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1.1 OBJECTIVES

After reading this unit students will be able-

e To know about morphological (thallus) structure of selected fungi- Synchytrium, Mucor,
Taphrina, Puccinia, Ustilago, Agaricus, Alloymces, Phytophthora, Pilobolus,
Saccharomyces, Fusarium

e To identify different reproductive structures (asexual and sexual) found in different fungi
species

e To study about identifying features of fungi species

1.2 INTRODUCTION

The fungi are eukaryotic organisms without chlorophyll. The fungi are placed in a separate
kingdom myceteae, fungi are studied under a special branch of biology known as mycology.
Fungi are generally terrestrial organisms, however some marine and fresh water fungi species are
also known. Large numbers of fungi are pathogenic to plants, and animals. Some fungi are also
known to be present in beneficial association with other organisms e.g. Mycorrhizae (which is an
association between fungi and roots of vascular plants), lichens (an association between algae
and fungi). Most of the fungi are saprophytes and grow on dead organic matter, other fungi
species are parasitic. Fungi are usually aerobic although anaerobic fungi species are also known.
Fungi are known to reproduce sexually as well as asexually. Asexual mode of reproduction
occurs through budding, binary fission and through spore formation. Asexual spores produced in
fungal species include Anthrospores, Sporangiospores, Chlamydospores, Blastospores and
Conidiospores. Sexual reproduction takes place by union of compatible nuclei to produce
Zygospores, Ascospores and Basidiospores. The vegetative structure of a fungus is called thallus.
It varies in complexity and size, ranging from unicellular yeasts to multicellular moulds. Here it
should be noted that fungi are in general represented by yeast and moulds. Yeast is a unicellular
fungus, producing moist to waxy colony in culture. A mould produces leathery, cottony or
profuse powdery growth on medium. It consists of a mass of intercoiling branched, threadlike
structures called hyphae. The mass is known as mycelium. Depending on the fungal type, the
hyphae may be septate or aseptate. The hyphae grow on or within the surface of nutrient media
to get nutrients. This represents vegetative mycelium. Some of the specialized hyphae arise
upward away from the medium surface. It is called the aerial mycelium on which the
reproductive structure or spores are formed.

1.3 MORPHOLOGICAL STUDY OF REPRESENTATIVE
MEMBERS OF FUNGI
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1.3.1-Synchytrium

Aim: To study about plant pathogen Synchytrium endobioticum
Classification

Kingdom:  Mycota

Division: Eumycota

Class: Chytridiomycetess
Order: Chytridiales
Family: Synchytriaceae
Genus: Synchytrium
Comments:

1. S. endobioticum occurs as obligate parasite and is found in tropical as well as temperate part
of the world. The fungus is found as a parasite in the epidermal cells of the host.

2. S. endobioticum causes the black wart disease of potato (Solanum tuberosum). In India the
disease is common in region of Darjeeling and West Bengal.

3. The disease is common in areas with a cool moist climate as S. endobioticum does not

survive in hot environment.

S. endobioticum possesses a unicellular and non filamentous thallus.

S. endobioticum is endobiotic and holocarpic.

Thallus forms a mass of naked, uninucleate amoeboid mass of protoplasm.

A double layered chitinous wall develops around the thallus.

The fungus is found as a parasite in the epidermal cells of the host.

© N A

Aim: To study about reproductive structure of Synchytrium endobioticum

Comments:

1. The asexual phase of the life cycle of this parasitic fungus starts with the infection of the host
by the parasite.

2. S. endobioticum is present in the wart tissue of potato tuber or in soil in the form of resting
sporangia which remain viable for a long period.

3. Under favourable conditions the resting sporangium or spore germinates producing haloid
zoospores which are released by the rupture of the enclosing membrane.

4. Zoospore swims and reaches a potato plant and gets attached to surface (tuber or stolon) of
host plant. Zoospore then retracts its flagellum and germinates by forming a germ tube.

5. Germ tube pierces the cuticle and the wall of the epidermal cell of host where it develops into
a uninucleate intracellular thallus. The unicellular pathogen thallus secretes a wall around it
which is differentiated into an outer, thick, golden yellow exospore and an inner, thin, hyaline
endospore.

6. The zoospores present in sporangium which come out from sporangial wall and may reinfect
the host.

7. Sexual reproduction takes place through gametes (planogametes) formed during unfavorable
conditions.

UTTARAKHAND OPEN UNIVERSITY Page 9
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8. Gametes are formed in same way as zoospores are formed.

9. Fusion of isogametes forms a zygote which after swimming for some time penetrates host cell.
10. Zygote undergoes hyperplasia (repeated cell division)

11. Zygote is converted into resting sporangium.

12. Under favourable conditions zoospores divides meiotically into many uninucleate, haploid

Spores.
INFECTED HOST CELL RESTING SPORAGIUM

HOST CELL

Fig.1.1: Host cell with resting Synchytrium spore

1.3.2-Mucor

Aim: To study about morphology of fungus Mucor
Classification

Kingdom:  Mycetae

Division: Amastigomycota
Class: Zygomycetes
Order: Mucorales
Family: Mucoraceae
Genus: Mucor
Comments:

1. The vegetative plant body is eucarpic and consists of white cottony coenocytic much-
branched mycelium.

2. The mycelia ramify all over the substratum.

3. The hyphae are usually prostrate, but some of them penetrate into the substratum and serve
the function of both anchorage and absorption of nutrients.

4. The hyphal wall is microfibrillar, consisting mainly of chitin-chitosan.

5. The protoplast contains many nuclei, mitochondria, endoplasmic reticulum, ribosomes, oil
droplets, small vacuoles and other substances.

6. Mucor reproduces by vegetative, asexual and sexual means.

7. Mucor reproduces vegetatively through fragmentation and asexually by formation of
sporangiospore, oidia and chlamydospore.

8. During favourable condition, the nonmotile spores known as sporangiospores or
aplanospores are formed inside the sporangium.

UTTARAKHAND OPEN UNIVERSITY Page 10
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9. Oidia are thin walled structures formed by mycelium which grow in a medium rich in sugar.
After detachment, the oidia increase by budding (similar to yeast). This stage is called torula
stage. Formation of mycelium occurs later.

During unfavourable condition, formation of chlamydospores occurs which are thick-walled,
nutrition rich, intercalary mycelium segments developed by septation of mycelium. When
conditions become favourable chlamydospores germinate to give rise to mycelium.

Sexual reproduction takes place during unfavourable condition through gametangial
copulation, during which gametangia conjugate to form zygospore.

In heterothallic species, zygospores are formed by union of two gametangia developed from
mycelia of compatible strains; however in homothallic species, the uniting gametangia
develop from mycelia that are derived from single spore.

13. Zygote germinates (after resting period) producing a promycelium.

10.

11.

12.

N PR
Q i=d Nucleus
%5/ p—Plasma membrane
) 24, £3—3— Mitochondrion
: { ﬂ&-_-}——Endoplasmic reticulum
‘ ifo \D %> Ribosomes
\: 2O F—Vacuole
%l // Cell wall
C

Fig.1.2 A- Vegetative mycelim of Mucor, B-Light microscopic view of hyphae. C- Electron
microscopic view of hypha

1.3.3-Taphrina
Aim: to study about morphological features and reproductive structure of Taphrina
Classification

Kingdom:  Mycetae
Division: Amastigomycota
Class: Ascomycetes
Order: Taphrinales
Family: Taphrinaceae
Genus: Taphrina
Comments:

1. The genus Taphrina includes several fungal pathogens which cause hypertrophic
malformations of buds, leaves, twigs, flowers and fruits producing diseases known as leaf
curl, blister and fasciatiom.
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2.

N o ok

10.

11.

12.

13.

In woody twigs often unnatural, profuse, tufted branching “witches broom” is .developed.
Taphrina deformans causes peach leaf curl disease and T. cerasi causes witches’ broom of
cherries.

Somatic mycelium grows intercellularly and forms a network under the epidermis, or the
cuticle of the host tissue.

Its cells are irregular in size and shape and are dikaryotic.

Generally mycelium is annual; however in some species it is perennial also.

Asexual reproduction occurs through uninucleate, thin-walled spores also known as conidia.
The conidia develop from the ascospores through the process of budding. Conidia once
formed bud indefinitely produces secondary, tertiary, etc., conidia.

Conidia germinate by germ tubes which penetrate through cuticle of young leaf and cause
infection in the host tissue.

Sexual reproduction is accomplished by the development of palisade-like layer of rectangular
asci which are produced from the dikaryotic cells of a compact mycelial layer.

These cells are the ascogenous cells, which are ovoid, pyriform, or dome-shaped. During the
development of an ascus the ascogenous cell elongates perpendicularly to the host surface. Its
nuclei fuse forming a diploid nucleus

The diploid nucleus then divides mitotically into two daughter nuclei of which one moves to
the distal end and the other remains at the base. The elongated ascogenous cell now divides
into two unequal cells by a transverse septum. The upper larger cell is the ascus mother cell
(which forms ascus) and the lower smaller cell is the stalk cell.

Nucleus divides reductionally into daughter nuclei which again divide mitotically to form
eight haploid nuclei resulting in formation of 8 ascospores.

There is no development of ascocarp. Mature asci are exposed by the rupture of the cuticle or
epidermis of the host tissue. The ascospores produce small, round or ovoid uninucleate
blastospores (conidia) by budding.

N/ f/ T r - _
Host cells Host epidernns

Fig. 1.3: A- Infected leaf of Peach, B-Naked asci at different stages of development, C-Ascus with
many blastopores
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1.3.4-Puccinia

Classification
Kingdom: Mycetae

Division: Amastigomycota

Class: Basidiomycetes

Order: Uredinales

Family: Puccinaceae

Genus: Puccinia

Comments:

1. Puccinia graminis is obligate parasite, polymorphic, macro cyclic and heteroecious rust.

2.

10.

11.

12.

13.

14.

15.

It affects wide range of hosts including wheat, barley, oats and rye. Grass hosts include
Agrostis, Dactylis and Agrophyron.

Heteroecious i.e., it requires two unrelated hosts such as wheat (Triticum aestivum) the
primary host and Barberry (Berberis vulgaris), the secondary host; to complete the life cycle
The vegetative body is mycelium which is of two types: dikaryotic and monokaryotic.

Both the types are septate, much branched, grow intercellularly and produce special
haustoria, which penetrate the host cell.

Simple pore if present in the septum, maintains protoplasmic continuity between neigh-
bouring cells. The cell wall is composed of chitin and glucan. The cytoplasm also contains
vacuoles, oil globules, glycogen bodies etc.

The dikaryotic mycelium (n + n) occurs in wheat plant i.e., the primary host and the
monokaryotic mycelium occur on barberry plant i.e., the alternate host of the pathogen.
Macrocyclic i.e., it has extended life cycle and consists of five types of spores i.e.,
uredospores, teleutospores, basidiospores, pyncniospores or spermatia and aeciospores.
Uredospores and teleutospores grow on wheat, the primary host; basidiospores in soil or on
dead plants upon soil that developed from teleutospore; and the pycniospores and aeciospores
on barberry plant, the alternate host of the pathogen.

The uredosorus develops on wheat plant from the dikaryotic mycelium produced by
germination of aeciospore, which comes from barberry plant.

The uredospores develop in groups under the epidermis, called uredosorus, which appear in
the form of reddish-brown pustules.

Uredospores are stalked, oval, unicellular, brown, and thick walled with 4-round equatorial
germ pores. The uredospores in favourable condition (i.e., in winter season) again germinate ,
thus infect the wheat plant

At the end of wheat season, the uredosori also produce teleutospores along with uredospores.
The teleutospores are stalked, spindle-shaped, thick and smooth-walled with round or pointed
apex, 2-celled and slightly constricted at the septum.

The teleutospores become exposed by rupturing the host epidermis. It acts as a resting spore
and survives during unfavourable condition and germinates by producing one germ tube from
each cell.
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16. Basidiospores are unicellular, thin-walled and very small.

17. The basidiospores survive for few days and infect only the leaves of alternate host (barberry).
They germinateby producing mycelium.

18. Pycnidia (formed by mycelium) are generally present on upper surface of leaves and are flask
shaped with a pore called an ostiole.

19. Unbranched hyphae present near ostiole are called periphysis.

20. Pycinidiophores are discharged through ostiole and help in producing dikaryotic mycelium.

21. Dikaryotic mycelium forms ascidial cup and ascidia are present on lower surface of leaves.

22. Large number of elongated cells called a ascosphores are present at the base of ascidia.

23. Each sporophore cuts into a smaller and larger cell. Smaller cell is disjunctor cell and larger
cell is aecidiospore, which are blown away by wind and infect wheat plant and cannot
reinfect barberry plants.

2-CELLED

HOST
TELEUTOSPORE STALK

EPIDERMIS

UREDOSPORES paRAPHYSES

MYCELIUM HOST — BROKEN HOST
. TISSUE MYCELIUM EPIDERMIS

MYCELIUM

HOST TISSUE

DISJUNCTOR

AECIDIAL CELLS

HYPHAE

AECIDIO

SPORES ] —> AECIDIOSPORES

(G~ DIKARYON

Fig.1.4: A- P.gramnis tritici V.S through telium showing stalked teleutospores, mycelium and host
tissue, B- V.S, through uredium showing uredospores, mycelium and host tissue, C- V.S infected
leaf of Berberis through pycnia and aecidia, D- structure of Aeciophore

1.3.5-Ustilago
Aim: To study about characteristic features of Ustilago
Classification
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Kingdom:  Fungi

Phylum: Basidiomycota

Class: Basidiomycetes

Order: Ustilaginales

Family: Ustilaginaceae

Genus: Ustilago

Comments:

1. Ustilago is the largest genus of the family Ustilaginaceae which is represented by more than

400 cosmopolitan species.

All species are parasitic and infect the floral parts of wheat, barley, oat, maize, sugarcane,
Bajra, rye and wild grasses.

The name Ustilago is derived from Latin word ustus which means burnt. Representative
members of the genus produce black, sooty powdery mass of spores on the host plant giving
a ‘burnt’ appearance. Hence it is also known as smut fungus.

The fungus is of much economic importance, because it causes heavy loss to various
economically important plants. This genus is very common in U.P., Bihar, Punjab and
Madhya Pradesh.

The mycellium is branched, septate, hyaline, and intercellular, with or without haustoria.
Primary mycelium is monokaryotic (uninucleate) and formed by the germination of
basidiospores. It is of very short duration.

Secondary mycelium is formed by the dikaryotisation of the primary mycelium.

Aim: To study about various reproductive structure of Ustilago
Comments:

ok wnPE

N o

10.

11.

Both asexual and sexual reproduction occurs in Ustilago.

It takes place by fragmentation, budding of basidiospores and formation of conidia.

Ustilago is autoecious organism as its life cycle is completed on a single host.

No sex organs are present.

Two types of spores are produced during life cycle of Ustilago, Teliospores and
basidiospores.

Teliospores are also known as chlamydospores, smut spores or bi-nucleate brand spores.
Teliospores are produced by the secondary mycelium (dikaryotic mycelium).

During the time of flowering secondary mycelium becomes active and forms a dense mass of
hyphae within the host tissues.

The protoplast of each bi-nucleate cell rounds off and secretes a thick wall around itself,
resulting in smut spores formation.

When spores mature, the gelatinous matter disappears and the spores get separated from one
another.

The smut spores are disseminated by wind, insects or water.
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12. Under favorable conditions of moisture and temperature and teliospores fall on substratum
such as soil, twigs or leaves and germinate.

13. Basidiospore is thin walled, uninucleate and oval to round in shape.

14. Basidiospore germinates by producing a germ tube either on the soil or on the young host
plant.

15. The germ tube is haploid (monokaryotic), it fuses with opposite strain to form a dikaryotic
cell (a process known as plasmogamy). Dikaryotic cell develops dikaryotic mycelium
(diplodization or dikaryotisation).

16. This dikaryotic mycellium further produces the teliospores.

basidiospore X

g piasmogamx
.7 [, SAPROPHYTIC  _~

conjugation
/ bridge
/ PARAS]TIC

>

karyogamy g
ﬁ . .
3
RH

2 dispersal
\ teliospore

meiosis
=

Fig.1.5: Teliospores and basidiospores of Ustilago life cycle.

1.3.6-Agaricus
Aim: To study about vegetative and reproductive structure of Agaricus

Classification
Kingdom:  Fungi

Division: Amastigomycotina
Class: Holobasidiomycetidae
Order: Agaricales

Family: Agaricaceae

Genus: Agaricus

1. Agaricus is a saprophytic fungus commonly known as mushroom.

2. It grows on damp and dead organic matter. It is found on soil humus, decaying litter on forest
floors, in the fields and lawns, wood logs and manure piles.

3. Vegetative mycelium is found under soil in form of thick tangled wooly mass known as
spawns.
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10.
11.
12.

13.
14.
15.

16.
17.

18.
19.

20.

21.

22.

23.

24,

25.

26.

Hyphae are septate, hyaline with oil globules vacuoles and thin cytoplasm.

Cells of hyphae are uninucleate initially which later undergo process of dikaryotization and
become dikaryotic.

The aerial portion constitutes fruiting body.

When young, the frutification is small, spherical or pear shaped, this is called “button Stage”.
From the study point of view the mushroom can be divided into two parts: (a) the stalk or
stipe, which is a fleshy, pinkish- white portion usually broader at the base, (b) the other part
is somewhat more complex and termed as cap or pileus.

When young the pileus is spherical in shape and more or less button like and remains
completely enclosed by a thin whitish membrane known as “velum”.

At maturity, the velum ruptures and remnants of it remain surrounding the stipe which are
termed annulus.

The pileus becomes umbrella- like expanded portion on the terminal end of the stipe.

Under the pileus a gill cavity is present and in this cavity a large number of thin, vertical
plate like structures which run out towards the edge of pileus like the radiating bars of a
wheel are termed ‘gills’ or ‘lamellae’.

The gills vary in number from 300-600 in each pileus.

On both the surfaces of each gill thousands of basidiospores are produced.

The mature pileus is two to five inches in diameter; its top is white, cream coloured and bears
many fine silky hairs or scales.

At first the flesh is white, but later on it changes into pinkish in colour.

The gills are at first flesh coloured or pink but as the fructification matures they become dark
brown in colour.

On each gill a spore bearing layer is developed which is termed, the hymenium

The stipe of mushroom is composed of an interwoven mass of hyphae, and in sectional view
a tissue like structure is seen, which is false tissue, known as pseudoparenchyma.

The hyphae of central region are more loosely interwoven and posses much air spaces while
the hyphae of outer region are more compact. The central portion is termed medulla and the
outer one, the cortex.

The vertical section of gill exhibits trama, hymenium and sub-hymenium.

The hyphae of the trama bend outwards on both the surfaces of the gills and terminate layer
of small, rounder celss, called the ‘sub-hymenium’.

Outside to it, on both the surfaces of the gill, layers of clavate, palisade like cells is
developed which is called the ‘hymenium’.

The large cells of the hymenial layer are termed basidia and the shorter are known as
paraphyphae.

