. tartaria.

The blue dye “Orchil”, obtained from Cetraria islandica and others, is used for
dyeing woollen goods. Orcein, the active principal content of orchil-dye, is used
extensively in laboratory during histological studies and for dyeing coir.

Litmus, an acid-base indicator dye, is extracted from Roccella tinctoria, R.
montagnei and also from Lasallia pustulata.

(iv) Cosmetics and Perfumery:

The aromatic compounds available in lichen thallus are extracted and used in the
preparation of cosmetic articles and perfumes. Essential oils extracted from species of
Ramalina and Evernia are used in the manufacture of cosmetic soap.

Ramalina calicaris is used to whiten hair of wigs. Species of Usnea have the
capacity of retaining scent and are commercially utilised in perfumery. Evernia
prunastri and Pseudevernia furfuracea are used widely in perfumes.

Harmful Activities of Lichens:
1. Some lichens like Amphiloma and Cladonia parasitise on mosses and cause total
destruction of moss colonies.

2. Lichen like Usnea, with its holdfast hyphae, can penetrate deep into the cortex or
deeper, and destroy the middle lamella and inner content of the cell causing total
destruction.

3. Different lichens, mainly crustose type, cause serious damage to window glasses and
marble stones of old buildings.

4. Lichens like Letharia vulpina (wolf moss) are highly poisonous. Vulpinic acid is the
poisonous substance present in this lichen.

B. Ecological Importance of Lichens:
1. Pioneer of Rock Vegetation:

Lichens are pioneer colonisers on dry rocks. Due to their ability to grow with
minimum nutrients and water, the crustose lichens colonise with luxuriant growth. The
lichens secrete some acids which disintegrate the rocks.



After the death of the lichen, it mixes with the rock particles and forms thin layer
of soil. The soil provides the plants like mosses to grow on it as the first successor, but,
later, vascular plants begin to grow in the soil. In plant succession, Lecanora saxicola, a
lichen, grows first; then the moss Crtmmia pulvinata, after its death, forms a compact

cushion on which Poa compressor grows later.

2. Accumulation of Radioactive Substance:

Lichens are efficient for absorption of different substances. The Cladonia
rangiferina, the ‘reindeer moss’, and Cetraria islandica, the ‘Iceland moss’ are the
commonly available lichens in Tundra region. The fallout of radioactive strontium (°°Sr)

and caesium (137Cs) from the atomic research centres are absorbed by lichen.

Thus, lichen can purify the atmosphere from radioactive substances. The lichens
are eaten by caribou and reindeer and pass on into the food-chain, especially to the
Lapps and Eskimos. Thus, the radioactive substances are accumulated by the human

beings.

3. Sensitivity to Air Pollutants:
: Lichens are very much sensitive to air pollutants like SO;, CO, CO: etc.; thereby
the number of lichen thalli in the polluted area is gradually reduced and, ultimately,
comes down to nil. The crustose lichens can tolerate much more in polluted area than
the other two types. For the above facts, the lichens are markedly absent in cities and

industrial areas. Thus, lichens are used as “pollution indicators”.
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coeLILGLIT NemmmusLmesta6T (Phytoplanktons) erestlLi(hlb. &L6V&6T, efl&ertlerT oMM
&0 Ul uGHsefley  oguey  elly UM YeLETHSET GubSHls  (Benthic)
seTuURSleTDeT.  Hlou  YLBTESET 2 W STUTHRISEHLET  FalbHluNjaeermsen
Gur@aﬂmgpeo‘r gg,suaarrasasaﬂso‘r Flov FMMII6sTMRIS ETHLD L (6FH60) & &(6THLD (E&U[rggj asrremrruu@w
sreurl Wifle] emevssetaeT (lichens) ererLLGISGTHET. @@ Fl6ov QUOVSTESET OHM
QEVETESET VUG FemeTls STeurmisefler g CSTHDISSTEUTIONS euTPElsTMEDT.
@eva erlNcemuL (a6 (Epiphytes) erermi Siev&sULEISIETDET. Hlov VS TESET
6015CamoosmUL (h &6 (lithophytes) 9160608 LITEOM UMD UEVSTESHET Y, (G)LD.

QU EVBTEHSHEIT 60T 6MLDLIL

UVETES6TL  Flov  menm  ClFsvevmsy  yetTenel.  Hlov  Fal LemDeme6l (colony)
CamomieilssSlerper. Fev Qemaermsy (filamentous) SueTenel. @ ClFEL UEVSHTESET
&lermenGLm Gmermey GUTEL HS(MHLD SHlMesT 2 6TeMHTHCEEUT 6L6VG| (§GETToIFsV6VIT
Gumev B&(HLD HMesTHECMT HreseTLILI(HILD.

ClL(HDUITETENOWITETTENEL  @QI6DLPHEITTEY Q6T 2 L6VGHNS 2 6nlllenel  (61.8I.)
eVEOLICTTENSETT.  @6OS6T  HleneTHGHID  STETTLLLEVTD.  @6uailenl)  QLeVSHTESH6T
HeTesllFmFWTS BISHCHT 6V6V&| L lgaUTPLIENEUSETTEGUT STesorliL(HIb. @enLpuiles
Slg&6lFevevmerrg uMHMIMILILTS (hold fast) wrHMWD evLbHS 2areTMIHEO L 2 F6EMGI.
Hlov gevarsseT Wsl Guflu 2 Leugemsg 2 enLwer. (e.&m.) sreleojuum (Caulerpa)
gysmenid (Sargassum) sumblGesriflwim (Laminaria) solNu&em (Fucus).

GuaGrmedlevligeny etestm yeusmailey Geur, Hevor(h), @emev GCUITETM 6MLDLIL|E(STHLD
D 6ITEM60T. QYLEVSHTESEIGT  LIGRISESTI1SMRISET  LIGVEUNSIITEST  6UIGEUBISEN6T 2 68 L U6,
er@g,gjasasrrl_l_rras HlemmenoCLTGmesTmerdley  Hlevoresor  6buUlgeU(PLD, eVEMLIGCTTEmS Frafley
fILLI6DT eulgaU (LD 6m&&60fLOMaNl6y [HLEFSHST 6Ulg6 (LD 2 65 LLI6DT.

ClF60 SiemLiLb BiMLSsefler Sjeme]

&sH6UTg| swWCeaTTUTSLfWBISET TeTm| HeMWPSSLLHID Hevll L&D UuTHeHeners el
SIS LUTFlsEmpd (algae) WEsACWTLIYES &6 Jenwlienl 2 enLwenel. GlFeVg6ur
ClFsvgnIGevmeny  WMMID  GluGigesileoTTey Y esTeneu. SHILLEULLIOTS  eUenFUIMISSHILILL
Blupseflwgd Feuailestmsv @ LPLILILL G1&F6V [h]65oT6s8)| MLIL|SETHLD 2 630T(h).
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1.

QLS TESEI6L PP6ETTM| EUEMSILITEST GerTlECETEHEemS HIMLOIG6IT &mevorLiL (h&esTmeor.

XY

1. ugemgwid (Chlorophylls)

2. sTGrmLigesTm(h&6T (carotenoids)

3. msﬂqgg,ra&.e'rr (biliproteins)