At the terminal ends of the basidia, two or four sterigmata are developed. A single
basidiospore develops on each sterigma.

The basidiospores are small, rounded haploid and uninucleate.
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27. The basidiospores germinate to produce primary monokaryotic, branched and septate

mycelium.

SLUB-HYMENIUM

c HYMENIUM

= ~ PARAPHYSIS
STERIGMA

, \ .
[ IOSPORES
Gills hang/ 0 f \’\ o =
vertically U= | D
downwards a P
partial veil || hollow stipe
or stalk

N

Fig.1.6: Mature fruting body of Agaricus and vertical section through sporophore: A, B- Mature
basidiocarp, C- V.S. through gill

1.3.7-Alloymces
Aim: To study about occurrence and structure of thallus

Classification
Kingdom:  Fungi

Division: Mastigomycotina

Class: Chytridiomycetes

Order: Blastocladiales

Family: Blastocladiaceae

Genus: Allomyces

Comments:

1. The genus Allomyces was first discovered in India by EJ Butler (1911). Later on its

© gk w

distribution was found worldwide.

Allomyces genus comprises five species among which A. arbuscula, A. macrogynus and A.
javanicus are of utmost significance.

Allomyces is saprophyte in nature, soil dweller and inhibits wet soil.

Thallus in Allomyces species is hyphal and is called mycelium.

It is filamentous and remains attached to substratum through branched rhizoidal hyphae.
From this rhizoidal system arise single stout hyphae which forms lower portion and is trunk
like. This portion undergoes several dichotomous branching to form branched part of
mycelium.

On terminals ends of branches are borne reproductive organs.
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10.
11.

12.

Hyphae are multinucleate and coenocytic.

Septa in Allomyces are also known as false septa as they do not completely separate
protoplasm of adjacent segments.

Hyphal wall is made up of chitin, beta-glucan and ash.

Along with numerous nucleic, mitochondria, there are present concentric granules in
cytoplasm of hyphal segments.

These concentric granules act as plugs for septal pores to prevent loss of protoplasm in case
of damage.

Aim: To study about reproductive structure of Allomyces

Comments:

(A)
1,

2.

No ok ow

o

10.
11.
12.

13,
14,
(B)

1.
2.

Asexual reproduction

Vegetative thalli are of two types: haploid gametothalli and diploid sporothalli.
The two thalli cannot be distinguished from one another in vegetative phase but can be
identified in reproductive phase when gametothalli bear gametangia and sporothalli produce
sporangia.
Gametothallus is concerned with sexual reproduction. It is homothallic.
Sexual reproduction occurs by planogametic copulation.
Planogametes in Allomyces are anisogametes and uniflagellate.
Female gametes are uninucleate uniflagellate, and almost double the size of male gametes.
Male gametes are uninucleate uniflagellate, and smaller than female gametes. They are
orange or red in colour due to presence of carotenoid pigment.
Both male and female gametes are released into water from respective gametangia.
Plasmogamete discharge female gamete releases a hormone called sirenin which acts as
chemoattractant and directs the movement of male gametes towards female gametes.
Male and female gametes fuse in pairs resulting in formation of binucleate cells.
After plasmagamete the two nuclei fuse to form zygote by a process known as karyogamy.

Zygote in motile and biflagellate. It moves for 5-10 minutes and then comes to rest, flagella
are retracted and wall is secreted around the zygote.
Zygote germinates immediately, a basal germ tube is formed which branches to form
rhizoidal system.
Body of zygote enlarges by elongating in opposite direction to from thick trunk like hyphal
tube which further branches to form sporothallus.

Sexual reproduction

Sporathallus formed from zygote is concerned with vegetative reproduction.

Sporothallus produces two types of sporangia, a colorless thin walled mitosporangia and
thick walled reddish brown resting sporangia called as meiosporangia.

Both types of sporangia are borne on same thallus.
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4.

10.

11.

12.

13.

14.

15.

16.
17.

18.

Multinucleate tip of ultimate hyphae swells and functions as mitosporangium which
mitozoospores are produced.

Mitospores are uninucleate, diploid, uniflagellate and opisthocont.

Mitozoospores are dispersed through pores present in sporangial wall. These swim for a
while, then come to rest, retract flagella and secrete a wall around the zoospore.

Zoospore is naked (without cell wall) uninucleate with posteriorly located nucleus with a
distinct nucleolus.

Cytoplasm of zoospore lacks ribosomes and endoplasmic recticulum. However, ribosomes
are present in nuclear cap which are released during encystment.

Zoospores contain lipid bodies and a function kinetosome.

The cyst germinates immediately to form basal germ tube, which grows and gets branched to
form rhizoidal system.

Main body of cyst elongates and grows in opposite direction to form a thicker germ tube
which grows branches to give rise to dichotomously branched part of diploid sporothallus.
Initial development of meiosporangia is identical to mitosporangia. However, there is present
an additional thick pitted wall external to original sporangial wall.

Mature meiosporangia undergo resting period of 2-6 weeks hence called as resistant or
resting sporangia.

After resting period meiosporangia germinate with meiotic nuclear division and number of
nuclei increases.

Meioszoospores are uninucleate, uniflagellate, opisthocont, haploid and are smaller than
diploid mitozoospores.

Meiozoospores are released in water through cracks which occur in wall of meiosporangium.
After release they swim for some time, and then become stationary, flagella are retracted and
a wall is secreted around the zoospore.

Germination of meiozoospore is similar to mitozoospore but germination of meiozoospore
produce an alternate haploid plant in life cycle known as gametothallus.

1.3.8-Phytophthora
Aim: To study about morphology and reproductive structure of Phytophthora

Classification
Kingdom:  Mycetae

Division: Mastigomycotina
Subdivision: Diplomastigomycotina
Class: Oomycetes

Order: Peronosporales
Family: Pythiaceae

Genus: Phytophthora
Comment:
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N

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

The mycelium is coenocytic, aseptate, hyaline and profusely branched.

The cell wall consists of glucan unlike others and chitin is absent.

Cytoplasm contains large number of nuclei, mitochondria, endoplasmic reticulum,
ribosomes, vacuoles and many oil globules.

The mycelium is intracellular, and directly Kills the invaded cells However; in some cases it
is intercellular.

Some species of the genus also develop haustoria for absorbtion of food material.

The modes of reproduction in Phytophthora include Vegetative, asexual and rarely by sexual
methods.

In many species of Phytophthora including P. colocasiae and P. parasitica vegetative
reproduction occurs through Chlamydospores.

These Chlamdospores are vegetative reproductive bodies which germinate by giving rise to
3-11 germ tubes and generally develop sporangia at their tips.

Asexual reproduction occurs by sporangia.

Growth of sporangia is favored by low temperature (12-20°C) and high relative humidity.
The sporangiophores arise directly from the internal mycelium and emerge out of the host
singly or in clusters through stomata or by piercing through the epidermal wall.

The sporangia may vary in shape and are deciduous (fall off) and are disseminated by water
or are blown by the wind.

On falling upon a suitable host and under favourable temperature and moisture the sporangia
germinate.

At high temperature (20-30°C), the sporangium germinates directly by a germ tube and
behaves as conidia. The germ tube enters through a stomata and infects the leaf.

However, lower temperature (12°C) and presence of moisture favors indirect germination
which occurs by formation of zoospores.

The protoplasm of the sporangium gets divided into many uninucleate polyhedral pieces
which rounds up and undergoes metamorphosis to form zoospore.

Zoospores are kidney shaped, biflagellate and contain flagella on lateral side.

The zoospores are released by the bursting of the sporangial wall. After their release they
swim for some time after which come to rest and are encysted. Zoospores germinate by a
germ tube.

Sexual reproduction in Phytophthora is oogamous. The fungus is heterothallic, requires two
opposite strains (+ and —) for sexual reproduction to occur.

The male reproductive organ is called antheridia. Antheridium can be amphigynous in which
anthreidium is attached to oogonium as a collar (P. infestans) or it can be Paragynous in
which anthreidium is attached laterally to the oogonium (P. cactorum).

The antheridium arises earlier than the oogonium showing a protandrous condition.

The mature antheridium is funnel shaped and forms a collar like structure at the base of the
mature oogonium. The two nuclei divide mitotically and forms 12 nuclei out of which only
one nuclei survives.
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23. The female reproductive organ is called as oogonia, which is initiated laterally or below the
antheridium on a hypha from other strain. The young oogonium pierces the developing
antheridium.

24. When young, it is multinucleate with dense cytoplasm. When mature it becomes vacuolated
and differentiates into an outer multinucleate periplasm and a central uninucleate ooplasm.

25. The nucleus of the ooplasm divides mitotically and out of the two one survives and functions
as oosphere nucleus

26. A mature oospore consists of an outer thick wall called exospore and an inner thin wall
endospore.

STOMA
LOWER
SPORANGIO- A SURFACE OF
PHORES L LEAF
SPORANGIA
MYCELIUM
SPORANGIUM  NUCLEI &F
VAN
6 s ) ZOOSPORE
N ENCYSTED
C BG O ZOOSPORE
2o &
g ) - 4
GJo NE_G
EMPTY "
SPORANGIUM GERM TUBE
HUSTORIUM /
GERMINATING

SPORAGIUM
Fig. 1.7: A- Sporangiophores coming out of infected leaf, B- Intercellular mycelium with haustoria,
C- Sprangium, D,E-Sporangium germination, F- Biflagellate zoospores, G- Encysted zoospore, H-
germination of encysted zoospore.

1.3.9-Pilobolus

Aim: To study about occurrence and characteristic features of Pilobolus
Classification

Kingdom:  Mycetae

Division: Amastigomycotina
Subdivision: Zygomycotina
Class: Zygomycetes
Order: Mucorales
Family: Pilobolaceae
Genus: Pilobus
Comments:

1. Pilobolus-a coprophilous fungus grows in laboratory only on media containing dung
decoctions.
2. The somatic phase of the fungus is a eucarpic thallus which consists of mycelium.
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10.

The hyphae are coenocytic, aseptate, hyaline branched and remain submerged in the

substratum, feeding on dung.

Asexual reproduction occurs mostly by aplanospores produced within the sporangium.

Some hyphae which are to produce sporangia become upright and come out of the

substratum. Erect sporangiophores develop from the trophocyst. The trophocyst may be

terminal or intercalary in position.

The sporangiophores are phototrophic. Each sporangiophore at maturity consist of

trophocyst, embedded in the substratum, a long straight stalk which is enlarged at its tip to

form a sub-sporangial vesicle capped by a small black columellate sporangium containing

15-30 thousand spores.

Sexual reproduction rarely occurs in Pilobolus and takes place in adverse conditions.

Fusion of two multinucleate similar gametangia of opposite strains leads to the formation of

thick walled Zygospores.

The zygospore undergoes a period of dormancy and rest after which it germinates and forms

a sporangiophore and sporangium.

Meiosis takes place during germination and the spores are haploid. However, the zygospore

can also germinate by the germ tube directly.
Sporangnum

Sub-sporangial
vesicle
Sporangiophore

Pressed sporangimm | l

D \\

o

feor '-
Spnres-&/ y
7 | § A
Trophocyst
Fig. 1.8: A-Sporangiophore of Pilobus bearing sporangium, B- Sporangium releasing spores

1.3.10-Saccharomyces

Aim: To study about morphological characteristics of Saccharomyces
Classification

Kingdom:  Mycetae

Division: Amastigomycotina
Subdivision: Ascomycotina
Class: Ascomycetes
Order: Endomycetales
Family: Saccharomycetaceae
Genus: Saccharomyces
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Comments:
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10.
11.

Saccharomyces commonly called as yeast are unicellular eukaryotes.

Saccharomyces have widespread distribution and are found in all parts of world.

Cells of Saccharomyces are ova or spherical in shape.

Cell wall is primarily made up of chitin.

Electron micrographs reveal cell wall to contain three layers, outermost layer of protein-
mannan and chitin; the middle layer of glucan and the innermost layer of proteinglucan.
Protoplast is differentiated into outer cytoplasm and central nucleus.

Being unicellular organism, thallus is represented by minute cell.

During the process of multiplication by budding cells mar remain attached to one another
forming psedomycelium.

Saccharomyces are non-mycelial fungi which lacks spore formation

Most of the Saccharomyces species possess ability to ferment sugars.

Cytoplasm is granular and contains nucleus, mitochondria, golgi apparatus, endoplasmic
reticulum, ribosome, glycogen bodies, oil globules etc.

8 Mitochondrion

————=— Vacuolar granule

Tonoplast
Fig. 1.9: Cellular structure of Saccharomyces

Aim: To study about different modes of reproduction in Saccharomyces
Comments:

1.
2.

Vegetative reproduction takes place by fission and budding

During favourable condition single cell give rise to two daughter cells of equal size. During
the process of fission, a constriction appears in middle of the cell and simultaneously nucleus
undergoes division. After migration of each nucleus, one at each side, a partition wall is
formed in middle of the mother cell and the cell divides into two cells.

Budding also takes place under favourable condition. In budding, a bud formation occurs at a
point on the surface of mother cell by swelling of a portion of protoplasm.

The nucleus divides and out of two nuclei one remains in mother cell and other goes to newly
formed bud. Bud enlarges and eventually gets separated from the mother cell.
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5. Asexual reproduction occurs during unfavorable condition by formation of thick walled
spore, called as endospore

6. During endospore formation nucleus divides to form four nuclei. The protoplast also divides
into four units, each having one nucleus and hence four endospores are formed.

7. When conditions become favorable, endospore germinates by budding and buds grow
individually.

8. Sexual reproduction also occurs during unfavourable condition by a process called as
conjuagtion. Two vegetative cells (called as ascospores) behave as gametangia. Two such
cells come in close contact and a conjugation tube is formed, the intervening walls between
then cells dissolve.

9. Nuclei of both the gametangia come to the conjugation tube and fuse to form diploid zygote.
The zygote behaves as an ascus. The diploid nucleus of zygote undergoes meiotic division
forming 8 ascospores. The ascospores are liberated by breaking the ascus wall and behave as
individual cell.

Cell wall

*_ m

Nuclear Daughter
Bud division Nuclei

FISSION

BUDDING

Conjugation tube

Zyote

KGO

Fig. 1.10: Different modes of reproduction in Saccharomyces

CONJUGATION

1.3.11-Fusarium

Aim: To study about plant pathogenic fungi Fusarium
Classification

Kingdom:  Mycetae

Division: Amastigomycotina
Subdivision: Deuteromycotina
Class: Deuteromycetes
Order: Moniliales
Family: Tuberculariaceae
Genus: Fusarium
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Comments:

1.

2.
3.
4

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.
23.
24,
25.

Fusarium is a facultative parasite found in soil as saprophyte.
It infects several plant species through roots or other underground parts.
It is known to cause diseases such as stem canker, foot rot, wilt and rot of stored fruits,

. The hyphae are septate and branched, and penetrate the root tissue of the host to reach xylem

vessels and tracheids.

Mycelium is extensive. In extreme cases of infection a white crust of mycelium is observed
over the external surface of the host.

Myecelium often forms compact resting bodies of thick walled hyphae which are known as
sclerotia.

Asexual reproduction in Fusarium occurs through macroconidia, microconidia and
chlamydospores.

Macroconidia are large, multicellular generally 2-4 celled conidia.

The conidia are septate with 3.5 transverse septa.

Each conidium is 15-30p long 3-5u broad.

The conidiophores are short, simple or branched.

The macroconidia are generally found over the host surface.

They are produced at tips of simple or branched conidiophores.

Macroconidia are elongated, sickle shaped or cresent shaped.

Microcondia are small, round or oval in shape.

Microconidia are formed at the tip of hypha; branch.

The microconidia are developed in the vessels of the host plant.

Each conidium is 5-15 p long and 3-4 p broad.

Both macroconidia and microconidia are produced in large numbers and are carried by wind.

When these conidia fall on a new substratum, they tend to germinate and cause new
infection.

Chlamydospores are usually found in chains.

Chlamydospores are round, ova and thick walled

Presence of Chlamydospores is confined to xylem vessels

They separate from parent hyphae when mature and function as resting spores .

Under favorable conditions chlamydospores germinate through germ tube to give rise to
fresh mycelium.
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Fig. 1.11: A-T.S. of infected root with mycelium, microconidia, macroconidia and Chlamydospores,
B- Germinating macroconidia and types of Chlamydospores

1.4 SUMMARY

1. Synchytrium endobioticum is a parasitic on flowering plant and is found to be distributed in
tropical as well as temperate region of world.

2. It is a causative organism of wart disease of potato.

3. It affects different parts except roots.

4. Asexual reproduction occurs through the zoospores.

5. Sexual reproduction occurs through planogamete.

. Mucor has non septate mycelium, rhizoids are absent.

. Sporangia in mucor are without apophysis.

. Taphrina is a parasite on vascular plants.

. Taphrina is a parasite on vascular plants.

10. The genus lacks production of sex organs.

11. Species of genus causes mal formation in lost tissue.

12. Symptoms such as leaf curl pockets, blesters and witches broom are observed in plants infect
with Traphrina.

13. A sexual reproduction occurs by small uninucleate haploid yeast like blastospores.

14. Sexual reproduction occurs through ascospores no fruiting body or ascocarp is formed.
15. Species of Puccina are also known as rust.

16. All species of Puccinia are obligate parasite.

17. Mycelium is well developed branched and septate.

18. Mycelium called dikaryotic.

19. Different types of spores such as used uredospores, telutospores, aecidospores are formed.
20. Most of the species of genus Ustiligo are parasites on vascular plants.

21. Some species are parasites on cereals.

22. Smut caused by Ustiligo genus are classified as loose smut or covered smut.

23. Mycelium is well developed, branched and septate. It can be monokaryotic or dikaryotic.
24. Hyphae of allomyces are multinucleate coenocytic.

6
-
8
9
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25. Vegetative thalli are of two types of sporangia.

26. Sexual reproduction occurs by planogametes copulation.

27. Sporothallus produces two types of sporangia mito sporangia and micro sporangia.

28. Mitozoospore is uninucleate, diploid and uniflagellate.

29. Mesozoospore is uninucleate, haploid and uniflagellate. They are smaller than mitozoospore.
30. Some Species of genus Phytophthora are saparophytes but most live or parasite on flowering
plants.

31. Genus Phytophthora is known to cause serious plant disease called as late blight of potato.
32. Mycelium is endophytic, branched aseptate, coenocytic and modulated.

33. A sexual reproduction occurs by biflagellate zoospore.

34. Sexual reproduction is oogamous.

35. Pilobolus is a coprophilous genus.

36. Mycelium is branched, coenocytic with oil and glycogen granules.

37. Saccharomyces are unicellular eukaryotes and commonly known as yeast.

38. Asexual reproduction occurs by budding or fission.

39. Sexual reproduction by conjugation.

40. Fusarium is facultative parasite found in soil as saprophyte.

41. It infects host through roots or underground parts.

42. Mycelium is made up of profusely branched hyaline hyphae.

43. Fusarium reproduces only asexually by means of macroconida and microconidia.

1.5 GLOSSARY

Chlymadospore: A thick-walled hyphal cell which functions like a spore.

Kinetosome: A basal body (synonymous with basal granule, kinetosome, and in older
cytological literature with blepharoplast) is a protein structure found at the base of a eukaryotic
undulipodium (cilium or flagellum)

Perennation: Perennation is the ability of organisms, particularly plants, to survive from one
germinating season to another,

Planogametic copulation: Planogametic copulation involves the fusion of two naked gametes
one or both of which are motile

Plasmogamy: Plasmogamy is a stage in the sexual reproduction of fungi, in which the
cytoplasm of two parent cells (usually from the mycelia) fuses together without the fusion of
nuclei, effectively bringing two haploid nuclei close together in the same cell.

Pseudohyphae: Pseudohyphae are distinguished from true hyphae by their method of growth,
relative frailty and lack of cytoplasmic connection between the cells.

Rust: Rusts are plant diseases caused by pathogenic fungi

Sclerotia: A sclerotium plural sclerotia is a compact mass of hardened fungal mycelium
containing food reserves.

Sporothallus: Thallus producing spores, usually restricted to asexual spores.
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Teleutospore: Teliospore (sometimes called teleutospore) is the thick-walled resting spore of
some fungi (rusts and smuts), from which the basidium arises

Uredeospore: Uredeospore a thin-walled, red, summer spore of a rust fungus, produced usually
on the leaves or stems of grasses and capable of reinfecting other grasses of the same species.

1.6 SELF ASSESSMENT QUESTION

1.6.1 Multiple Choice Questions:
1. Uredospores in Puccinia are

(a) Multinucleate, stalked and round (b) Binucleate, stalked and round

(c) Binucleate, unstalked and round (d) Multinucleate, unstalked and round
2. Phytophthora

(a) Eucarpic inter or intracellular parasite (b) Eucarpic interparasite

(c) Eucarpic intraparasite (d) Monocarpic intraparasite

3. Which of the following statement about Phytophthora is not true?
(a) Biflagellate zoospores emerge through papilla

(b) Asexual reproduction occurs via sporangia or conidia

(c) Anthridium is uninucleate

(d) Sexual reproduction is of oogamous type

4. Species of Ustilago

(a) are parasites in nature but many species grows saprophytes
(b) are saprophytes in nature but many species grows as parasites
(c) are parasites only

(d) are saprophytes only

5. Which of the following statement about Sacchromyces is not true?
(a) Sacchromyces are multicelluar eukaryotes

(b) Asexual reproduction occurs by budding or fission

(c) Cell wall consists of chitin

(d) Sexual reproduction occurs through conjugation

6. Mycelium of Taphrina

(a) is intercellular and consist of septate hyphae of binucleate cells

(b) is intercellular and consist of septate hyphae of uninucleate cells
(c) is intercellular and consist of non septate hyphae of binucleate cells
(d) is intercellular and consist of septate hyphae of multinucleate cells
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7. Puccinia causes
(a) Smuts (b) Rusts
(c) Bothaand b (d) None of the above

8. Which of the following is not a characteristic feature of Agaricus
(a) Presence of Spawns (b) Presence of fleshy stalk
(c) Multinucleate and diploid basidiospores (d) Presence of gills

9. Only asexual mode of Reproduction is found in
(a) Puccinia (b) Saccharomyces
(c) Phytophthora (d) Fusarium

9. Association between fungi and roots of vascular plant is known as
(a) Lichens (b) Mycorrizae
(c) Antagonistism (d) Commensalism

1.6.2 State whether following statements are true or false:

. Species of genus Taphrina are parasites.

. Sexual reproduction in yeast occurs by budding.

. Teleutospores are unstalked, dark brown and double celled.

. Well defined sex organs are produced in Taphrina for sexual reproduction.

. Fusarium reproduces only asexually.

. Glycogen granules are found to be scattered in cytoplasm of Saccharomyces.
. Fusarium is obligate parasite.

. Microconidia are developed over the host surface.

. Chlamydospores in Fusarium are generally found in chains.

. Phytophthora are parasites on higher plants.

. Anthridium in Phytophthora may be paragynous or amphigynous.

. Synchytrium endobioticum causes wart disease of potato.

. Damping off of Brinjal is caused by Phytophthora.

. Multiflagellate zoospores are formed during asexual reproduction in Phytophthora.
. Synchytrium endobioticum belongs to class oomycetes.

. Anthridium in Phytophthora is multinucleate.

. Species of Puccinia are also known as rust.

. Ustilago belongs to class chytridiomycetes.

. Basidiospores in Agaricus are multinucleate.
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1.6.3 Fill up the following blanks:
1. Mycelium of Taphrina grows inside walls of cells of host.
2. Saccharomyces are commonly called as

UTTARAKHAND OPEN UNIVERSITY Page 30



LABORATORY PRACTICAL-I MSCBOT-505

3. Sexual reproduction in Saccharomyces occurs by
4. Puccinia species are known to cause disease called as

5. Fusarium possesses types of conidia.

6. Zygote of Saccharomyces divides meiotically to form ascopores.
7. Agaricus are commonly called as
8. Sexual reproduction in Phytophthora is
9. causes wart disease of potato.

10. Thallus of Synchytrium endobioticum is and
11. In Phytophthora male and female nuclei fuse to form

12. Ustaligo belongs to class
13. reproduction in Phytophthora occurs through sporangia.
14. All species of are obligate parasites.

15. Basidiospores germinate to form

1.6.4 Very short answer type questions:

Name the disease caused by Phytophthora?

To which class and family does Phytophthora belongs?
What do you understand by the term rust?

Why mycelium of Puccinia is called dikaryotic?
Define basidiocarp?

What type of uredospores are produced in Puccinia?
Mention the food reserves found in Taphrina?

Name different type of spores found in life history of Puccinia?
. Define microconidia?

10. What are spawns?

11. Define dikaryotization?

©ooN R wWNE

1.6.1 Answer Key: 1-b, 2-a, 3-c, 4-a, 5-a, 6-a, 7-b, 8-c, 9-d, 10- b

1.6.2 Answers Key: 1-True, 2-True, 3-False, 4-False, 5-True, 6-True, 7-False, 8-False, 9-
True, 10-True, 11-True, 12-True, 13-True, 14-True, 15-False, 16-False, 17-True, 18-True, 19-
False

1.6.3 Answers Key: 1-Epidermal, 2-Yeast, 3- Conjugation, 4-Rust, 5-Two, 6-Eight, 7-
Mushroom, 8- Oogamous, 9- Synchytrium endobioticum, 10-Unicllualr and non-filamentous, 11-
Oospore, 12- Teliomycetes, 13- Asexual, 14- Ustilago, 15-Mycelium.

1.7 REFERENCES

e B. P Pandey. Modern practical Botany volume -1. S. Chand and company pvt. Ltd. New
Delhi.

UTTARAKHAND OPEN UNIVERSITY Page 31



LABORATORY PRACTICAL-I MSCBOT-505

e Bendre and Kumar. A textbook of practical Botany. Rastogi publication. Meerut. India.

1.8 SUGGESTED READINGS

e V.K Gupta, Y.S Paul and Satish K Sharma. Fungi and plant diseases. Kalyani publications.
e B.R Vashishtaand A.K Sinha. Botany Fungi . S. Chand and company pvt. Ltd. New Delhi.

1.9 TERMINAL QUESTIONS

1.9.1 Short answer type question

1. With the help of well labeled diagram describe about the structure of Saccharomyces?
2. Describe about reproductive structure of Taphrina?

3. Differentiate between Uredospores and Teleutospores?

4. Enlist different characteristic features of Ustilago?

5. How does macroconidia differ from microconidia?

6. Describe about vegetative structure of Fusarium?

7. Explain about the structure of Basidiocarp of Agaricus?

8. Write down taxonomic position of Agaricus, Puccinia and Phytophthora?

1.9.2 Long answer type question

Describe about identifying features of Taphrina?

Describe about structure and reproduction of Saccharomyces?

Explain about different types of spores formed in life history of Puccinia?
Mention the characteristic features of reproductive bodies of Fusarium?
How does reproduction take place in Phytophthora?

Describe in detail about asexual and sexual reproduction in Allomyces?

ok wbdpE
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UNIT-2 SYMPTOMOLOGY OF
SPECIMENS

SOME DISEASED

2.1-Objectives
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2.3-Symptomology of some diseased specimens
2.4-Summary

2.5-Glossary

2.6-Self Assessment Question

2.7-References
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2.9-Terminal Questions
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2.1 OBJECTIVES

After reading this unit students will be able-
e To study about various plant diseases caused by different pathogenic fungi
e To identify infected plant specimen based upon occurrence of specific symptoms
e To know about possible control methods of different plant diseases
e To study disease cycle of some of the fungi pathogen

2.2 INTRODUCTION

Large number of bacteria, viruses and fungi are known to infect different plant species and cause
diseases. Among these fungi, are the most common pathogens which infect plants. Branch of
science dealing with the study of the pathogens, disease caused by them, symptoms and control
measures, infection cycle of the pathogens is known as plant pathology or phytopathology. Each
disease is characterized by occurrence or appearance of particular type of symptoms in the
infected plant which are specific to a disease. A symptom refers to a visible change in a host
plant due to pathogen activity. Such symptoms are utilized to identify which type of fungi or
pathogen has infected the plant. The first step of plant disease diagnosis is close observation of
symptoms and signs present on infected plant as they are indications of interaction between the
pathogen and the plant. These can be vegetative structures such as mycelium of a fungus,
reproductive structures such as the spores or spore-bearing structures, etc. Symptoms can include
a direct effect of pathogen activity, such as decay of plant parts by degradative action of
extracellular enzyme released by fungi, or it can be an indirect result which include nutrient
deficiency symptoms resulting from roots that are unable to absorb nutrients. Symptoms not only
indicate presence of a disease, but also provide information about the type of pathogen which
might have infected the plant. In some instances, the occurrence of a particular combination of
symptoms is sufficient to arrive at a tentative diagnosis. However, there are symptoms which are
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common to wide variety of diseases, hence detailed microbiological, biochemical and molecular

diagnostic methods based assays have gained importance for identification of diseases.

Some of the commonly observed symptoms in diseased plant include:

(a) Mildews: Mildews are a group of fungal diseases in which superficial growth of fungi can be
observed on the surface of host i.e., on leaves, stem, fruits, etc. Mildews are of two types
downy mildews (internal obligate parasite) and powdery mildews (external parasites).

(b) Smuts: Smuts are fungal diseases of cereals and grass family. In this type of disease ears turn
black or sooty. Symptoms of the disease are also observed on leaves, stem and roots.

(c) Sclerotia: Sclerotia represents a compact mass of hardened fungal mycelium containing food
reserves

(d) White blisters: These are shining white blisters like pustules found on leaves of plant. White
blisters are commonly observed on cruciferous plants due to infection of Albugo candida.

(e) Necrosis: Necrosis refers of death or killing of host tissues due to attack of pathogen. When
necrosis is restricted in extent and is confined to a small area it is called as local necrosis. As
a result of this localized disease spots on host plant are obtained, these are called as Lesions.
Local necrosis also results in open wounds which are often sunken in stem and are
surrounded by living tissue, these are called as cankers. Blight is a condition when diseased
part of plant undergoes discoloration and ultimately dies, the dead part turns dark brown to
black in colour.

(f) Hypoplasia : Hypoplasia is the failure of plants or plant organs to develop fully due to attack
of a pathogen resulting in either stunted growth or dwarf plant

(9) Hypertrophy: It is enlargement or excessive growth of a plant tissue due to attack of a
pathogen.

2.3 SYMPTOMOLOGY OF SOME DISEASED SPECIMENS

1. Wart Disease of Potato

Aim: To study about occurrence and symptoms and control measures of Wart disease of
potato

Wart disease of potato is also known as Black wart of potato is caused by Synchytrium
endobioticum. The disease was first described in 1895 from Hungary. After which the disease
has been reported from different regions of Europe, North America, mountainous areas of South
America and South Africa. In India, Wart disease of potato was first reported by Ganguly and
Paul (1953) from Darjeeling.

Effect of Wart Disease

The damage caused by the disease is frequently high since the potato tubers get de- shaped,
become tasteless loosing flavor and therefore unfit for human consumption. Young tubers get
deformed due to infection and have to be thrown away.
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Symptoms of Wart Disease

1. Symptoms of wart disease are observed only on underground parts of plant (Fig.2.1)
including tubers, buds of stems, and stolons except roots.

2. Infected parts exhibit warty and tuberous outgrowths which are cauliflower like in
appearance.

3. These warty outgrowths show variation in size. They may range from small protuberances to
large intricately branched systems.

4. Galls vary in shape but are mostly spherical, with corrugated surfaces.

5. In early growing season these warts are green or greenish-white in colour (if exposed to
light) but they are cream or black coloured on underground parts.

6. Generally the warts are larger than the size of tuber, covering the whole tuber. In advanced
stages, the warts become dark black in colour and are susceptible to attack of saprophytic
fungi.

7. The wart usually consists of distorted proliferated branched structures grown together into a
mass of hypertrophied tissue

8. Aerial symptoms are not usually apparent. There may, however, be a reduction in vigour.
Warts can be found in severe attacks on the upper stem, leaf and flower. Leaf stalks may
develop hypertrophic ‘wings'. Above-ground galls are green to brown, turning black at
maturity, and later decaying.

Cauliflower like
warty outgrowth

Fig. 2.1: Wart disease of potato
Control measures
(i) Prevention of entry of diseased material into healthy regions.
(i) The diseased potato tubers should be discarded.
(iii) Soil treatment may control the disease to a large extent. These include steam sterilisation and
application of mercuric chloride—copper sulphate and formalin.
(iv) Cultivation of disease resistant varieties.

Aim: To study disease cycle of Synchytrium endobioticum

Comments:

1. The primary infection of young potato crops growing in the field begins through the
germination of resting spores which are present in the soil.
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w

Resting spores germinate to form Zoospores.

Zoospores swimming for short interval and then get attached to underground shoot parts.
Flagella are withdrawn and zoospores enter the host cells and settle down at the bottom of
the host cells.

Each of the neighboring cells start dividing repeatedly followed by swelling, ultimately
resulting in the formation of wart.

These warts represent main symptom of disease and also contain the material for secondary
infection.

The sporangia present in warts produce zoospores which are responsible for secondary
infection.

Under favorable environmental conditions, rapid formation of zoospores occurs and
secondary infection takes place.

| l Towards en} of crop season

INFECTION OF Secondary or in unfavourable
HOST conditions zoospores
4 functionas planogametes

|

Zoospores invade host cells Fusion of planogametes occurs
through root hairs I'

infection

Zygote formation
Zoospores gets released into

soil due t'(fdecay of host Penetration of host
Germination of Production of
resting sporangia resting sporangia

Active Phase (Growth phase)

Dormant Phase (Perennation)

Resting sporangia either remain in soil or in
infected plant debris

Fig.2.2: Disease cycle of wart disease of potato

2-Damping Off
Aim: To study about occurrence and control measures of damping off
Comments:

1.

Damping off is caused by Phythium. Phythium is a saprophyte but also grows as facultative
parasite.

In damping-off seedlings are attacked by fungi just at the hypocotyl or upper taproot which
results in partial or complete rot and the seedlings suddenly topples.

UTTARAKHAND OPEN UNIVERSITY Page 37



LABORATORY PRACTICAL-I MSCBOT-505

3. Damping-off occurs in two stages, Pre-Emergence Stage in which young seedlings are
killed before they reach the surface of the soil when the hypocotyl has just emerged and
Post-Emergence Stage in which seedlings are out on the surface of the soil and on being
infected by the pathogen they topple over and lie on the surface of the soil.

4. Damping-off disease was first of all studied in Germany by Hesse in 1874 and De Bary in
1881.

5. The thallus of the pathogen consists of freely branched coenocytic hyphae.

6. Fungus reproduces asexually by zoospores which are produced at the tip of hyphae.

7. Sexual reproduction is of oogamous type.

Symptoms of Damping-Off of Seedlings

1. The characteristic symptom of damping off includes sudden toppling over of the seedlings.

2. The fungus attacks the seedlings at or near the surface of the ground.

3. The cell wall of the rapidly growing seedlings is generally thin, and as such the tissue is
particularly vulnerable.

Fig. 2.3: Seedling showing damping off disease. A- Normal seed B, C- Diseased seedling

Control measures of Damping-Off of Seedlings

(i) Seed Bed Soil Preparation: The seed bed soil should be light, having good proportion of
sand. An alkaline reaction in the soil favours the growth of the hence effort should be made to
reduce alkaline reaction of the soil. Manure used in the seed bed should be well decomposed.

(ii) Soil Treatment: The most perfect control of damping-off is by soil treatment. Steam, dry
heat, and chemicals can be utilized for sterilization of soil. Sterilization by dry heat is usually
accomplished by burning wood upon sped bed soil. Seed bed soil can be sterilized by using
formaldehyde diluted in the proportion of 1 part to 50 parts of water to be sprinkled over the
loose soil in sufficient amount to soak it to a depth of at least 4 inches, which will mean one
gallon for 2-3 square feet of soil.

(ii1) Seed Treatment: Seeds can be treated with specific chemicals known as seed protectants
which prevent pre-emergence damping-off. The chemicals are applied to seeds in dry or in wet
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form which produces a protective layer around the seed coat which helps in uninterrupted growth
of seedlings. Arasan, Captan, Blitox-50, Copper sulphate, Mercuric chloride, and Semesan are
some of the chemicals utilized for the purpose.

(iv) Manipulation of Watering System: Water logging should be avoided and light irrigation
should be provided at frequent intervals. Availability of thin layer of sand over the soil surface
helps in keeping the surface of the seed bed soil dry.

(v) Improved Cultural Practices: Overcrowding of seedlings in the seed bed should be
avoided. To avoid water stagnation, seed bed soil should have proper drainage facilities and soil
should be properly aerated.

3-Green Ear Disease of Bajra

Aim: To study about occurrence and symptoms of green ear disease of bajra

The green ear disease of Bajra is caused by Sclerospora graminicola. The disease has been
reported from several countries such as India, Iran, Israel, China, Fiji, Japan and the other
countries as well where Bajra crop is cultivated. In India, the disease was first reported and
studied by Butler (1907) who considered the disease to be sporadic in nature not causing much
damage to the crop. Mitter and Tandon (1930) reported the same disease from Allahabad region
Uttar Pradesh and also confirmed the observations of Butler (1907). Presently, the disease has
been reported from all the states wherever Bajra is grown as a crop of ‘Kharif* season.

Symptoms of Green Ear Disease

1. There are two stages of the symptoms of green ear disease.

(a) The downy mildew stage which is prominent on the leaves
(b) The green ear stage which affects the inflorescence (ears).

2. The green ear stage is more prominent than downy mildew stage. This is because strain of
the pathogen occurring in India has been reported to produce more oospores than sporangia.

3. The growth of plants affected is checked and the plants appear stunted and sick, pale yellow
in colour. This symptom can be observed even in young plants.