LEFEDFWID a DTSS! UG Hpe0STEEETIID STETULHID. WeTTeL LFenswid b, ¢, d
LoHMID e QElWemeU Flev PeV&sT 6u@GLiLserley WL(HIGWD sSmesrlL(HIbD LDEHSF6T, T (EHS
oHmIb ALy Him BilssT sCrTLigeTilbhesT eriiLbl&lermen. GHlev &GrTLig6TsEmbLD,
FTHCHToolNVBEDHD  ALBIGD. Bfled Smywasapw Hled LTShISETTET comUss6sT
aflgSHlfler  (FslL) WLOMID coenusGEHTFWesflesT  (Heud) HMWSET GUTGHIeUTS
GrmGLmooemudl  eu@UeID Fwletmoosnud (5HOCUTEH  FwGeTm LTSl WnIS6T)
euGLILSYID (permGuw smesoTLiL(héleTment. @bHIMS&6T @ Flw spefluflest FaLiL HmID Hev
wefl  oemevsensmt  FIHSH ReMECETEMSEE 2 sallyflElaTmest.  QLeV&TES6I 60T
HIM L& 611657 46MLD6Y SiEUMMI6TT 6UEDSBLITLIg6D 6(Ih (PEEBIWLI LIBITLITSE &(HSLILI(HEeTm &)
SpVETES6f6T HIMW, Heummley ehg BN HH&EwTeHs STerTlL[HEBTNEHT 35607
SlgLILINLUN6Y en&leTmSl. @SM (& FTeTHTEH CrmGLTsoenLI& (FSHLIL UV&HT) auELILl6n
coemLISCHT erflESlfleot stetTm Hasliy Bl BIDW NS &SWLTSHS STesTlLbHeuSTEL @leneu
faly Blpwrs 2 eTemet. BIMWIET, LSFEISelSRIS 0 2 6Tem  Foueyserfley
S{6DIDS G |6TTEIT6DT.

S EVBITESETTI6HT 2_6WTaLLL (WenMW|LD C&LOILIL|LI OlLIT(HL85(6THLD

SYOVETESET  SHOHETIL 26T L (PNMenSE ClEmesoTLen6l. Y eusTHeEeTleT  LsuGeum)
suGLyseflaid srieuremamCrifh Geuluyl GlUMHLESET, LVaNSOMeT 6VLTTEFSFTS
CeiHg eneussLUL(hsTereT. T(hsHsSH STLLTES &CermCrmsoemusd) su@LiNey Gl
Qum@msT eLMTE YEW. CrrlLmeoemud) eu@GLILN6D  coL|GemmifliguwiedT  SVLTTEFSLD
coGUCWmsoemLIF]  eu@GLILN6L  CouldlGerTiflwesT evLTIE&SHLD W seflCarmoosnd]  6uGLIL60
urgremweuren|d  CaBluLL  QuTBLSeTTS 2 6Temerr. &STFCUTemANLCrlenLs ey
coGUBWT  coemLIH  6UGLIL YEVETEHESET WresflLLTenevw|d CaFilEHg emeuss&leTmenT.
Camlamsosnud LOHMID CuHFlLCEFGWITenLEF] Y VBTHSET GClST(PLIL|, 6TevoTGl6soTU
wLOMID O HEemeT CFlSHSH MeUSSIBTM6IT. YVSTEHESETET eUensUTLIgsY GCaLsliiLy
CILIM(HLE(ETHLD 6(MH (&SI LIESTTLITES & (HSLILI(H&lesTm6oT.

sen&FullenLpserflesT enLoey

CIL(HDLITEITEMOWITETT  QLEVSBT  6UGLLS66L  SengullenpsHsr evevgl  &ledlwimsasst
SUMMI6T  BSB(HLD  HMEBISHE  STTESOTOTSIGTMET. @) (HEUMSWTET  SHenFUTenLps6T
&mesoTLILI(h&lesTm6or.

1. mlemL (acronematic) eusna

2. yesTEEL (pantonematic) euenss.

grlenLeuensd LBl(Hgleumest GMUTLEnL 2 emLlesT. lgeTgsy euemd Lulliflenp GCumstTm
Cwedlbhs  MmiesoToueTflEHemer oW HFFVL  ClEmeseTy(HEEGHW.  HengFullemLpassrflesr
6T6BOT 6301 86018, 606U ClEFEVE)|L 63T @) 6M6T0THSLILIL L9 (ThHES (&0 eNSLD, HEMLOLIL| Y, &I LIETOTL|S6T
QLS TESEIT6T 6Uen&S LTG0 LiwesT Li(h&SLILI(h&lesTmeor.

@evrLl GLIHES (PEnDSET

2 L6V @6sTLIGILI(HESLD

2. umedlev @esTLIGILI(HESLD.
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3.

o b~ wnp =

L6V @)60TLI GILI(THESLD

2160 Qe GumsEsd : GCummlLs SlenersHer  CHTEHTMIH (PODUNED 2 L6y
@esTLI6IL(HESLD HeOLGILMISIME).

umeSleor  @esTUCIL(HSESD ©  LsveusmSWITerT  evGumy&siflest epeuld  HenL ClumiSleTmal.
GeCUTT&6T, JLiemmCesTmaGUTFa6T HMID FensGaTL (&6 oy &lweneu Flevelenss et
umedleur  eVGUTT&H6T QY@HD. (FHVCUTTSHET 6lFeL &SHeUFMHMenel. &en&ullenLps EmhL 6T
FalglLieney, TH & (THLD &60T6DILD 2 DL LIEM6 (er.m.) HlermenCLrGLOmesTT6.
FLETTGeTTeCLITT&H6IT GIL6VEOIW &6UenT 2 6DLUWIEN6L. H(HLD BETEOD DMene. (6.81.)
&Cermllysvevr. FmEBCETL(HHET HlesHs &6U(HLET Falgllenel. HES(HLD SMET HMHMenEL.
(61.81.) NSCHTooGUITITIT.

LmeL @eTlIGlIL(R&ESLD  LmeL @eTliGlL(hESSHH 60 @reser(h) CaLOIL(H&6T @)em6voreheoTmenT.
@enewrb CaUIL(His6T @CT HTevedled(Hhg GsmermleTmsy eng GammCrsmedls
et GleusuGeummest Hmeverdlsd(HHE CoHmermlenTmey Sems GlamlyCrremeds eums
TN HOWPSHCHTD.  @enesorud  CoWL(HiseT  HCHTCsILHEET  H6L6vg)
Cam L iyCrrCaLslL(h&6T &y &)Lh.

oCemGasll : @& Lm Senwliy, GlFwsy Heren Y&HW @ Teurgeid @55 @Cr
wrHlflurest @@ Cabl(hssT @enewréleTmerr. (e1.&M.) eVenUCTTen&SIT  WMHMID
&lermenoGLT GomestmerdlesT &Flev &M M erTrhiseT.

RamLyCrmCsLs) : @esusuenssuilsy Geumuimp 2 snLw @ resor(h CaLlL(Ha6T @) emevoreslesTmeoT.
88! @meuemsLiLHIb)

1) SemerTGam GaLd) (anisogamy)

2) 2a1GaL5) (00gamy)

1. HemeTCHmGaLSl suemauisy @emsmrwd CHLIL(Hs6T GCleusuCeummesr CHTMHMLD 2 6MLLI6DT.
S4eoTTeV ClFWey HetTenuiley s geneu (@Qrsser(h CaLbL(h&EHD H&H(HD HMET 2 6nLWenew
316V6v8)| @\ T65oT(H CaLEL(H&(ETHLD HEs(HLD HMEST SMMEM6L).

2. 2aGs8l euemsullev @ememoruld G (hasst CaHTHMSSHVID GlEFWEH HerTenOUNGYILD
Geumu(hi&leoTmest. @eleuemnss @emetaralley U esTCHIL(H QU HSHCTTEEUTI(HE6T 6T6oTMILD
Gluessr GaL(H Si6voTLLD eTaTMID  SempsaLiLi(hdlermerr. Glustsr CaBL( Glumgleums
S eveTCa LBl enL el CuflwgTsea]|b 1H & (THLD &lmesTmMILD &esoTLILI(HILD.
SUHSCTTHOUTII(HSHEMET 2 (HEUTEGHD Y6etoT  @eTUGIL(HES 2 MILLSET Y bhSFligwid
(antheridium) ereTmILD  SyETOTLSHEMS 2 660T(h) LI6ToT e LD Clgsv oarGamesflwb  6r6dTMILD
gmgasasuu@aﬂmgpm S HSCTTEHUTWIHID  H6TTL(PLD @) 6m6BITHE] 2 [HEUMGLD GCl&sv
ngCarl gy @w. emsCsml wCwrflev LEGUEDEGL WeT CHIYWTS (PemeTHHIL LSHw
HTevensns CamHmIeNsSEmE!.