4. Upper surface of leaves exhibit (shows) chlorosis and lower surface shows downy growth of
fungus.

5. Later on chlorotic areas of leaves become brown and in advanced stages shredding of the
leaves also occurs.

6. Bajra plants are unbranched, but infection with S. graminicola causes development of lateral
shoots by stimulation of nodal buds. Development of lateral shoots is an abnormal character.

7. Beside this normal green colour of leaves changes either completely or partly, to whitish or
brown colour. Whitening of the younger leaves is prominent along the streaks.

8. Inolder leaves, the colour changes to brown. In older plants, this is observed especially in the
leaves from the axil of which inflorescence develops. The change of the colour of leaves is
associated with twisting, folding and shredding towards the tip.

9. A large number of leaf buds develop into a large mass of either white or twisted brown
leaves. The axil of these buds produce green leafy human ear like structures.
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10. The disease becomes prominent when the inflorescence gets converted into green leafy ears,

I.e, floral parts are transformed into leafy (twisted) structures.

11. Formation of different types of green ears can occur.

(1) Transformation of entire ear (inflorescence) into green leafy mass.

(if) Conversion of lower part of the inflorescence to green leafy mass but the upper part of
inflorescence bears seeds.

(iif) Complete suppression of development of inflorescence and formation of small bunch of
leafy structures.

Fig.2.4: Green ear disease of Bajra

Aim: To study about disease cycle

Comments:

1. The primary infection occurs through oospores present in soil or through mycelium present
in the seed produced on diseased ears.

2. Under favourable conditions, these oospores germinate, enter the young seedlings of and
cause primary infection.

3. Sowing of seeds containing mycelium also causes primary infection.

4. Disease spreads systemically as the seedlings grows into mature plants.

5. During initial stages, symptoms are observed on leaves in form of downy growth of the
fungus on the lower surface of leaves. Later on characteristics green ears appear on the
diseased plants.

6. The secondary infection occurs through sporangiophores and sporangia produced through of
primary infection.

7. Sporangia are disseminated by wind, water and insects, land on the susceptible parts of the
host, and germinate producing zoopores.

8. These zoospores germinate by germ tube and cause secondary infection.

9. During the end of the growing season, the pathogen produces oospores through sexual

reproduction which serve as resting spores.
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10. These resting spores help keeping the pathogen to survive unfavourable conditions.
11. During harvesting of the crop, the oospores along with plant debris are left in the soil which
becomes active when favorable conditions are achieved.

4- Late Blight of Potato

Aim: To study about occurrence and symptoms and control measures of Late blight of
potato

Late blight of potato is caused by Phytophthora infestans (Mont.) De Bary. The disease is found
all over the world wherever potato is cultivated. In India potato is mainly cultivated in winter.
The late blight epidemics are thus rare in the plains in India because in the summer season
(before winter) fungus in the soil is destroyed due to drought and high temperature. The disease
occurs annually in the cooler Himalayan regions extending from Assam to Kashmir at an altitude
of 6,000 ft. or more as the crop is grown in the rainy season. The disease is destructive to the
crop grown in the rainy season. Beside Himalayan region disease also occurs annually in regions
of Punjab, Uttar Pradesh, Bihar, and W. Bengal.

The disease is known to cause severe damage to potato.

(a) Damage caused to the foliage shortens the growing season.

(b) Short growing season consequently results in small tubers with reduced weight.

(c) Also tubers are produced in smaller numbers which reduces yield.

(d) In severe cases of infection complete loss of the crop may also occur.

(e) Infection also causes decay of tubers in the field and as well as during storage.

Symptoms of Late Blight

1. The disease first appears on top of the plants generally after the blossoming period but
mostly in the month of January. The disease may appear however at any time during the
growth of the plant. The occurrence of disease is dependent upon availability of conditioning
factor (low temperature and high humidity) which acts as favorable environment for growth
of pathogen.

2. The disease is marked by presence of small, dead, brownish to purple black areas or lesions.

3. Such lesions are found on tips and margins of the leaflets, rachis, petiole and also stem.
Under favorable conditions the lesions rapidly increase in size involving the whole surface of
the leaf.

4. The lesions initially appear on the leaves and petioles present near the ground, later on
lesions then spreads upwards.

5. In final stages rapid and general blighting of foliage is observed. The blighted leaves curl and
shrivel in dry weather.

6. A characteristic offensive odour is obtained due to decay of leaves under moist conditions.

7. Growth of fungus can be observed on lower surface of leaves (especially on dew mornings)
in form of whitish powdery bloom. It is known to contain sporangiophores and sporangia
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coming out through the stomata. These sporangia act as a means of disease spread during
growing season.

Potato tubers are also infected after the top portion of plant have been blighted. There occurs
brownish discoloration of the skin on infected parts of the tubers which lie near to the soil
surface.

Such dry rot spots on potato tuber remain firm and extend to about half an inch below the
surface.

INFECTED LEAVES

Fig. 2.5: Late blight of Potato

Control Measures of Late Blight
Several methods can be adopted for of control of the disease which includes:

1.

The seeds selected for plantation should be free from infection. This requires strict and
careful seed tuber inspection at the cutting time and is helpful in elimination of direct
infection.

Storage of potato tubers should be done in cold storage rooms to reduce development of
disease.

Cultivation of approved disease resistant varieties is an effective method of prevention of
disease.

Different fungicides can be utilized for further control of fungus. The fungicides may be
applied either through spaying and dusting. Repeated spraying of fungicides such as
Perenox, Blitox-50 and Fytolan. Dithane Z-78, and Dithane M-22 is considered to be
extremely effective method of disease control. Dusting the foliage with copper-lime dust is
also considered effective control measure. Dusting is preferably done in the morning when
the plants are wet with dew.

Disease can also be checked through sanitation which includes destruction and proper
disposal of potato tuber refuge from pits and store houses.

Tuber treatment before storage tubers can be dipped with 1: 1000 mercuric chloride solution
for about 90 minutes. Such tubers should be thoroughly washed before use.

In cool humid areas destruction of foliage a few days before harvesting also proves
beneficial.
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5-Loose Smut of Wheat

Aim: To study about occurrence and symptoms and control measures of Loose smut of
wheat

Loose Smut of wheat is caused by Ustilago tritici (Pers.) Rostr. It is a very common and found in
regions of Punjab, Uttar Pradesh and certain districts of Madhya Pradesh. The disease causes
significant amount of damage to wheat crops.

Symptoms of Loose Smut Disease

1. Emergence of smutted ears occurs from the boot leaves a little earlier than the healthy ones.
They bear loose, powdery black masses of smut spores instead of flowers.

2. Ovaries and other floral parts (except the awns and rachics) gets converted into masses of
smut spores.

3. In the young spikelets before emergence each ovary has become a spore sac which bears
millions of spores. The spores of each spikelet are covered by a thin greyish or silvery
membrane. By the time the ear emerges from the boot leaf the membrane ruptures to expose
the black powdery mass of spores.

4. The ear is generally completely destroyed except the awns and the rachis. When the wind
blows the spores are blown off leaving behind the bare rachis and central axis.

5. However, all spores may not be blown by the wind, few spores may remain attached.

Also all the ears of wheat plant may not be smutted. It means that some may be healthy and

the others diseased.

o

Control Measures of Loose Smut Disease

External application of chemicals is ineffective as mycelium of the parasite is present inside the
grain. Most of the chemicals do not reach the fungi at first attempt and which may also cause
damage to the embryo. Because the mycelium in the grain is present in dormant state therefore
all the methods utilized for treatment initially make the dormant mycelium active.

(2) Hot Water Treatment: Hot water treatment includes soaking of wheat grains in water
having a temperature of 26°C-30°C for about 4-5 hours. As a result grains are softened and
dormant mycelium becomes active. This is followed by raising temperature of water to 54°C and
maintaining the temperature for about 10 minutes. Activated mycelium is Killed at this
temperature. The success of the process lies in maintaining the temperature as low temperature
will fail to kill the mycelium and a high temperature will kill the embryo. After the treatment the
water is drained off, grains are dried and sown.

(b) Sun Heating: This method is utilized in regions of Punjab and U.P. In these regions
temperature is very high in month of May and June. The grains are soaked in water in flat and
shallow basins with water level about two inches above the level of grain. The basins are placed
in the direct rays of the summer sun for about 4 to 6 hours. This activates dormant fungus. The
water is drained off. The softened grains are spread on floor in the midday sun to dry. This Kills
the activated mycelium.

UTTARAKHAND OPEN UNIVERSITY Page 43



LABORATORY PRACTICAL-I MSCBOT-505

(c) Cultivation of disease resistant varieties is always considered to be an effective method of
disease control. Np 710, Np 120, and Pb 90 are some of the disease resistant varieties of wheat.
(d) The wheat plants with infected ears, which emerge out of the boot leaves earlier than the
healthy ones, may be uprooted at once and burnt. This practice is called rogueing.

(e) The grains for sowing purposes should be thrashed from uninfected wheat ears.

(f) Utilization of systemic fungicides is also useful to check the disease. Fungicides D735
(Vitavax) and F 461 (Plantavax), Benomyl and Carboxin are utilized to control loose smut of
wheat.

6-Rust of Linseed

Aim: To study about occurrence and symptoms and control measures of rust of linseed
Rust of linseed caused by Melampsora lini is a well known disease of flax. In India flax
comprises a major oilseed crop generally cultivated during October-April. The disease mainly
appears in February or later, however Butler (1918) reported occurrence of the disease in early
November.

Effect on crop

The disease is known to appear in epidemic form. Once the crop in the field gets infected, the
disease spreads at a very fast rate in the neighboring field in the locality. Severe damage to the
crop is caused. Infected plants are defoliated which reduces starch formation. Pathogen utilizes
stored food reserves of host plant which decreases yield of seeds and Oil content of the content.

Symptoms of the Rust of Linseed

1. Initial symptoms pustules are observed on leaves and gradually all aerial parts of the plant
get infected.

2. Orange coloured large pustules appear on the leaves. Small pustules are initially surrounded
by chlorotic areas.

3. Little necrosis of the leaves is at first observed but it grows, becomes more general and
leading to premature death of leaves.

Uredial Pustules

Telial Pustules

Fig.2.6: Diseased linseed plant
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4. Pustules on the leaves are uredopustules containing uredospores.

Such uredopustules are also observed on stems.

6. Uredopustules present on leaves are round and small, those on stems are elongated and
irregular.

o

Control Measures of the Rust of Linseed

(1) Cultivation of disease resistant varieties is effective means to control the disease.
(ii) Seed can be treated with chemicals to kill the teleutospores.

(iif) Avoidance of excessive utilization of nitrogenous manures.

Aim: To study about disease cycle

Comments

1. Intemperate countries, primary infection takes place through basidiospores.

2. Basidiospores are produced by germination of teleutospores perennating in the soil.

3. Intropical countries, the teleutospores, produced at the end of growing season i.e., loose their
viability because of high temperature in summers. Uredospores too are killed due to
excessive temperature.

5| HOST INFECTION
—>| (Symptoms appear)

et Germtube
1‘ Secondary

f‘ infection

Germination

() v
Uredospores fall / Teleutospores

reaches host — Germination produced during

T end of growing
season
Translocation of '
uredospores by wind Primary l
infection

from hills to plains
A g Spores fall on ground no

perennation occurs

Dormant Phase (Perennation)

—[ Uredospores produced on Linseed at hills }

Fig. 2.7: Disease cycle of Rust of Linseed
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4. Uredospores produced on linseed at hills are carried down by wind to plains where they
cause infection.

5. This spread of Uredospores from hills to plains take some time, hence the outbreak of the
disease in plains occurs only after 2-3months of the sowing the crop.

6. Uredospores produced from primary infection cause secondary infection.

7. Secondary infection is caused within a short time as uredeospores take very less time to
germinate.

7- Red rot of Sugarcane

Aim: To study about occurrence and symptoms and control measures of red rot of
sugarcane

Red rot of sugarcane is caused by Colletotrichum falcatum Went, the perfect stage of which is
Glomerella tucumanensis (Speg.) Arx and Muller. It is one of the most severe diseases of
sugarcane and found in all the countries wherever sugarcane is cultivated. It was first of all
described from Java by Went in 1893.

Symptoms of Red Rot of Sugarcane

1. The first external symptoms of disease include drooping, withering and finally yellowing of
the upper leaves.

2. This drooping and withering is followed by wilting of the entire crown, and finally the entire
plant shows indications of disease and dies.

3. If the infection is not severe, the eyes frequently die and the dead areas extend out from the
nodes.

4. Infection in the stem being internal, the presence of the disease is not visible externally.
Upon splitting the infected cane during the early stages of the disease, one can see fibro-
vascular bundles near the base are reddish in colour.

5. The protoplasm changes colour and a gummy dark-red material oozes out of the cells which
fills the intercellular spaces. The soluble pigment present in this ooze, is absorbed by the cell
wall which produces the characteristic red rot appearance.

6. However, the mere presence of red colour in the fibro-vascular bundles is not necessarily an
indication of this disease, since the colour can also occur due to other reasons as well.

7. With increase in disease the red colour spreads to neighbouring tissues resulting in formation
of irregular discoloured blotches.

8. The natural bright colour of the rind disappears and turns dull when the stems are completely
rotted. The stem shrinks at the nodes Split cane gives sour smell and shows red tissue with
white cross-bands.

9. Diseased tissues with a microscope will reveal more or less mycelial threads of the fungus, or
if the diseased canes are split and put in a moist chamber the fungus will develop readily and
be easily recognized.
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Control of Red Rot of Sugarcane

Red rot of sugarcane is hard to control because the stalk from which seeds are prepared has been
largely affected from the time of planting, and fungicides cannot reach the infected tissues inside
a diseased seed set.

1.

Plantation of carefully selected red rot-free seed sets. Seed should always be taken from
disease-free nurseries examined regularly by the cane protection staff.

Timely rogueing and destruction of infected plants also helps in controlling and checking red
rot of sugarcane.

Hot water treatment (50°C, for two hours) of seeds can also be utilized for controlling red rot
of seed.

Utilization of fungicides such as Arasan (0.25 per cent.) is also utilized for disease control.
Cultivation of resistant varieties Co. 975, 1148, 1336 and 6611; Co. S 561, 574 is strongly
recommended.

Practice of crop rotation reduces the chances of epidemic.

Aim: To study about disease cycle
Comments:

1.

The sources of primary inoculum are the old fragmented stalks and leaves and other rubbish
on which the fungus grows saprophytically; and unknowingly planted diseased stock during
cultivation.

Ratoon crops are also source of infection.

The conidia that are produced in the acervuli developed along the midribs of the diseased
leaves during primary infection form the secondary inoculum. They are disseminated by
wind, rain splashes, irrigation water and also by insects.

Conidia serve as secondary means of infection.

The conidia germinate readily by germ tube which on coming in contact with any hard
surface, e.g., soil particles or plant parts, forms appressorium from-which infection hypha is
produced.

However conidia are short lived and serve no role in perennation. Chlamydospores (thick
walled) are the means of survival.

The pathogen may gain entrance through the nodes at the leaf scars, through any kind of
wound, through root primordia and seed-cuttings.
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HOST INFECTION

growth with the >
grwoth of canes / (Symptoms appear)
1 Germ tube l,
Secondary Mycelium
Invasion into canes infection
at seedling stage L
A Germination
T_ Conidia
Dormant mycelium T
Germ tube gets activated
4 .lem: Yy Ratoons
Disease sets in Infection Chlamydospores
- advertently sown
Germination A
A
Active Phase (Growth phase)
Dormant Phase (Perennation)
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Fig.2.8: Disease cycle of Red Rot of Sugarcane

8-Downy Mildew of Pea

Aim: To study about symptoms and control measures of downy mildew of pea.

Downy mildew of pea is common disease of Pea caused by Peronospora pisi. Occurrence of
disease is favored by wet and cool conditions.

Symptoms of Downy Mildew of Pea:

1.

Appearance of yellow to brown scattered patches of discoloured areas on upper surface of
leaflets and stipules.

Formation of downy growth in patches of variable size on the under surface corresponding
with the lesions on upper surface.

When young downy coating is whitish, with growth the colour gradually changes to greyish-
violet.

Sporangia are borne at the tips of the ultimate branches. The infected leaflets and stipules
become reduced in size with their margins curled downwards.

The infected areas gradually develop into elongated blotches, and often to irregular spots.
With the spread of infection, blotches also appear on the pods. At young stage, the blotches
are pale-green, more or less elliptical to irregular, but later on blotches turn dark to bright-
brown, mottled with light-green islands. Blotch followed by the green island effect is a
typical symptom of the disease.
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7. Seeds lying corresponding to the infected tissues of the pods abort and become very much
reduced in size.

Control of Downy Mildew of Pea

1. The fungal organism survives from season to season with the help of oospores present in the
plant debris; the destruction of plant debris checks the occurrence of disease.

2. Crop rotation is another very effective control measure.

Spraying and dusting pea plants with fungicides

4. Are effective in limiting the spread of the disease.

w

9-Powdery Mildew of Pea

Aim: To study occurrence, symptoms and control measures of Powdery mildew of Pea
Powdery mildew of Pea is caused by Erysiphe polygoni DC, and is distributed worldwide. The
fungus is an obligate parasite and also attacks other crops such as beans, coriander, cabbage,
turnip etc. In India outbreak of disease occurs generally during November- December. Disease
causes most damage in dry season.

Symptoms of Powdery Mildew Disease

1. First symptoms appear on the leaves in the form of white floury patches on both sides of
leaves.

2. The disease then spreads to other green parts of the plant such as tendrils, pods, stems etc.
The patches on the leaves originate in the form of minute discoloured specks from which
powdery mass radiates on all sides.

3. In the advanced stages of the disease large areas of the host get coveted with white floury
patches.

4. Infected plants impart dirty appearance. In extreme severe infections the infected leaves are
shed leaving stem devoid of the leaves.

INFECTED LEAVES

WHITE MILDEW
©  PATCHES

Fig. 2.9: Diseased plant with powdery mildew symptoms
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Control Measures of Powdery Mildew Disease

1.

w

Sanitation of field and destruction of debris of diseased plant is crucial to control spread of
disease.

Crop rotation may effectively control the disease.

Sulphur dusting and spraying with Karathane is an effective method to control the disease.
Cultivation of resistant varieties such as P185, 61113, 1683, Freazer-656,etc is an effective
alternate to control the disease.

Aim: To study the disease cycle

Comments:

1. The primary infection occurs through ascospores which are released into soil by
disintegration of the wall of cleistothecium.

2. The ascospores germinate by germ tube under favorable conditions and causes primary
infection.

3. This primary infection is caused initially in lower most leaves of the plant which later
spreads to other leaves.

4. The symptoms of disease appear in form of white powdery mass. Patches of infection contain
conidia and conidiophores.

5. The primary infection may also come from the conidia produced on other hosts.

6. The secondary infection of the host takes place by conidia which are produced in large
numbers and are disseminated by wind.

7. Upon reaching the host the conidia germinate and cause infection.

HOST INFECTION
(Symptoms appear)

A 4

Ascospores v
germinate Secondary _
infection

Sexual reproduction

e
Lo —— !