S VBTESHETT6T 6UMSLIT(H

F.EcoNfILE seoTg "Spevsmassfler oenwlil wmmib @erilumessd” (Structure and
Reproduction of Algae) erestenild mITEOl6L Y V&ETEHESEDET 11 6UGLILSETTS, HLPEHSTED)ILD
LI6BoTL|&6TFl63T D19 LILIemLUN6V euem &L (H &SI W ET6ITTIT.

BimLl&erfler Caaems

Gy Clum(mLaseT
&em&WilenLpserfleT SiemLney

STV 6BLDLIL]

@esTLGILI(HESLD.

QYEVSETESEIT6T 11 61(8LIL|SH6ITT6L60T
&CermGrmsoen LI,
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Camlsmeosnd,
SenTCameoemnLIg),
GCuHLGeLINIGWIMsoLIEn &),
S fLGLTcoem LI,

60 L GesTmooemLIE),
&CermGrmGLomesTiTig 66f,
W seflGevrmooemLI] ,
00GUGWIMsocosmILIE

. CrmGLmsoemud),

oS 9 0Nk DN

= O

. B1&GE oo LI,
S EVBTESHET6IT CILIT(HEMTSTIT (&S I6ULD

sBUSHW  sasClsplufear Uy 2edlar  uTd 2 PuSSSSImeT  (SMTU6TIEm6
BINISSLIL[HIB6EV) HLEOCOBHECS 2 BTLTEDS. HLESED uTREFalgul @G STeuy GeTioment
SUVETESHCET  @eueyMUSHS @m@ﬁ@ SUBMTID. YPVBTEHSEET  (PH6V  [Hlem6V
2 MUSSHIWTETTSHETTES (PSS LMs eusHlsHg U B Hlenew 2 esrels &midledlssrflesr
QL TDLILDITS 2_6IT6IT6DT.
SVSBITHSHET 2_650T6UTSLI LIWIGHTL(H 56D

wesflgest, eIl eNevmi@GassT wMHMID BerasT YHWeuHMIDE WSHSW 2 6sTeums
SLEVBTHSHET  endleTmest. CUTTooenLITTalN6T FlMHMleoTrmigeT ULITET, @m&SlevTha)
LOMID &edleoGumrFesillum mr(hlsefley o L ClsmsmerLliLihiélssrment. fsveum, sumslGsoriflwim,
Fremend  LOHMID  (GHCemmoFevevT YUHW  YEVETEHESEHLD  LVBT(HS66L 2 smTeuTs
2 svoresoTLILI(h&lesTment. sumBlGeoTiflwm,  colNuL&seny  LMHMID Y eVESHMoolNeV6VD L&
SLVBTESHST 651 (H aT6VLIEE (ETHEEHLD HITELIHEN LG (ETHE FHLD 2_65eTeUTS By6rflessLILI(hH&esTm6or.

efleugmwsgienmuiley oy 6vamallesr LIk,

SperdlsveuGLmflwm, jermiilestm, BHTeLLTE WMHMID HETFFT Y&l HevliLgDd LT 6T
6uetfl LO6TITL6Y emBLTenssT HlemevLiLi(h&HS) 6ettTeUsTSHeNS HH&fleH&leTmert. Feormallsy|d
ooLILIM6sfleVID GILI(HLOLITEVTEDT &L6VLITE&6T LIUN TS EHE & 2 FLOMSLI LIwi6sTL(H & 60T m6oT.

Czmiflevglenmuiley g evameailer LImiE,

Sl Q&MY — &MJ UTSeflWBEST WOHMID LLEHEDSFSHEN6T Y U6 |EFTENVUTIV 6L E (&)L
CuUITEl USTT - HSTF 6USTTHEMOTSHL LIWeTUHISIMSI. Flev ([HHSILICILT(HLEST MHMILD
SIPE FTHeeTl CummsTaeT sWIflUNen @& 2 uCUTHSSILHKEDSHI. HSTF - NS
G060l g uid LOMM|LD &lymer§Gevrfluim YR: 3TN faliy V& TE 6T 60 (HH S
sWrflasliubh&Smag.

3. pevdlesfles oiblevd (Algenic Acid) @ g evdlesiles ibleud ereTliLI(HID Falpwd (colloid)
LpULY  UeveTssaNed(BhHE CuDLULBISIDG. evleT, mev&lifd, PG STSHeTL
Clum(mLassT LOMM|LD LML &&6rTl60 BlemevLl ubH\SsLIU[HID Clummermra
o LGWT&G&LIUGHISIDG).

@. oCGwmgest : HCWMY6eTT 'Gl&HEVLI' 6T6OTM] HEMPSHSLILIHID LIPLIL] Y608 TEES6TIe0) (HHS)
CupLUU@GI&SIDgI. GMILUTES @& sumblGestiflwmellest Flhmlermigetled)(hHba lumULHSmEI.
F. enLGuilLenwl (h (Diatomite) : enLGwiLLLD 6T6tTm| HeOWSSLILGHID (HlengCamooemLigl)
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S vaTesefler Hedlleam BlIFnw Glasy seurseflsv Lmemnm GumesTm Lgujb CummHGsT
LGULLenwL(H eTeaTm HemPSHESELIUGHISIDG. @b ClFvssT @MeELeUTs Heneu
sLCeumrmiseflevid  giflseflest  SliLEGH NI  LIghHg l L6V &STeVD  LIgeURISETTSHSE
smesoTLiL(h&lesTmet. @LiLigeumigeled(mbgl ClUMULGBILD enLGulLeml(h) ewTey HSH&
Fellsar BIrpNwusTs 2 6rergl. LCWLLMWLL() Swmey STHEHILLTS GlLM(IHLEm6T
2 6OTLITE (&H6USeVID, 2 M(Eh&rd Slmest HIFLINWSTEED 2 6T6emgl. Cosvd @leneu oifl& &L
SHEUTENLD  UMLIHS @FTWesTl GClUT(HLENET LTHISTULTET (PenmuNey  (h&E6eUSH60
LwetuhSleoTmest. emLewemL(H  2muUsH  CFWeubenid  @eneu 2 LGWTSL
L\ SSLIL([HE6TM6DT.

eflevarGleueIILILIETITS Hl6V Sy L&TEEH6ITIEHT LIS,

eflevorGleuerlll Lwemrmiseflesr Cumgl CO, wHMID 2 Leled(HHE CeusflumEn siflel
QummLssner  GleuslGwMme b  (§GsmmolFsveur  enUfleTMUGCLTET  6TeTm Y 60&IT
2 LCwrslLuhSsLIUHSEIDE. @HS WeusT We Ceuswrsall ClLms), sefle Carsensuilet
epeuld COsmeull LweTUhSEH o sedlemenest GlouefleN(Hdmgl. Cwevib wesflg sleL
QumpLEeneT HlenssHsH ASO(HHSH 6UMHL NBLIDeneT LTJsE Cojsems Glaww
LwesTtU(h&H 8 ClameTdHmal.