Formation of Cleistothecia
containing asci and
ascospores

Ascospores get released
into due to breaking of
cleistothecia

'

Active Phase (Growth phase)

Dormant Phase (Perennation)

Cleistothecia on infected plant debris in soil |¢=~

Fig. 2.10: Disease cycle of powdery mildew disease
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10-White Rust of Crucifers

Aim: To study about occurrence and symptoms and control measures of white rust of
crucifers

White rust is one of the common diseases of crucifers caused by Albugo candida (Lev.) Kunze or
Cystopus candidus Lev. which is an obligate parasite. The disease is distributed worldwide
wherever crucifers are cultivated. The disease is known to infect many plant species including
Mustard, Rape, Radish, Cabbage, Cauliflower, Turnip etc.

Effect of White Rust Disease

Although considered unimportant in proportion to its widespread occurrence, the disease may
cause serious damage in certain areas and the losses may be upto 25 percent when the floral parts
get malformed and seeds are not formed at all. The disease in association with downy mildew
disease of crucifers caused by Peronospora parasitica causes severe damage to the crop.

Symptoms of White Rust Disease

1. All the parts of the plant except roots are affected. There are two types of infection namely
Local and Systemic.

2. In local infection individual spots or pustules of variable size appear on leaves, stems and

inflorescence. Pustules are raised shiny white areas.

Pustules coalesce to form large irregular patches.

Pustules appear in circular or concentric arrangement with one or two central areas. Rupture

of epidermis exposes white powdery mass consisting of fungal spores.

Systemic infection involves infection of young stems and inflorescence.

Infected tissues are stimulated to various types of deformities such as hypertrophy.

Swellings and distortion are observed due to Hypertrophy and Hyperplasia.

Thickening of peduncle and pedicel and swelling of stamen and carpel is observed.

Floral parts become fleshy, swollen, green or violet in colour and early fall of stamen occurs.

10. In case of early systemic infection growth of complete plant is affected resulting in stunted
growth.

P w

© oo NG

Control Measures of White Rust Disease

1. Destruction and eradication of weed is effective in controlling the disease.

2. Crop rotation discourages soil borne primary inoculum.

3. Spraying Bordeaux mixture or Dithane also checks the spread of the disease.

4. Cultivation of disease resistant varieties is another effective means to check occurrence of
disease.
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2.4 SUMMARY
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.
23.
24,
25.

26.
27.

Plant pathology is a branch of botany which deals with study of nature, development and
control of plant diseases.

Several bacteria, fungi and viruses are known to infect different plants and cause diseases.
Each disease has a characteristics development pattern and symptoms.

Mildews, smuts, screloti, rust etc are common symptoms in infected plants.

Each pathogen requires specific environmental conditions for infection and causing disease.
There are specific control measures which can be adopted against each pathogen so as to
check and control the occurrence of spread of disease.

Black wart disease of potato is caused by Synchytrium endobioticum.

The disease is characterized by development of cauliflower like warts on surface of tubers.
Specific chemicals such as HgCl,, formalin, ammonium sulphocynate etc. can be utilized for
control of disease.

Fungus Pythicum causes damping off in which growth of seedlings is affected.

Chemicals like formalin, captan etc. are utilized to control the disease.

Late blight of potato is caused by Phytophtora infestens.

Development of necrotic areas or brown spots in leaves is the first symptoms of disease.
Sclerospora graminicola causes green ear disease of bajra.

The disease involves two stages downy mildew and green ear stage.

Downy mildew of pea is a common disease of pea caused by Peronospora.

A symptom in form of yellow to brown spot or lesions appears at very early stage.

Albugo candida causes white rust of crucifers.

The disease infects all parts of plant accept roots.

Disease can be controlled by sanitization, destruction of infected plants parts and debris, crop
rotation and use of fungicides.

Loose smut of wheat is caused by Ustilaga tritici.

Disease appears when plant is in inflorescence stage.

Rust is disease is caused by basidomycetous fungus Melampsora lini.

Affected plant becomes bright orange in color because of presence of uredosori.

Control of disease includes sanitation, seed treatment, cultivation of resistant varieties and
use of fungicides.

Red rot of sugarcane is caused by deuteromycetous fungus, Collertotricium falcatum.
Disease can be controlled through sanitation, use of fungicides and cultivation of resistant
varieties.

2.5 GLOSSARY

Chlorosis: loss of the normal green coloration of leaves of plants, caused by iron deficiency in
lime-rich soils, disease, or lack of light
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Conidium: A spore produced asexually by various fungi at the tip of a specialized hypha.
Fungicide: A chemical utilized to destroy fungus.

Hyperplasia: Hyperplasia is the enlargement of a plant tissue due to excessive increase in the
number of plant cells produced. Hyperplasia results in  overdevelopment in size of
plants or plant organs.

Hypertrophy: Hypertrophy is excessive growth due to the enlargement of individual cells.
Pustules: Symptoms of rust diseases vary with the host plant and often begin as chlorosis or
yellowing on the upper surface of leaves. These develop into blister-like swellings or pustules
Rust: Rusts are the fungal disease of grasses and other plants which appear on the host surface
as small, coloured pustules- red, brown, yellow, orange or black in colour. It is caused by the
fungus of the class uredomycetes

Sclerotium: the hard dark resting body of certain fungi, consisting of a mass of hyphal threads,
capable of remaining dormant for long periods.

Smut: Smuts are the fungal diseases of cereals and other members of grass family that cause the
ears (particularly the ovaries) to turn black or sooty

Spikelet: A small or secondary spike in grasses; one of the flower clusters, the  unit of
inflorescence, consisting of two or more flowers and subtended by one or more glumes variously
disposed around a common axis

Sporangiophore: a specialized hypha bearing sporangia

Stolon: a creeping horizontal plant stem or runner that takes root at points along its length to
form new plants

Teleutospore: Teliospore (sometimes called teleutospore) is the thick-walled resting spore of
some fungi (rusts and smuts), from which the basidium arises.

Uredospores: a thin-walled, red, summer spore of a rust fungus, produced usually on the leaves
or stems of grasses and capable of reinfecting other grasses of the same species.

2.6 SELF ASSESSMENT QUESTION

2.6.1 Choose the most appropriate option for the following
1- In India Wart disease of potato was reported by

(a) Ganguly and Dravid (b) Ganguly and Paul
(c) Ganguly and Srivastava (d) Ganguly and Sinha
2- Smuts are

(a) Characterized by appearance of coloured lesion
(b) Fungal disease in which ears turn black

(c) Fungal disease in which white busters arte formed
(d) All are true
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3-Which of the following is not a symptom of green ear disease of Bajra
(a) Chlorsis in upper part of plant

(b) Development of lateral shoots

(c) Twisting and folding of leaves

(d) Transformation of green leaves into inflorescence

4-White blisters are found on

(a) Potato infected by Synchytrium endobioticum
(b) Grasses infected by Ustilago triticum

(c) Crucifers infected by Albugo candida

(d) Sugarcane infected by Sclerspora graminicola

5-Choose the correct pair of symptoms of fungal disease
(a) Smut, rust and sclerotia (b) Sclerotia, smut and conidia
(c) Rust, conidia and smut (d) Rust, sclerotia and conidia.

6-Which of the following is not true about mildews

(a) In mildews superficial growth of fungi is observed on surface of host.
(b) Mildews is a group of fungal disease.

(c) Downy mildews are internal obligate parasites.

(d) Powdery Mildews are internal facultative parasites

7-Downy mildews of pea is characterized by

(a) Enhancement in size of stipules of infected plants.

(b) Appearance of blotches on pods.

(c) Cold and humid conditions restrict occurrence of downy mildews of pea.
(d) All are true.

8- Observable symptoms of red rot of sugarcane

(a) Presence of disease is visible externally since it infects stem
(b) A gummy black fluid like material oozes from diseased.

(c) Eye regions of sugarcane show extensive growth.

(d) Drooping, withering and yellowing of upper leaves.

9- Damping off is favored by
(a) Lack of aeration and over watering. (b) Abundance of light.
(c) Lack of moisture. (d) Abundant aeration and light

10-Different types of green ear include
(a) Transformation of entire ear into green leafy mass
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(b) Conversion of lower part of inflorescence to green leafy mass.
(c) Suppression of inflorescence development and formation of small bunch of leafy structure.
(d) All the above statements are true.

2.6.2 State weather following statements is true or false

1. Sclerospora graminicola causes wart disease of potato.

2. Rusts are characterized by appearance of coloured pustules on surface of host plant.

3. Cool and humid condition acts as unfavourable environment for spread of downy mildew of
Pea.

Loose smut of wheat is caused by Ustilago tritici.

Downy mildew stage of green ear disease affects inflorescence.

Mildews are a group of bacterial disease.

Synchytrium endobioticum is an holocarpic endoparasite.

Smuts are fungal disease of cereals and grass.

Temperatures and moisture play an important role in determining the extent of infection
10 White rust of crucifers is caused by Peronospora.

© 0N oA

2.6.3 Fill up the following blanks

1) is a fungal disease of cereals and grasses.
2) Wart disease of potato is caused by
3) Mildews are a group of diseases.

4) Late blight of potato is caused by

5) Appearance in on pods is a characteristics feature of
6) Albugo candida causes of crucifers.

7) Rust of linseed is a common disease of

8) Powdery mildew of Pea causes maximum damage in season.

2.6.4 Very Short answer type question.

1) Define plant pathology?

2) Name the causative organism of green ear disease of Bajara?

3) What are two different stages of symptoms of green ear disease of Bajara?
4) What are fungicides?

5) Define Sclerotia?

6) How does smut differs from rust?

7) Mention a specific symptom for identification of Downy Mildew of Pea?
8) Name four plants affected by white rust of crucifers?

9) What do you understand by rogueing?

10) What is Downy Mildew of Pea?

11) Give an example of obligate fungal plants pathogen?
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2.6.1 Answers Key: 1-(b), 2-(b), 3-(d), 4-(c), 5-(a), 6-(b), 7-(b), 8-(d), 9-(a), 10-(d)
2.6.2 Answers Key: 1-F. 2-T, 3-F, 4-T, 5-F, 6-F, 7-T, 8-T, 9-T, 10-F

2.6.3 Answers Key: 1-Smut, 2- Synchytrium endobioticum, 3-Fungal, 4-Phytophthora
infestens, 5-Bltches, 6-White rust, 7-Flax, 8- Dry
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2.9 TERMINAL QUESTIONS

2.9.1 Short answer type question:

1) Mention about causative organism and effect of wart disease of potato?

2) Describe about disease cycle of Synchytrium endobioticum?

3) What is green ear disease? Mention about different types of ears known?

4) Mention about causative organism and distribution of late blight of potato?

5) Enlist control measures adopted against late blight of potato?

6) Mention the symptoms of loose smut disease of wheat?

7) Write short notes on how late blight is spread?

8) Write short note on symptoms and causative organism of Downy Mildew of pea?
9) What are seed protectants. Mention their function with examples?

10) Describe about disease cycle of damping off?

11) Name any four plant diseases caused by fungi along with their respective causative
organism?

12) Explain why occurrence of late blight epidemic is rare in plains of India?

13) Describe about disease cycle of red rot of sugarcane?
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2.9.2 Long answer type question:

1) Describe about symptoms and control measures of wart disease of potato?

2) Describe the disease cycle of loose smut disease of wheat. What probable measures can be
taken to check the disease?

3) What are symptoms of green ear disease of bajra. Also mention about symptoms of disease?
4) Describe the disease cycle of late blight of potato. Mention about the damage caused by late
blight of potato?

5) Tabulate different fungal diseases of plants along with their causative organisms?

6) Explain about various types of symptoms observed in plants infected by pathogenic fungi?

7) Describe about causative organism, symptoms and control measures of white rust of crucifers?
8) Enlist characteristics features of rust of linseed?

9) What do you understand by damping off. Mention about its causative organism?

10) With suitable diagram explain symptoms control measure and disease cycle of powdery
mildew of Pea?
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UNIT-3 IDENTIFICATION OF FUNGAL CULTURES

3.1-Objectives
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3.5-Glossary

3.6-Self Assessment Questions
3.7-References

3.8-Suggested Readings
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3.1 OBJECTIVES

After reading this unit students will be able-
e To learn about different method of isolation of fungi
e To study about various macroscopic characteristics of fungi
e To learn about microscopic identification of fungi

3.2 INTRODUCTION

Fungi are eukaryotic organisms which lack chlorophyll. Fungi have a diversity of morphological
appearance, depending on the species. We commonly see fungi as velvety blue and green growth
on rotting fruits and vegetables like oranges, lemons, tomatoes etc. Another commonly observed
fungal growth is whitish —gray furry outgrowth on bread and the mushrooms in the fields.
Kingdom fungi are represented by molds and yeasts. Molds are filamentous and multi
cellular whereas yeasts are unicellular. Growth of fungi requires moist habitats, generally in dark
and availability of organic matter. They are generally terrestrial organisms, however few are
fresh water or few marine species are also known. Fungi can be isolated in laboratory by
culturing the sample containing fungi mycelium or spores onto culture medium. A fungus can be
identified by observing its growth on slide culture and plate culture, and also by observing its
hyphae and sporulating structures microscopically under low and high power. Unknown fungus
can be assigned to a particular group by consulting various monographs and books on fungal
systematics.

3.3 IDENTIFICATION OF FUNGAL CULTURES

3.3.1 Aim: To study about microscopic identifying features of common fungal pathogen
Requirements: Permanent slides of Aspergillus, Penicillum, Alternaria, Mucor, Rhizopus,
microscope.

(@) Aspergillus
Classification
Kingdom:  Mycetae

Division: Amastigomycota
Class: Ascomycetes
Sub class: Plectomycetidae
Order: Eurotiales
Family: Eurotiaceae
Genus: Aspergillus
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Identifying features

1.

w

Aspergillus colonies are powdery and are of different colours yellowish (A.flavipes), blue
green (A.sydowi), lime green (A.flavus), cinnamon to deeper brown shades with edge
(A.terreus), blackish brown to black with slight yellowish mycelia (A. niger).
Mycelium is septate and branched.
Conidial apparatus developed as stalk and heads from foot cells.
Conidiophores septate or unseptate broadening in to elliptical, hemispherical or globose
fertile vesicles.
Vesicles bear phialides in one series or two series.
From these vegetative hyphae, long, unbranched, nonseptate erect hyphae arise called
conidiophores. The cell from which conidiophore arise is called foot cell.
It is thick walled and T-shaped and one conidiophore arises from each foot cell. 4.
Conidiophores terminate into a globular structure called vesicle.
6. At the tip of the sterigmata, a chain of small unicellular spores called conidia arises. These
conidia are formed in basipetal manner (oldest is at the top).

Aspergillus

%
B

524 Conidiospore

~Vesicle

— - Conidophore

(b) Penicillium
Classification

Kingdom:  Mycetae

Division: Amastigomycota
Class: Ascomycetes
Subclass: Plectomycetidae
Order: Eurotiales
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Family: Eurotiaceae
Genus: Penicillium

Identifying features

1. Colonies are of various color (i.e., green, bluish green, greyish green), central area raised or
smooth, may be zonate with age.

2. Vegetative hyphae creeping, wooly cottony, floccose to semi floccose, slow or fast growing.

3. Hyphae branched and septate producing branched or unbranched conidiophores each with
one, two or more vertical of phialides and metulae.

4. Foot cells are absent in Penicillium. Only one conidiophore arises from one cell.

5. Conidiophores branch once, twice or even more times to produce primary, secondary or
tertiary branches.

6. Conidia borne in chains typically forming brush like head, not enclosed in slime.

7. Conidia globose, ovate or elliptical with smooth or rough surface.

Penicillium

% o 2 ﬁ,
%—) \(Qg»f ~I Conidophore

>\

Fig.3.2: Microscopic view of Penicillium

(c) Mucor
Classification
Kingdom:  Mycetae

Division: Amastigomycota
Class: Zygomycetes
Order: Mucorales
Family: Mucoraceae
Genus: Mucor

Identifying features:
1. Hyphae broad, branched and non septate mycelium is present.
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Rhizoids and stolons are absent.

Apophysis absent or scarcely apparent.

Sporangiophores are ovoid in shape.

In Mucor, sporangiophores arise singly instead of a cluster as found in Rhizopus.
Sporangiophore may arise from any point in mycelium (this is again a different feature from
Rhizopus in which sporangiophore arise from nodes i.e. junction of rhizoids and stolon).

Mucor Spores in
Sporangium

Sporangium

Reproductive hypha

Fig.3.3 Microscopic view of Mucor

(d) Rhizopus
Classification

Kingdom:  Mycetae

Division: Amastigomycota
Class: Zygomycetes
Order: Mucorales
Family: Mucoraceae
Genus: Rhizopus

Identifying features

1.

w

Rhizopus appears as a white cottony mass, grows rapidly and spread over entire plate during
vegetative phase.

Hyphae are aseptate and coenocytic. There are three types of hyphae.

Stolon grows horizontally on substratum surface.

Rhizoids are brown slender root like structures.
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5. Sporangiophore, tufts of special, erect unbranched; hyphae growing in air arise from stolon
just opposite to rhizoids.

6. Sporangiophores swell at the tip into a spherical knob like structure called sporangium. It has
two zones. - Central dome shaped zone called columella, and - Peripheral sporiferous zone in
which black spores called sporangiospores are formed.

7. Because of sporangiospores, sporangium appears black at maturity.

Rhizopus

Sporangium
Spores

(e) Alternaria
Classification

Kingdom:

Division:
Class:
Subclass:
Order:
Family:
Genus:

Identifying features

Spores dispersed
o into air

Fig.3.4 Microscopic view of Rhizopus

Mycetae
Amastigomycota
Deuteromycetes
Hyphomycetidae
Moniliales
Dematiaceae
Alternaria

1. Alternaria colony is woody and compact. Underside is very dark coloured.

2. Colony colour is grayish green or black with gray edges rapidly spreading over entire plate.
3. Mycelium consists of short septate, branched and light brown coloured hyphae.

4. Multiply asexually by spore production or conidia formation.
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5. Conidia reproduced at tips of short hyphae.

By &
. “&%‘J—‘Wﬁ

=
\ .
\ Hyphae bearing
\ multicellular conidia
.

Structure of Alternaria

Fig.3.5 Microscopic view of Alternaria

(f) Fusarium
Classification
Kingdom: Mycetae

Division: Amastigomycotina
Subdivision: Deuteromycotina
Class: Deuteromycetes
Order: Moniliales
Family: Tuberculariaceae
Genus: Fusarium

Identifying features

1. Wooly, white fuzzy colonies changing colour to pink, purple or yellow.

2. Mycelium consists of septate and branched hyphae. Hyphae are colourless or have a tinge of
pink, purple or yellow when young, but at maturity become dark coloured.

3. Asexual reproduction takes place by formation of three kinds of spores — Microconidia,
Macroconidia and Chlamydospores.

4. Chlamydospores are round, oval and thick walled cells formed singly or in chains of two or
more. These are resting spores.