@henme ClFevrsb (SCP)

&Gemmolysveur wMMID evenLI(HedlesTT GUTETM 6(H ClF6L Y LV&ETEHSEST LT Glamlba)
sreseTLLI(Heusmev @lemeu Lrg 2 eworeumasll LiwesTL(hélesrment. Cosvib (&GCermelrsvevumeailey
eneulLLBlesTaeT SSsD 2 siemest. BIGeTT  UblVRISEHD LTHEF &58 OGlEMHSID
sreseTLLI(Heusmev (&Germlreveumeald evemL(HedlesTmeb emenms blFev LiTs CarsHensuilsy
Cufigib vwest wbBSSLLHSTD6ET. (&HCeTTElFsvedlest eresTm  MietoresofluN G  Glasmevsdl
(antibiotic) (&GermGlFsveLTENON(HIBEHI THIGHSLLHE M. &fley BHHD  (&HCeTTGIFsveT
Gumestm yevereser Blaubluflw  swWe BT HFbaw  oywmnm G TLigssrley
euemTF&&LILGSlTmeT. @Qhe UVETHESET  alFCajensuller opeud  W(GSlwmesr
S &Hlerdleement Gleuslu(Hl&lstTmet. HTHMIEF Seumg LITLeflwnhigsT GUITeTM H6voTsws)| Ul F &6
@bs o sedlmenest LIWeTUHSS seurdlsg 2 uiy eumpdlerment. @eneu sflell GlLmmerfley
SILBISIW 66T &l ClUM(HLEN6TE FlensHa HeMS HTUIEnLOLI Li(hE5I860TM6DT.
QLEVBTEBSEIT6EIT HemLd LILISGLD edlememeyse6T

Flev FLWMRIGSET YVETHSHET LiEH&6T (Blooms) ererlublid SLIHS SHenwLiens
GormmiefsdleTmert. GMILLTS GleuliLLll LiGSlseflev Hla 26l | F555| 2 66T @)L miger ey
@eneu HsD (Bg,rrs&rgaﬂsifrmm uev Crrmsefley sfleyl QummLaseneT Biflev Cl&mesor(he&
Coygeey, 2 pmest eflusmu BlemseleOlmbhs auPbCsTy <4mi, gfl GuTeTm B
Hlemevsensrs CargHev Gumsstm  Wwesflgyserflesr [rg.l_sumassm&,aserﬂsb'rrrsn @mbg LIEHLS6T
GomeTmiSlesTmest. @ &6 afleneTeuTs HlieblFsTm| (WPSHL Hleney 2 MHLUSSIWITEITTEETT6sT
QUVBTESEITET 6UsTTFF Liw LEIE AHSH&FESHaTDE. Hs eralley CaTeTmIeUSHTen
Sieme6u 2 esoTesoTLILI(hleuS M (& (PetTLITEHG6U LigHletTM6ET. @MIHS @)SH6T 2 LEVHBISEN6T SHTMHm|&
Foumrs UMsLeflunhigsT HensseIl Cluh@GSsTmesr. &THMIEF &Seurgd LTsLeflwnhigerflesr
QumsssHletmev 57 Hleneoulsv oy &erllesfletr 6Ty GHMMEIMSI. @&H60T HTF6sTLONS B
blemeuseifley o eTem  LbesTa6T, afleVmIEGSHET WMMID SHTEUTRISET YPSIW  SENETHSGHILD
SILPl&El6TM6DT.
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euey&Frflwm

sueyFlum eneu 54 @esTrmIsET (GM&EeTmerT, SeuMMey &My 19 @eTrhigssT @bHwmailey
sresoTlL(h&lerment. su uc Caflwum GumLUTeD LHw Biflev smessTlLbhEImE), <460TT6v
&LOMT QM| @6BTMRISHEIT SHL6V LOMMILD &Fl6V FFLDTEDT LD63OT685{ 160 STesoTLILI(HID HlevLiLyLiLy.

afl. Glafledleny MM 6. GLGFsvLifley CumesTm HleLILITLL @6STMRIGSET LIG6mLOWIT6sT
eihserflev  Hlpeumest @ILMiseled  FFLOMEST  LD6TOTENSlEL LIFEME  LIMUISSEM6IT
2 meurs@Gaslermerr. a9,  OINNwT  erestugl  Biflfley. 69, Cxmmerrd) o GwiflEsTalley
GeflFsmey uesfluflev NGIFeuasTL (1938) SiMsens ClFwsSTT. 6u uc Fflwmelsr ClLITgeuTest
@bsHlw @ertmigssT . LNNwm, o). ClgiblestriLm, i), umedlevGluFom.