5. Compact resting bodies called sclerotia are also produced which serve as a storage organ and a
means of perennation.
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Fig.3.6 Microscopic view of Fusarium

3.3.2 Aim: To study about microscopic characteristic features of fungi

Different types of fungi will produce different-looking colonies, some colonies may be coloured,
some colonies are circular in shape, and others are irregular. A specific terminology is used to
describe common colony types. These are:

Surface topography - Some fungal colonies are free growing which covers almost entire
surface of agar, however growth of some fungi colonies grow in a restricted manner.

Form — Fungal colonies can have different shapes such as circular, filamentous, etc.

Size — The diameter of the colony may also differ from species to species. Tiny colonies are
referred to as punctiform

Elevation — Elevation refers to the side view of a colony which can be observed by turning
the Petri dish on end.

Margin/border — Different fungi species when grown on culture medium exhibit different
margins.

Surface texture - cottony or wooly (floccose), granular, chalky, velvety, powdery, silky,
glabrous (smooth, creamy), or waxy.

Opacity — Fungal colonies possess varying opacity. They may be transparent (clear), opaque,
translucent (like looking through frosted glass), etc.

Colour - (pigmentation) - Fungi may be colorless or brightly colored. Color may be on
fungus itself, on its sporulating apparatus, on the agar, or on the bottom of the colony
(reverse pigmentation).
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FORM
Circular Irregular Filamentous Rhizoid

ELEVATION
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Raised Convex Flat umbonate Crateriform
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Entire Undulate Filiform Curled Lobate

Fig.3.7 Microscopic characteristic features of fungi

3.3.3 Aim: Isolation of fungi from infected plants on PDA culture medium
Requirements:

PDA culture medium

Tartaric acid

Infected plant leaves, fruits etc

Petriplates, spreader

Composition of PDA media:

Component Amount/ volume
Potato infusion 20gm
Dextrose 20gm
Agar 20gm
Distilled water 1 litre

Principle: Potato Dextrose Agar (PDA) is one of the most commonly utilized culture medium
for isolation of fungi. It contains dextrose which acts as a carbohydrate source and hence serves
the function of growth stimulator. Potato infusion present in PDA provides a nutrient base so as
to achieve enhanced growth of most fungi. As in any other culture medium agar is added as the
solidifying agent. Along with this specific amount of sterile tartaric acid (10%) is also added
into PDA, which functions to lower the pH of the medium to 3.5. The advantage provided by this
low pH is that growth of most of the bacteria is inhibited at such low pH.
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Procedure:

1. Weigh all the components accurately and add 750 ml of distilled water. Heat to boiling to
dissolve the components completely. Make the volume to 1 L by addition of distilled water.

2. Sterilize by autoclaving at 15 Ibs pressure (121°C) for 15 minutes.

3. Culture medium should be acidified with sterile 10% tartaric acid to make the pH 3.5. About
1ml acid is required for 100 ml. of sterile and cooled medium. Culture medium should not be
heated after addition of acid.

4. Pour the media in petriplates under aseptic condition and allow it to solidify.

5. Crushed plant sample (containing fungi) is spreaded onto the solidified medium.

6. Incubate the plates at 25 — 30°C with increased humidity.

7. Examine the cultures regularly for fungal growth.

Observation and result
Note the kind and pattern of growth obtained. Petriplates should be observed for at least 4 weeks
before reporting negative result.

Some common features of different fungi observed on PDA agar

Fungi Texture Surface colour | Reverse colour | Zonation

Aspergillus | Velvety White with Yellow Heavily furrowed on

niger black spores reverse

A.candidus Velvety Creamish white | Slightly Radially furrowed on

creamish the reverse

Penicillium | Velvety Dark green Colourless to With shallow centre

corylophilum Creamish and radially furrowed
raised margin

Fusarium Floccose | Magenta pink Magenta-red With concentric zones

oxysporum turning violet of dark and light
reddish colouration

* ldentification features mentioned in experiment 3.1 can also be utilized to identify
isolated fungi.

3.3.4 Aim: To perform lactophenol cotton blue staining for presumptive identification of
fungi

Lactophenol Cotton Blue (LPCB) Stain is formulated with lactophenol, which serves as a
mounting fluid, and cotton blue. Organisms suspended in the stain are killed due to the presence
of phenol, because phenol is a well known fungicide. The high concentration of the phenol
deactivates lytic cellular enzymes thus the cells do not lyse. Cotton blue is an acid dye that stains
the chitin present in the cell walls of fungi. Lactic acid present in LPCB serves to preserve the
fungal structures. Cotton blue (China blue) stains chitin in the fungal cell wall and cellulose.
Since cell walls of fungi are primarily chitin, this stain is an excellent choice for observing fungi
in clinical specimens.
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Requirements:
e Culture of Fungi (preferably bread mould for initial learning)
e Lactophenol cotton blue
e Glass slides
e Dropper
e Cover slips
e Microscope

Chemical composition of Lactophenol cotton blue stain

Component Quantity
Cotton blue 0.05gm
Phenol crystals 20gm
Glycerol 40ml
Lactic acid 20ml
Distilled water 20ml

Procedure
(A) Preparation of Lactophenol cotton blue stain
1. Dissolve cotton blue in distilled water and leave the solution overnight so as to eliminate
any insoluble dye present.
2. Filter the cotton blue solution next day.
3. Take lactic acid solution in a beaker and add phenol crystals to it, place the beaker on
magnetic stirrer until phenol crystals are completely dissolved.
4. After phenol crystals completely dissolve, add glycerol to the solution.
5. Filtered cotton blue solution (obtained in step 2) is added to solution obtained in step 4.
6. Mix the solutions well and store at room temperature for further use.

(B) Procedure of Staining

1. Place a small drop of lactophenol cotton blue (LPCB) in the center of a clean glass slide. The
slide should be placed on a light box or sheet of white paper for easier manipulation.

2. Remove a fragment of fungus culture with a teasing needle and place in the LPCB.

NOTE: Because fungal colony grows from centre towards outwards, fungus sample should be
carefully taken from an area 4-5 mm from the edge. This area is expected to show
characteristic structures required to identify the organism properly. The centre of the colony
being the oldest usually shows an abundance of sterile hyphae, and the periphery portion will not
have aged adequately to produce any characteristic structures. If proper structures are not seen in
this area (4-5 mm from the edge), then mycelium can be collected from 8-10 mm from the outer
edge and repeat the procedure. If characteristic structures are still not evident, the colony may be
too young, or the particular organism may not sporulate on that medium.

UTTARAKHAND OPEN UNIVERSITY Page 68



LABORATORY PRACTICAL-I MSCBOT-505

3. Gently place cover slip onto the preparation.

4. Heat from the microscope lamp which will spread the medium evenly.

5. Pressing or tapping of coverslip should be avoided as it will break the conidia from the
conidiophores and make identification more difficult.

6. The preparation can also be preserved by sealing the edges with colored nail polish. Sealing
should be done only after wiping excess mounting medium.

7. Initially examine the preparation using the low power (10x) objective of a microscope. Once
the fungal structures are observed view them on high power (40x, 100x).

Disadvantage:
1. The intact morphology will not be seen.

Advantages:
1. Tt is the most widely used method for staining and observing fungi because it’s easy and fast.
2. This stain is useful for making permanent mount of the fungus which is in culture.

3.3.5 Aim: Slide culture technique for identification of fungi

Principle: Occasionally, conidia from a culture may not be observed in a Lactophenol Cotton
Blue preparation. By growing the organism in a way that allows periodic observation, the
precise time that conidia are at prime identifiable stage can be determined.

Equipment

(1) Sterile petri dish (15 x 100 mm).

(2) Filter paper (100 mm diameter).

(3) Sterile, distilled water.

(4) Sterile pipets (graduated or Pasteur).

(5) Sterile, rimless test tube (approx. 15 mm in diameter)--this is an optional item.

(6) Sterile scalpel.

(7) Petri dish with potato dextrose agar (PDA) or other medium of choice. Plate should
contain 15 ml of agar.

(8) Sterile microscope slides and cover slips

Procedure:

(A) Slide Culture Preparation

1. Aseptically, with a pair of forceps, place a sheet of sterile filter paper in a Petri dish.

2. Place a sterile U-shaped glass rod on the filter paper. (Rod can be sterilized by flaming, if
held by forceps.)

3. Pour enough sterile water (about 4 ml) on filter paper to completely moisten it.

4. With forceps, place a sterile slide on the U-shaped rod
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5. Gently flame a scalpel to sterilize, and cut a 5 mm square block of the
medium from the plate of Sabouraud’s agar or Emmons’ medium.

6. Pick up the block of agar by inserting the scalpel and carefully transfer this block aseptically
to the centre of the slide.

7. Inoculate four sides of the agar square with spores or mycelial fragments of the fungus to be
examined. Be sure to flame and cool the loop prior to picking up spores.

8. Aseptically, place a sterile cover glass on the upper surface of the agar cube.

9. Place the cover on the Petri dish and incubate at room temperature for 48 hours.

10. After 48 hours, examine the slide under low power. If growth has occurred there will be
growth of hyphae and production of spores. If growth is inadequate and spores are not
evident, allow the mold to grow for another 24-48 hours before making the stained
slides.

(B) Application of Stain

1. Place a drop of lactophenol cotton blue stain on a clean microscope slide.

2. Remove the cover glass from the slide culture and discard the block of agar.

3. Add a drop of 95% ethanol to the hyphae on the cover glass. As soon as most of the alcohol
has evaporated place the cover glass, mold side down, on the drop of lactophenol
cotton blue stain on the slide. Examine the slide under microscope.

Interpretation

1. Cultures should be examined on daily basis. Remove slide from petri dish and wipe off any
condensation on bottom of slide. Place slide on stage of microscope and observe using low
power (10x) and/or high dry (45/47x). Examine for presence of different morphological
structures.

2. If properly identificable structures are not observed it is possible that the fungi might not have
yet reached proper growth stage. In such a case cultures should be incubated for a longer period
of time and should be regularly monitored.

3. If slide culture has developed identifiable structures, then carefully lift cover slip off agar
surface using a pair of sterile forceps and place on slide containing drop of LPCB. If agar block
sticks to coverslip, remove using a sterile scalpel. Preparation may be preserved indefinitely by
sealing edges with nail polish after removing excess mounting media.

4. Examine preparation using low power (10x) objective of a microscope and then on higher
magnification.

5. If possible, report organism identification based on observed structures. If reportable
structures are not seen or structures seen are nonspecific, additional testing such as repeat slide
culture and/or biochemical testing may be required.

Advantages of slide culture:
1. It is a rapid method of preparing fungal colonies for examination and identification.
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2. Permits fungi to be studied virtually in situ with as little disturbance as possible.
3. Fungi are identified mostly by close examination of its morphology and the characteristics it
POSSESS.

Precautions:

1. Use sterile forcep and needles for slide culture technique.

2. Aseptic conditions should be maintained.

3. Carefully remove the coverslip and agar block for semi-permanent mount so that morphologic
characteristics of the fungus won’t disturb.

4. Entry of air bubbles should be avoided when placing the cover-slip over a drop of stain.

5. Use sufficient amount of stain so that it completely covers the 18 mm cover-slip.

6. Remoisten the filter paper with sterile water when it becomes dry.

3.3.6 Aim: To isolate and identify fungi from different samples by Warcup method

Requirements:

e Sample (soil, fruits, vegetables)

e Sabouraud agar medium

e Rose Bengal

e Antibiotic (Aureomycin)

e Petriplates, distilled water, autoclave, incubator.

Principle: It is practically difficult to directly separate or isolate fungi from a source like soil,
fruits, vegetables, etc and place under microscope for observation to identify their characteristic
features. Hence there are different techniques available for to isolate fungi from a source and
stimulate their growth under laboratory conditions which facilitate their easy identification under
microscope. One of the methods includes serial dilution agar plate. This method was developed
by Warcup in 1950; hence the method is named as Warcup method.

Procedure:

1. Soil sample in collected in sterile polybags using gloves and scapel.

2. Collected soil samples are dried in air.

3. Five autoclaved petriplates are taken and to each plate add 10, 20, 50, 90 and 120mg of
dried soil. Take one petriplate as control (no soil is added to this pletriplate). Label all the
plates are accordingly (P1,P2,P3,P4,P5 & C)

4. Add about 12-15 ml of melted Sabouraud medium containing antibiotic (antibiotic is added
to medium to restrict the growth of bacteria) to each petriplate including control. This step
should be carried out under aseptic conditions in laminar air flow.

5. Gently rotate the plates to uniformly mix soil and media.

6. Let the media solidify.
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7. Incubate the plates in incubator at 25°C for 10-12 days.
8. Plates should be regularly monitored for growth.

Result: Observe the plates for appearance of fungal colonies after 03 days of incubation till 15
days of incubation and record observations.

Observation table:
Table: Observation of fungal colony after incubation

Days after incubation

03 Days 05 Days 10 Days 12 Days
Growth | Identifying | Growth | Identifying | Growth | Identifying | Growth | lIdentifying
features features features features
C
P1
P2
P3
P4
P5

P1, P2, P3, P4, P5- Plates containing soil, C-control plate.

Growth should be indicated as: no growth (-), low colony number (+), moderate colony number
(++), high colony number (+++). For identifying features observe macroscopic and microscopic
characteristics of fungal colonies.

3.4 SUMMARY

1. Fungi are eukaryotic organisms which lack chlorophyill.

2. Fungi are found to inhabit different types of habitats.

3. Morphological appearance of fungi varies from species to species.

4. Fungi are represented by molds and yeast.

5. Molds are filamentous and multicellular.

6. Yeast is unicellular.

7. Fungi can be isolated from different sources- soil, rotten vegetables and fruits, infected leaves,
etc by culturing them onto culture medium.

8. Potato dextrose agar and Sabouraud’s agar medium are the most commonly utilized culture
medium for isolation as well as culture fungi species.

9. Optimum temperature for fungi culture under laboratory conditions ranges around 25°C.

10. When grown onto culture medium fungi species exhibit significant amount of variation in
their cultural characteristics.
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10. Fungi can be identified based upon their macroscopic and microscopic characteristics.

11. Major macroscopic characteristics utilized for fungi identification include colony colour,
shape, size, texture, opacity, reverse colour, form elevation and margin.

12. Lactophenol cotton blue staining (LPCB) staining is commonly utilized for staining of fungal
mycelium.

13. Microscopically fungi can be identified based upon the structure of hyphae, mycelium and
spores.

3.5 GLOSSARY

Antibiotic: Antibiotics, also called antibacterials, are a type of antimicrobial drug used in the
treatment and prevention of bacterial infections. They may either kill or inhibit the growth of
bacteria.

Chitin: a fibrous substance consisting of polysaccharides, which is the major constituent in the
exoskeleton of arthropods and the cell walls of fungi

Chlamydospores: A chlamydospore is the thick-walled large resting spore of several kinds
of fungi.

Cleistothecia: It consists of very tightly interwoven hyphae and may contain millions of asci,
each of which typically contains four to eight ascospores. Ascocarps are most commonly bowl-
shaped (apothecia) but may take a spherical (cleistothecia) or flask-like (perithecia) form.
Conidiophores: Conidiophores are specialized hyphae which play an important role in asexual
reproduction. They bear the conidia (asexual spores) at its tip which are not enclosed within a
sac.

Fungicide: Fungicides are biocidal chemical compounds or biological organisms used to kill
parasitic fungi or their spores.

Hyphae: Hyphae are the thread-like filaments that make up a multicellular fungus and release
enzymes to absorb nutrients from food sources.

Metulae: One of the outermost branches of a conidiophore from which flask-shaped
phialides radiate (as in molds of the genera Aspergillus and Penicillium).

Miroconidia: Aerial hyphae often produce asexual reproduction propagules termed conidia
(synonymous with spores). Relatively large and complex conidia are termed macroconidia while
the smaller and simpler conidia are termed microconidia.

Mold: A mold is a fungus that grows in the form of multicellular filaments called hypha.
Phialide: A phialide is an elongated and flask shaped (where it gets its name) projection rising
from the vesicle in certain fungal groups, such as Aspergillus.

Pseudohyphae: Pseudohyphae are distinguished from true hyphae by their method of growth,
relative frailty and lack of cytoplasmic connection between the cells

Rhizoid: Rhizoid is a short, thin filament found in fungi and in certain plants and sponges that
anchors the growing (vegetative) body of the organism to a substratum and that is capable of
absorbing nutrients. In fungi, the rhizoid is found in the thallus and resembles a root.
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Sterigma: It represents extension of the basidium (the spore-bearing cells) consisting of a basal
filamentous part and a slender projection which carries a spore at the tip

3.6 SELF ASSESSMENT QUESTION

3.6.1 Choose the most appropriate option:

1-Which of the following is not a macroscopic character of fungal colony
(a) Size, elevation and color (b) Size, opacity and form

(c) Margin, elevation and texture (d) All are correct

2- Which of the following is most commonly utilized culture medium for fungi
(a) PDA (b) Maconkey agar
(c) Nutrient agar (d) Citrate agar

3- Fusarium belongs to the order
(a) Uridinales (b) Peronosporales
(c) Liceales (d) Moniliales

4- Hyphae of Alternaria are
(a) Branched and non septate (b) Branched and septate
(c) Unbranched and non septate (d) Unbranched and septate

5- Asexual reproduction in Fusarium occurs by
(a) Microconidia (b) Macroconodia
(c) Chalnydospora (d) All of the above

6- Which of the following is not a component of Lactophenol cotton blue stain?
(a) Lactic acid (b) Phenol
(c) Acetic acid (d) cotton blue

7- What is the function of lactic acid in?
(a) It preserves fungal structures (b) It destroys fungal structures
(c) It preserves bacterial structures (c) Both b and c are correct

8- Slide culture method of fungal staining

(a) Is a rapid method of fungal staining

(b) Is the only method of fungal staining

(c) Does not allow viewing intact morphology of fungi
(d) All are correct
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9- Which of the following is correct combination

(a) Rose Bengal, fungicide, Sabouraud agar medium
(b) Rose Bengal, antibiotic, Sabouraud agar medium
(c) Cotton blue, antibiotic, Sabouraud agar medium
(d) Rose Bengal, fungicide, potato agar medium

10- Which of the following is NOT correct about Fusarium?

(a) Mycelium consists of septate and branched hyphae.

(b) Asexual reproduction takes through — Microconidia, Macroconidia and Chlamydospores.
(c) Chlamydospores are round, oval and thick walled cells.

(d) Fusarium is not a pathogenic fungus

3.6.2 State whether following statements are true or false

1. Alternaria belongs to the class Deuteromycetes.

2. Chlamdospores are known as function as resting spores.

. Hyphae of rhizopus are septate and coenocytic.

. Hyphae of mucor are unbranched.

. The function of phenol in Lactophenol cotton blue stain is to deactivate lytic enzymes.
. Major component of cell wall of fungi is cellulose.

. Intact fungal morphology can be observed through lactophenol cotton blue staining.

. In Warcup method antibiotic is added to the medium to restrict growth of bacteria.

. Mucor and rhizopus exhibit morphological similarity.

© 00 N O O b W

3.6.3 Fill up the following blanks:
1-Tiny fungal colonies obtained on culture media are known as

2- Alternaria reproduces sexually by and

3- Aphysis is absent in

4- Cotton blue stains present in fungal cell wall

5- PDA stands for

6- are unicellular fungi.

7-Sporangium appears black due to presence of

8- are produced at the tip of hyphae in Alternaria.
9-Hyphae of Rhizopus are and

10-Fungi are represented by and

3.6.4 Very short answer type questions

1. Name the most commonly utilized stain for staining fungi?

2. Give an example of unicellular fungi.

3. Define warcup method?

4. What are different types of surface texture which a fungal colony may exhibit?
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5. Mention the function of phenol in lactophenol cotton blue.

6. Why is lactic acid added to lactophenol cotton blue?

7. Define conidia?

8. Mention the disadvantage associated with lactophenol cotton blue staining?
9. For what purpose is Warcup method utilized?

10. Name two most commonly utilized media for isolation of fungi?

11. Define sporongiophore?

12. What is bread mould?

13. What do you understand by mycelium?

14. Mention the chemical composition of fungal cell wall?

3.6.1 Answers Key: 1- (d), 2- (a), 3-(d), 4 — (c), 5- (d), 6- (c), 7 — (a), 8 — (), 9- (b), 10 — (d)
3.6.2 Answers Key: 1-T, 2-T, 3-F, 4-F, 5-T, 6-T, 7-F, 8-F, 9-T

3.6.3 Answers Key: 1- Punctiform, 2- spore, conidia, 3- Mucor 4-Chitin, 5-Potato dextrose
agar, 6- Yeast, 7 -Sporangiospores, 8 -conidia, 9 - septate, non coenocytic, 10- yeast , mould.
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3.9 TERMINAL QUESTIONS

3.9.1 Short answer type question:
1. Enlist different macroscopic characters of fungi which are utilized to describe different colony
types?
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2. Mention the composition of lactophenol cotton blue stain alongwith function of each
component?

3. Write about composition and preparation of Sabouraud agar medium?

4. Why it is advisable to collect fungal sample from an area 4-5 cm from edge of fungal colony?
5. How is lactophenol cotton blue staining done. Mention the advantage and disadvantage
associated with the technique?

6. Mention the characteristic features of Aspergillus. Illustrate your answer with suitable
examples?

7. Enlist different characteristic features of fungi?

8. Enlist various precautions and safety measures adopted during fungi isolation and
identification?

9. What is the purpose of using a humid chamber and U shaped glass rod in the Petri dish?

10. What is the importance of slide culture techniques? What precautions have to be taken while
performing slide culture?

11. Mention two harmful and two beneficial impacts of fungi?

12. Differentiate between Rhizopus amd Mucor?

3.9.2 Long answer type questions

1. Outline the process involved in lactophenol cotton blue staining of fungi?

2. With well labelled diagram explain distinguishing characteristic features of Aspergillus,
Rhizopus and Mucor?

3. What is Warcup method? How it is utilized for isolation and identification of fungi?

4. Describe about different macroscopic and microscopic features utilized in identification of
fungus culture.

5. Mention how slide culture method is utilized for observing intact morphology of fungi?
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BLOCK-2 ALGAE
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UNIT-4 MORPHOLOGICAL STUDY OF REPRESENTATIVES OF
ALGAE-I
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4.4.2-Chara
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4.4.5-Volvox
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4.1 OBJECTIVE

After reading this unit students will be able-
e To observe two different species of green algae.
e To make diagram and compare these green algae to each other.
e To observe an example of brown and red algae and compare them to green algae.

4.2 INTRODUCTION

Phycology or Algology is the study of the algae. The word phycology is derived from the Greek
word phykos, which means “seaweed.” The term algology, described in Webster’s dictionary as
the study of the algae, has fallen out of favor because it resembles the term algogenic which
means “producing pain.” The algae are thallophytes (plants lacking roots, stems, and leaves)
that have chlorophyll a as their primary photosynthetic pigment and lack a sterile covering of
cells around the reproductive cells. Algae most commonly occur in water (fresh water, marine, or
brackish). However, they can also be found in almost every other environment on earth, from the
algae growing in the snow of some mountains to algae living in lichen associations on bare
rocks, to unicellular algae in desert soils, to algae living in hot springs. In most habitats they
function as the primary producers in the food chain, producing organic material from sun light,
carbon dioxide, and water. Besides forming the basic food source for these food chains, they also
form the oxygen necessary for the metabolism of the consumer organisms. In such cases humans
rarely directly consume the algae as such, but harvest organisms higher up in the food chain (i.e.,
fish, crustaceans). Some algae, particularly the red and brown, are harvested and eaten as a
vegetable, or the mucilages are extracted from the thallus for use as gelling and thickening
agents. On the basis of Photosynthetic Pigments algae are classified into three groups namely
Green algae (Chlorophyseae), Brown algae (Pheophyceae) and Red algae (Rhodophyceae).

4.3 PROCEDURE

Samples of algae are in liquid, use a pipette to remove just a little alga to a slide, and cover with
a cover slip. Remove excess liquid with a tissue, so that the cover slip is not floating.
Material’s are-

e Vaucheria,

e Chara,

e Batrachospermum,

e Polysiphonia

e Volvox

e Cladophora

e Oscillatoria
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e Anabaena
e Spirulina
e Scytonema
e Rivularia
e Haematococcus
Wherever possible, collect specimens from the ocean for use in the lab.

Part A: Green Algae

1. Prepare a wet mount of preserved Algae for viewing under the microscope.

2. Observe the algae under both low and high power objective lenses.

3. Make Diagram of one or two cells of Algae in the space provided. Note the shape of its
chloroplasts. Use high power to draw the algae.

4. Label these parts on your diagram: cell wall, green chloroplast, nucleus, and single cell unit.

5. Describe the shape of the chloroplast.

6. Describe the colour of its chloroplast.

7. Describe the complete shape of the algae.

Part B: Red and Brown Algae

Most red and brown algae grow in marine habitats. Most red and brown algae are multicellular
and all have nuclei within their cells. They are often found clinging to rocks along the ocean
shores by a special structure called a holdfast. For this part of the lab you will need to find
samples of red and brown algae.

4.4 STUDY OF REPRESENTATIVE MEMBERS OF ALGAE-I

4.4.1-Vaucheria
Taxonomic Position
According to F.E.Fritisch
Class- Chlorophyceae
Order-Siphonales
Family-Vaucheriaceae
Genus- Vaucheria

Affinities of Vaucheria with Chlorophyceae
1. Multinucleate, aseptate thallus.
2. Oogamous sexual reproduction.

Affinities of Vaucheria with Xanthophyceae
1. Siphonaceous, acellular organisation of thallus.
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2. Photosynthetic pigment.
3. Discoid chloroplast.

Occurence

1. It has about 54 species. It occurs in damp grounds. Some species are marine, some are found
on snow, terrestrial, amphibious species.

2. Vaucheria zonesii is found on snow.

Structure

1. The plant body is filamentous, branched and coenocytic.

2. The vegetative structure of this alga is aseptate. The terrestrial species remain attached to the
substratum by rhizoids. This portion is devoid of chlorophyll, the rest portion of plant is
chlorophyllous.

3. Just within the cell wall, a thick continuous layer of cytoplasm is present. It contains numerous
chloroplast which may be circular or disc like.
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Fig.4.1: Vaucheria structure (A) Entire thallus (B) A part of thallus

The reserve food material is Oil; it contains chlorophyll ‘a’, chlorophyll ‘e’, carotenoids and
xanthophylls. Chlorophyll ‘b> completely absent.

Reproduction

(a) Vegetative Reproduction

It takes place by means of fragmentation. In this method the filament breaks into several
fragments and each fragment is liable to produce new plant.

(b) Asexual Reproduction

It takes place by means of Zoospores, Aplanospores and by Hypnospores or Akinetes.

1. By Zoospore-The zoospore is produced in club shaped sporangia which is formed at the tip of
the filament. The tip is cut off from the rest of the filament by means of a transverse septum.
After the zoospore is fully developed inside the zoosporangium, a pore is developed from which
zoospore is liberated. After resting period it germinates into a new filament.

UTTARAKHAND OPEN UNIVERSITY Page 82



LABORATORY PRACTICAL-I MSCBOT-505

2. By Aplanospores — It takes place in terrestrial species when the plant is exposed to drought
condition a single aplanospore is formed in aplanosporangia which is formed at the tip of the
filament. Mature aplanospore in favourable condition germinates into a new plant.

Fig.4.2 Showing Asexual reproduction by gongosira

3. By Gongosira stage-Some terrestrial and aquatic species of vaucheria, when subjected to
unfavourable conditions, content of their filament divides into small segments by thick
gelatinous wall, these thick walled multinucleated segments are called akinetes, hypnospore or
cyst. The segmented thallus looks like an algae gongosira and this stage of vaucheria is called
Gongosira stage.

(c) Sexual Reproduction

1. It is Oogamous type. Mostly plant is monocious rarely dioecious.

2. Mostly the species are Protandrous (i.e. antheridium develops before the development of
oogonium).

Antheridium

1. The slender antheridium looks like a hook because the distal end of antheridium curves down
and this distal end develop a pore at the tip.A septum develops just below the curved portion.

2. The nuclei divide again and again mitotically and around each nucleus cytoplasm is deposited
and each gets metamorphosed into biflagellated antherozoids.

Oogonium

1. The oogonium develops as a swelling filled with nuclei, oil and chloroplast. This dense
multinucleated mass of cytoplasm is called Wanderplasm.

2. After sometime only one nucleus survives and gets converted into an egg nucleus.

4.3.2-Chara

Taxonomic Position
Class- Charophyceae
Order- Charales
Family- Characeae
Genus- Chara
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Occurence

1. Commonly known as Stone wort.

2. Chara is a fresh water alga, commonly found in fresh water pools, tanks, lakes, or slow
flowing water.

3. It is a submerged species.

4. Chara baltika occurs in brackish water whereas Chara fragilis occurs in hot springs. There are
about 188 species of Chara in world.
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Fig.4.3- Thallus structure

Structure

1. The plant body consists of an erect, branched axis which may grow to the height of about 20-
30 cm.

2. The axis has distinct nodes and internodes from each node arise a whorl of lateral branches of
limited growth.

3. The plant is enchored to substratum by means of colourless multicellular rhizoids. Each cell of
the filament has a cell wall made up of cellulose and calcium carbonate. The chloroplasts are
discoid without Pyrenoids.

Reproduction

(a) Vegetative Reproduction

1. By Amylum stars: In this method some of the cells of lower nodes form a mass of special
types of cells which are star shaped and contain Amylum starch. The cells are also known as
Amylum stars. They can give rise to a new plant.

2. By Bulbils-In this method some lower nodes or some rhizoids may form bulbils (bulb like
structures).These bulbils when detached give rise to new plants.

3. By tubers-Tubers are forms on the lower nodes or in rhizoids. The tuber is full of reserved
food material. It also gives rise to new plant when detached from parent plant.
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(b) Sexual Reproduction
This is highly advanced oogamous type. The male reproductive organ is known as Globule and
female reproductive organ is called Nucule. These two structures are produced at node of the
branches of limited growth. Nucule is always above the globule.
Central
cylindrical cell
Secondary

latarais 2 Cortical
> 2 cell

Corona 3¢
cells

Nucule

Globuie

Fig.4.4- Structure of Nucule

Structure of Globule: The mature globule is circular in outline and red or orange in colour.
The wall of the globule consists of 8 sheild cells. The outerwall of each shield cell is marked
with numerous infoldings giving the idea that the wall of globule consists of more than 8 sheild
cells. From the centre of each shield cell there arises a rod like outgrowth known as Manubrium.
The manubrium consists of a primary capitulum cell at its upper end. The primary capitulum cell
may divide to form secondary or tertiary cells. The secondary capitulum cell usually bears the
branch uniciliate antheridial filament. Each antheridium gives rise to biflagellate single
antherozoid which is spirally coiled.

Structure of Nucule: Nucule or oogonium is a short, stalked body attached to the nodes of
branches of limited growth. A mature nucule consist of a large oval egg surrounded by a cover of
fine 5 tubular cells which make two or more clock wise spiral turns around it. From the upper
end of each tubular cell, a cell is cut off which constitutes the corona or crown of oogonia.

Development of Nucule: The nucule develops in the axial of the branches of limited growth
on the adaxial side. It develops from single superficial adaxial cell. This cell undergoes 2
successive divisions forming 3 cells. The lower most cell elongates and forms Pedicel. The
middle cell gives rise to 5 peripheral cells and uppermost cell act as a oogonial mother cell. Each
of the peripheral cell divides transversely forming an upper smaller corona cell and the lower
larger cell i.e. Tube cell. The five corona cells form a mature corona or crown of the oogonium.
The 5 tube cell elongates vertically and then divides transversely to form stalk cell of oogonium.
The oogonium contains single uninucleate egg which is formed by oogonial mother cell. The
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nucule when mature the tube cells separate from each other just below the corona to form 5 slits
for the entrance of the antherozoids.

4.3.3-Batrachospermum
(batracho, frog ; spermum, seed)

Taxonomic Position

Class: Rodophyceae
Sub-Class: Florideae

Order: Nemelionales
Family:  Batrachospermaceae
Genus:  Batrachospermum

Occurrence

Batrachospermum is a freshwater red alga which grows in slow moving water of streams, lakes
and ponds in the tropical and temperate regions.

Some of its species are found attached to stones in swift- flowing acidic water of rivers. Most of
the species are annual but B.vagum is perennial species.

The genus is represented in India by 5 species, of these B. moniliforme and B. vagum are most
common.

Thallus Structure

The mature thallus is branched, soft and gelatinous, 15-20 cm long and blue-green, violet or red
in colour. The colour of the thallus depends on the intensity of light available. The thallus is
differentiated into a prostrate and an erect system.The prostrate branches anchor the thallus to the
substratum where as the branches of the erect system float freely on water. The thallus is uniaxial
and the main or primary axis is made up of a uniseriate row of large cylindrical cell. The axis is
differentiated into nodes and internodes and grows by a dome shaped apical cell.

From the nodes of the main axis two types of lateral branches develop-

[a] branches of limited growth, [b] branches of unlimited growth.

Cell Structure

The cells of the thallus are uninucleate with several discoid choromatophores along the periphery
or a diffuse chromatophore.

The chromatophore is surrounded by a double layered wall and contains a single pyrenoid.

The main pigments are chlorophyll a, chlorophyll d, r-phycoerythrin and are r-phycocyanin, but
due to the excess of red pigment —r-phycoerythrin the green colour of chlorophyll is completely
or partially masked.
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Fig.4.5: Batrachospermum. A. portion of plant, B. two whorls of laterals, C. short laterals, D. basal
cell with laterals

Reproduction

Sexual Reproduction

Sexual reproduction is of advanced oogamous type.

Species of Batrachospermum are either monoecious or dioecious.

The male reproductive structures are called Spermatangia or antheridia.

Spermatiangia are unicellular, uninucleate, spherical or globose and colourless structure.
They develop singly or in pairs at the distal end of the branches of the limited growth.
Carpogonium, the female reproductive organ is a flask shaped structures.

It is differentiated into basal swollen egg cell and a long narrow neck called trichogyne.

No ook owhdRE

Asexual Reproduction

It takes place by means of uninucleate, haploid and non-motile monospores. These spores are
formed in the ‘chantransia’ stage and on germination again give rise to ‘chantransia’ stage. The
erect branches of this hetrotrichous juvenile stage give rise to adult Batrachospermum plants.
Thus, in the life cycle of Batrachospermum are two haploid phases — gametophyte and
carposporophyte. Such a life cycle with two haploid phases is called triphaic haplobiontic life
cycle.

4.3.4-Polysiphonia

Taxonomic Position
Class- Rhodophyceae
Order- Ceramiales
Family- Rhodomelaceae
Genus- Polysiphonia
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Occurence

1. It is exclusively marine algae which is cosmopolitan in distribution and represented by more
than 150 species.

2. Some species of Polysiphonia are semiparasite. Some are epiphytes and lithophytes.

Structure

1. The Polysiphonia has a beautiful filamentous plant body; it is profusely branched and
attached to the substratum by means of hold fast.

2. It is small in size and brownish red to dark purple in colour. The plant body consists of 2
types of filaments. Hence heterotrichous in nature.

3. The basal and prostrate filament creeps over the substrate and are anchored to it by means of
holdfast.

4. The upright filaments arise from prostrate system. The upright system of thallus is feathery in
appearance.

5. Some pericentral cells cut off small branches from their upper cell, these small branches are
monosiphonous are commonly called as Trichoblasts.

c
Central siphon -
Pericentral siphon-

Cortical cells ——*“‘2 QO_Q

Fig.4.6: A-B: Vegetative Structure of Polysiphonia. C-D: Cortical siphons, E-filament showing
central siphons, F-T.S of Siphonous

Reproduction
(a) Asexual Reproduction

By Tetraspore after the sexual reproduction.

(b) Sexual Reproduction
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It is of oogamous type. Sex organs are borne on fertile trichoblasts near the apex of the
thallus.

The spermatogonia (male reproductive part) are produced on the fertile trichoblast of the
male thallus in clusters.

Development of Spermatogonia

1.

2.

Each male trichoblasts divides dichotomously and usually both the branches become fertile.
These branches cut off pericentral cells; each pericentral cell behaves as spermatangial
mother cell at their free ends.

It produces a single non motile spermatium.

Stotile branch

Male
t richoblast

Nudleus

Proliferaling antheridium

Fig.4.7 Development of spermatangium

Development of Carpogonium

1.

The female reproductive organ (Carpogonium or Procarp) remains present on carpogonial
branch produced upon the gently reduced fertile branch of female thallus.

It consists of an upper long elongated trichogyne and the lower broadened structure
Carpogonia.

Carpogonium develop from a fertile pericentral cell which divides into an upper carpogonial
branch initial and basal supporting cell.

The upper cell of carpogonial branch elongates to form trichogynae while its basal region
broadens to form carpogonium in which female egg nucleus lies.
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Fig.4.8 Showing development of Carpogonium

4.3.5-Volvox

Taxonomic Position

Class: Chlorophyceae
Order: Volvocales

Sub- order: Chlamydomonadineae
Family: Volvocaceae

Genus: Volvox

Occurrence

The species are all fresh water forms. They are found in still waters of puddles, ponds and pools.
They are also found in temporarily formed ponds during rainy season. Sometimes the colonies
are found in such a great abundance that the whole water looks green in colour.

External Features

1. The colonies are motile and found in rolling condition in still fresh water.

2. The colonies are hollow, spherical or broadly elliptical. The cells are arranged in a single
layer towards periphery.

3. The number of cells in the coenobia of different species varies from 500 to 50,000. In V.
globator there are 1500-20,000 cells in each coenobium.

4. The inner hollow of the coenobium is filled up with mucilage.
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5. The complete coenobium remains surrounded by a delicate mucilaginous lamella.

The vegetative cells are of chlamydomonad type.

7. Each cell possesses a cup-shaped chloroplast. Each chloroplast contains a single pyrenoid. In
the cavity of cup-shaped chloroplast there lies a single nucleus surrounded by cytoplasm. The
cytoplasm contains several volutin granules.