- algassase il

(@) o) z
Fig. 1. (A, B). Vaucheria structure. (A} Entire thallus, (B} A part of thallus

&u 6 Fflwmefeir eurpEmas sPmHH: -

6UeFCEFFIWIT 6T6ITLIZ| (56TTRISH6IT, LIGTEMMISET LDMHMILD FFFLOTEST LD65oT6s0 160 SmesaTLILI(HID LIFen s
HESTEsl T UVSET U GW. @G svenuGCrmElirm CuTsTm @eveus IFHeneU 6V6V, Y6TTTEV
CupLUTsYID HIMWMMD MFFTULIHSEET V6V COAMTEVL coLITETVLGEITTEY L9 CLPEVE:Fa ML 65T

@eneTHSLILL(H6TEmS]. @& STV ETeTLS| RMenM HleneTsHs (LML @en U GW. @I
@@ Guflu smww CeupmLsenss snmlwsrer englGLTLNsmmedlesT uMp&Hems 2f(H&Hl6v
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uev HIBIL HHEsHmeTS Cl&smestT(heTemgl. @H5ensW Senwli CarTCeTmengLl ereTm)

SImP&S&LILMHEMSI. @6eTLI6IL(HESS 2 MILIL&E6T GSTLFUTS GlFULT CaHmesTmILD.

eflereCaisens @erL6umssw: - @& Ouflu  sesfl 2uNfluey L mismeumey
BEOLOILMIEIMG. 6T sueTFeFluilest Cumg @empserfler 2 &b G, Hlemll suigauome),
g peer @emipsefledlpmbgl ClaliLd epsud NfssULBIEDS. @Qbs &l algal 2 L eney
odeCurmlwd  aearm  JmpssUUGEIng.  sger  YGrmLGLmfermeividls
2 6ITEMLS&HMIG6T 2TO6CUTTRIEIWGS ST emenm eIDeVCUITT &eueny 2 (Heumseshl, 2 F&lullev
Hengbhgl, LOHMID 2TOVEUITT (PenesTW SHIeneT epeud SLLNGSH &FPMME GISTLEIEGHSIMEI.
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UNIT IV - FUNGI

Structure, reproduction and life cycle of the of the following genera fungi — Albugo,
Rhizopus,Peziza and Puccinia.
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Dr.S.Gandhimathi,

Guest lecturer in Botany,
K.N.G.Arts College for Women (A).
Thanjavur.
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Fig. 14.24. Diagrammatic representation of the life cycle of Puccinia gramirnis.
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Fig. 4.111 :Lichen-lorming Algae : A. Plewococcus wiridis, B. Scytonema sp., C. Nostoc sp., D. Gloeocapsa sp.,
E. Pleurococcus sp.
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Fig. 4.112 : Different forms of lichen : A Leprose, B. Crusiose, C. Foliose and D. Fruiticose
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Fig. 4.113 ¢ Internal structure of kehen thatlus : A, Homoisomarous thallus, and B. Heteromerous thallus
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Breathing pores

Fig. 4.114 - Specialised structures associated with lichven thallus : A Breathing pores. B. Cyphelia, C. Cephalodium
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Fig. 4.115 : Asexual reproductive struciures @ A, Saredium ol Physea pulveruienfa with single algal cell, B. Sorediem
of FParmelz with mony algal cells, C. Isidia of Pelfigera and D. Scralia on hallus
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Fig. 4.116 ; Sexual reproductive siructures : A, Spermogonium (= pycnidium), B. Carpogonium
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Fig. 4,917 : Structural features of ascalichen : ACApothecta, B. V.S. of apothecium and C. Pertion of hymenial region
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Fig. 4.118: Structural features of basidiolichen (Cora pavonia) | A, Brackel-ike thalli, B, Verical section of thallus
(porion), C. Basidium with basidiospores
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