8. There are 2-6 contractile vacuoles and one stigma on the lateral side in each cell.

9. The cells are biflagellate and remain interconnected by cytoplasmic plasmodesmata.

10. The cells look hexagonal from upper surface because of mutual compression.

11. Each cell is individually ensheathed by a gelatinous sheath.
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Fig.4.9: Volvox. A- colony, B- A part of colony C- Single cell

4.3.6-Cladophora

Taxonomic Position

Class- Chlorophyceae

Order- Cladophorales

Family- Cladophoraceae

Genus- Cladophora

Occurrence

Some species are marine and some are fresh water forms. Some species are found in streams,
ponds and lakes attached to some substrata by rhizoidal bases.

External Features

1. The plant body consists of branched filaments.

2. The basal branched rhizoids are attached to the substratum and act as holdfast.

3. The branching of thallus is always lateral. However, the branching appears to be
dichotomous because of a pushing aside process called ‘eviction’. The branches arise from
the upper ends of the cells.
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The cells are elongated and 3 to 20 times longer than the breath.

The cells are arranged end to end.

The cells wall is three-layered consisting of chitin, pectose and cellulose layers.
The septa are usually stratified.

There is a large central vacuole.

The dense cytoplasm is found in peripheral region of the cell.

10 The cell is coenocytic.

11. The chloroplast is reticulate and with many pyrenoid

© o N OA

Trichotomy . Pore

Fig.4.10: Cladophora sp. A- Portion of filament showing nature of branching. B- Filament cell
mergnified, C- Lower portion of filament, D- Structural details of cell, E- Finer branches with
zoospore primodia, F- Zoospore, G- Gamete

4.3.7 Oscillatoria

Taxonomic Position
Class:  Cyanophyceae
Order: Nostocales
Family: Oscillatoriaceae
Genus: Oscillatoria
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Occurrence

Oscillatoria is found in a wide variety of freshwater and sub —aerial habitats. The alga forms
extensive sheets along the muddy banks of river and ponds, rocky cliffs and on damp soil. It also
occurs in the form of a thin layer at the bottom of shallow ponds.

O.prolifica is a planktonic species and O. terebriformis is found in hot water springs O. Selina
and O. limosa occur in saline waters. O. rubescens forms dense deep- water blooms in temperate
lakes and ponds and its migration and colonization in deep water lakes is often associated with a
high level of eutrophication. Some species of Oscillatoria have specific colours.

Thallus Structure

Oscillatoria is an unbranched filamentous alga. The filaments occur signally or are matted
together to form thin or thick sheets. Each trichome is made up of many cells, arranged in
uniseriate fashion. There are no constrictions between adjacent cells. All cells of a filaments are
similar in a shape and structure. Their breadth is usually greater then their height, but species
with narrow trichomes have cylindrical cells. The trichome is slightly different at the anterior
end and shows a definite polarity. The free end is mostly rounded or convex but it is acuminate
in O. acuminata and O. brevis. In some species the apical cell of the filament carries a thickened
membrane, known as Calyptra. The above mentioned differences are due to variation in turgor
pressure of the animal cell.

The trychomes are naked or are enveloped in a thin gelatinous sheath.

Fig.4.11: Oscillatoria, A- Filament, B- Hormogonia, C- cells magnified to show nature of protoplast

Cell Structure

All cells of the trichome have similar structure. The cell is surrounded by a thin and firm cell
wall which lies external to plasmalemma. The wall is differentiated into 4 layered, each layered
is about 10 nm in thickness. In structure and composition of cell wall is similar to that of gram-
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positive bacteria. It is composed of mucopeptide together with carbohydrates amino acid and
fatty acid.

The cell exhibits a typical prokaryotic structure. The protoplast is differentiated into the
peripheral pigmented chromoplast and the central centroplasm. The chromoplasm consists
mainly thylakoids. The thylakoids are lamellate structures with two membranes joined at the
ends, and enclose an intra thylakoid of variable width. Photosynthetic pigments are found on the
surface of thylakoids. Thus membrane bound plastids, like those of eukaryotic cells, are absent.
The amount of c-phycoerythrin and c-phycocyanin is higher than any other pigment.

The central origin of the cell which consists of nuclear material is termed as centroplasm or
nucleoplasm. Although this region stains like the nucleus of eukaryotes and nuclear membrane
and nucleoi are absent. It is not sharply differentiated and commonly interfingers with the
peripheral chromoplasm.

4.3.8- Anabaena

Taxonomic Position
Class: Cyanophyceae
Order: Nostocales
Family: Nostocaceae
Genus: Anabaena

Occurrence

Anabaena is a planktonic alga, commonly found in fresh water ecosystem. Also it is not specific
to freshwater habitats, at it also grows in a wide range of temperature and salinity. In fact, many
blue- green algae have been found in alkaline hot springs, such as those in Yellowstone National
Park. These algae can survive in temperature up to 74 degrees. Also many species of Anabaena
have been found in and on top of the soil; such species are ecologically very important as they
function as primary colonizers and add nutrients to the soil.

Thallus Structure
Anabaena is a filamentous blue- green alga. It is distinguished mainly on the basis of
morphological characteristics, such as shape and size of trichomes, cell types, size and location
of heterocysts and akinetes and plane of division. According to Desikachary (1959) the genus is
identified on the basis of the presence of uniform uniseriate trichomes. The trichomes are
oriented more or less parallel, almost of the same width throughout or are slightly narrowed at
the ends; there are both solitary and colonial forms, the later resembling the closely related genus
Nostoc. The cell may show deep constriction across walls and appears like strings of beads. The
trichomes are not covered by firm sheath, but sometimes a hyaline, soft mucilaginous sheath may
cover the trichomes.

Anabaena generally grows in long filaments of vegetative cells. However, when
environmental nitrogen is low, approximately one cell out of every ten differentiates into a
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heterocyst. Heterocyst supplies fixed nitrogen to the neighbouring cells in return for the products
of photosynthesis it receives from them. Heterocysts cannot perform photosynthesis.

Separation in the functions of vegetative cells and heterocysts is essential because the
nitrogen fixing enzyme in the heterocysts- the nitrogenise does not function in the presence of
oxygen. As it is essential to keep nitrogenase isolated from oxygen, heterocysts have developed
structures to maintain low levels of oxygen in the cells. To prevent the entry of oxygen into the
cells, the developing heterocyst builds three additional layers outside the cell wall.

Vegetative cell
Akinete

Fig.4.12: Anabaena

Akinetes
Akineres are larger than vegetative cells which may appear spherical to sausage- shaped. In the
trichome the akinetes may develop close to heterocysts or at a distance from them. Occasionally,
akinetes develop in crenate series. The relatively thick wall of akinetes helps them to tide over
unfavourable condition such as drought and low temperature. When conditions are favourable its
protoplasm becomes active and grows into new trichome.

Anabaena species produce several kinds of toxins. Of those, anatoxins cause ‘tetanus-like’
muscle paralysis and microtoxin, whose mechanism of action is consistent with certain known
carcinogens.

Nitrogen fixation by Anabaena

During times of low environmental nitrogen, about one cell out of every ten will differentiate
into a heterocyst. Heterocysts then supply neighbouring cells with fixed nitrogen in return for the
products of photosynthesis. Such nitrogen fixing cell now cannot perform photosynthesis. This
separation of functions is essential. The nitrogen fixing enzyme in heterocysts is nitrogenase. It is
unstable in the presence of oxygen. Nitrogenases are kept isolated from oxygen. Therefore,
heterocysts have developed elements to maintain a low level of oxygen within the cell. The
developing heterocysts build three additional layers outside the cell wall. These layers prevent
the entrance of oxygen into the cell.
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It gives heterocysts its characteristic enlarged and rounded appearance. Due to this
adaptations, the rate of oxygen diffusion into heterocysts in 100 times lower than of vegetative
cells.

4.3.9-Spirulina
Taxonomic Position
Class: Cyanophyceae
Order: Nostocales
Family: Oscillatoriaceae
Genus: Spirulina

Occurrence

Spirulina occurs in a wide variety of fresh water habitats, often found densely entangled with the
Oscillatoria filaments. Some species are found in brackish water, and can tolerate high salt
concentrations e.g., S. subsalsa can grow and multiply in solutions that are more concentrated
than 3M sodium chloride solution.

It is a traditional food source in plants of Africa and Mexico. Spirulina is a rich source of
vitamins, minerals and protein, and also contains vitamins B1. It is now being widely studied for
its positive antiviral, anticancer, antibacterial and antiparasitic properties. It is also used in such
medical conditions as allergies, ulcers, anaemia and heavy metal poisoning. It is also used in
weight loss programmes.

Thallus Structure

It is unicellular alga. The trichome consists of a single, cylindrical cell, wounded into a loose or
close helix. The cell is differentiated into a peripheral pigmented chromoplasm and a central
centroplasm. Cyanophycin granules are, however, absent.
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Fig.4.13 Spirulina
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Movement

Spirulina shows spontaneous movements. The motion is usually creeping or gliding in the
direction of the longitudinal axis and may take place both backward and forward. In some
species, gliding movement is accompanied by the rotation of the trichome, taking place in the
direction of coiling.

4.3.10- Scytonema

Taxonomic Position
Class: Cyanophyceae
Order: Nostocales
Family: Scytonemataceae
Genus: Scytonema

Occurrence

This filamentous blue- green alga includes about 40 freshwater or terrestrial species. They are
found in brackish water, stagnant freshwater ponds, as well as on the moist soil, tree- barks and
walls in the form of bluish-grey scum. S. caldarium has been reported from hot springs and S.
ocellatum is the most common terrestrial species. The terrestrial species have a tremendous
capacity of absorbing moisture from the atmosphere. About 33 species of Scytonema are
recorded form India.

Thallus structure

The plant body is filamentous, and the filaments intertwine to form a scum of bluish-green,
blackish-green or yellowish-green colour. Each filament, made up spherical, oval or squarish
cells, is surrounded by an individual mucilaginous sheath. The sheath may be hyaline or
coloured, smooth, homogeneous or lamellated. The terrestrial species, in particular, possess
pigmented sheaths due to the presence of a pigment, scytonemin.
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Fig.4.15- Thallus Structure

[A] Cell Structure

The cell shows a typical cyanophycean structure. The cell wall is typically polymeric in nature,
composed of mucopolypeptides and muramic acids. The protoplast is differenciated into the
peripheral pigmented chromoplast. The chromoplast is differenciated into the peripheral
pigmented chromoplasm and the central centroplasm, in addition to chlorophyll a, the
centroplasm is relatively dense and it represents the nucleus of the cell. It does not have the
limiting nuclear membrane and nucleous.

[B] Branching

A characteristic feature of Scytonema is the presence of false branches, which are formed by the
breaking of the filament. When a filament breaks, one or both the broken ends protrude out of
the mucilaginous sheath and grow like branches; if both the broken ends come out of the sheath
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and grow like branches, it is called germinate branching, and if only one, then it is said to be
false branching.

The false branches are formed by the following methods:

(1) By loop formation: Certain parts of the filament increase in length due to rapid cell division.
Such localized growth result in loop formation that protrudes through the sheath. Eventually the
loop breaks in the middle, cell division continues and two false branches are formed.

(i) By formation of a sepration disc: Sometimes one of the intercalary cells becomes dark
coloured due to the diffusion of chromatophores in the protoplast, and its cell wall becomes thin.
The cell forms a biconvex separation disc due to the pressure of the adjacent cell. The disc
ultimately degenerates, resulting in the breaking of the trichome. One of the broken ends
protrudes through the sheath as false branch.

(iii) By rupture of filament near the intercalary heterocysts: In trichomes with intercalary
heterocysts a zone of weak adhesion lies where the vegetative cell and the heterocyst abound
each other. If the trichome breaks on one side of the heterocyst, a single branch is formed and if
it breaks on both the side of the heterocyst, the branching is called germinate.

(iv) By degeneration of one or more intercalary cells: This is very common method of the
formation of false branches. The apical cell remains active for sometime and then degenerates.
Thereafter, the sub — apical cell functions as apical cell. Besides the apical and sub- apical cells,
some intercalary cells also divide transversely and add to the growth of the trichome.

4.3.11-Rivularia

Taxonomic Position
Class- Cyanophyceae
Order- Nostocales
Family- Rivulariaceae
Genus: Rivularia

Occurrence

Rivularia is found in a wide variety of fresh water and terrestrial habitats. It grows on damp soil
near river beds, moist rocks, or even epiphytically on some submerged plants. R. Atra is found in
salt marshes, and species like R.bullata, and R.polyotis occur in supra- littoral and upper
intertidal zones of sea coasts.

Thallus Structure

The unbranched trichomes of Rivularia are arranged in a radial fashion to form a spherical,
hemispherical or irregular colony. The radial arrangement of trichomes in a colony is due to
repeated false branching in their basal portions. The evidence for false branching is found only in
young colony and is lost in a mature colony due to large displacement of trichomes. The
trichomes in a colony remain partially or completely surrounded by a confluent sheath. The
sheath is of very firm consistency, tough and very frequently heavily encrusted with lime.
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Fig.4.16 Rivularia sp.
Cell Structure
The cell exhibits a typical cyanophycen structure. The mucilagenous components of the cell wall
contain arabinose and glucose. The protoplast is differentiated into a peripheral pigmentated
chromoplasm and a central centroplasm. The chromoplasm contains important phycobilin
pigments, c-phycoerythrin and c-phycocyanin. The centroplasm is relatively dense and
represents the incipient nucleus of the cell.

Growth

The growth of the trichome in Rivularia is trichothallic. It takes place by the activity of
meristematic cells in the intercalary meristematic zone located at the base of the terminat hair.
The meristematic cells are comparatively small in size and have denser granular contents.

Reproduction

1. Rivularia reproduces vegetatively by the formation of hormogonia and rarely by the heterocyst
which gives rise to new trichomes on germination. At the time of formation of hormogonia, the
trichome usually sheds its hair.

2. Sexual reproduction is not known.

3. The delimitation of hormogonia starts in the meristematic zone and gradually proceeds
towards the basal portion of the trichome.

4. Hormogonia are formed either singly or in series. In latter case, they are separated by
biconcave separation discs.

5. At the time of germination, on of the two end cells of a harmogonium is modified into a basal
hetrocyst, and the other cell divides repeatedly in a single plane to form a long trichome.

6. Rivularia can be differentiated from Gloeotrichia in the absence of akinetes.
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4.5 SUMMARY

The word alga represents a large group of different organisms from different phylogenetic
groups, representing many taxonomic divisions. In general algae can be referred to as plant-like
organisms that are usually photosynthetic and aquatic, but do not have true roots, stems, leaves,
vascular tissue and have simple reproductive structures.

The algae have chlorophyll and can manufacture their own food through the process of
photosynthesis. Recently they are classified in the kingdom of Protista, which comprise a variety
of unicellular and some simple multinuclear and multicellular eukaryotic organisms that have
cells with a membrane-bound nucleus. The main groups of algae are

Chlorophyta division of the kingdom of Protista consisting of the photosynthetic organisms
commonly known as green algae. The various species can be unicellular, multi-cellular,
coenocytic (having more than one nucleus in a cell), or colonial.

Phaeophyta phylum of the kingdom Protista consisting of those organisms commonly called
brown algae. Many of the world's familiar seaweeds are members of phaeophyta.

Rhodophyta phylum of the kingdom Protista consisting of the photosynthetic organisms
commonly known as red algae. Members of the division have a characteristic clear red or
purplish color imparted by accessory pigments called phycobilins. The red algae are
multicellular and are characterized by a great deal of branching, but without differentiation into
complex tissues.

4.6 GLOSSARY

Akinete - a thick-walled, resting, vegetative cell that can withstand environmental stresses such
as temperature (asexual reproduction)

Alga(e)- Primitive, often aquatic, plants that carry on photosynthesis but lack the flowers, roots,
stems, and leaves of higher plants.

Algal bloom — High concentrations or densities of algae.

Allopathy — The suppression of growth of an organism by another due to the release of a toxic
substance.

Autospore - internal spore formed by cell division within a mother cell forming a replica of the
mother cell, not flagellated (asexual reproduction)

Autotrophic — Organisms such as plants and some bacteria which produce their own food from
inorganic substances such as carbon dioxide and inorganic nitrogen.

Benthic — Pertaining to the sea floor.

Benthos — The floor of a sea or ocean; also includes the bottom-dwelling organisms that live
there.

Centric diatom - radially symmetric diatom; compare to pennate diatoms

Chlorophyte — A green alga.

Chloroplast — The structure in a plant or algal cell that contains chlorophyll.

UTTARAKHAND OPEN UNIVERSITY Page 101



LABORATORY PRACTICAL-I MSCBOT-505

Conjugation - sexual fusion of two ameboid cells (motile is from ameboid movement not
flagella). Two types

Cyanobacteria — Blue-green bacteria, sometimes called blue-green algae.

Cytotoxicity — The characteristic of being toxic to living cells.

Diatom — Single-celled algae, mostly photosynthetic, that form silica cell walls, can grow singly,
in chains or in simple colonies.

Dinoflagellate: a single-celled organism found in fresh and marine waters with characteristics
of both plants (e.g., photosynthesis) and animals (e.g., uses outside organic sources of nutrition).
Many harmful algal blooms are caused by dinoflagellates.

Ecosystem — Organisms of a natural community together with the environment.

Eutrophication — The excessive addition of nutrients, which spurs accelerated algal growth,
creating more plant biomass than the ecosystem is capable of using.

Flagellate — Flagellates are single-celled Protista with one or more flagella, a whip-like organelle
often used for propulsion.

Frustule - cell wall of a diatom

HAB — Harmful Algal Bloom.

Herbivory — The consumption of plant material.

Heterotrophic — Organisms that obtains nourishment from the ingestion and breakdown of
organic matter such as plants and animals.

Hydrolysis — Chemical reaction of a compound with water, usually resulting in the formation of
one or more new compounds.

Hypotheca - the large or lower valve of a diatom cell wall (frustule)

Light attenuation - The decrease in light intensity as a result of absorption of energy and of
scattering due to particles in the water.

Microflagellate - Small protists that can be photosynthetic or heterotrophic.

Micrometer (um) or micron — One millionth of a meter (1 inch = 25,400 um). 1 millimeter =
1000 microns.

Micronutrient - Nutrient required in relatively small concentrations such as trace organics,
metals and chelators.

Microphytoplankton — Small, plant planktonic organisms in a size range 20 — 200 microns.
Microplankton - Small, single-celled planktonic organisms in a size range 20 — 200 microns.
Photosynthesis - The physicochemical process by which plants, algae and some bacteria can
utilize the energy of sunlight to power the biosynthesis of organic molecules, using carbon
dioxide as the carbon source.

Phylogeny - The history of the development of a species of related organisms.

Phytoplankton - Microscopic, photosynthetic plants that are suspended in the water column.
Phytosterol or plant sterols — are found in all living plants and are natural constituents of the
human diet.

Picoplankton - Very small, single-celled planktonic organisms (plants or animals) in a size
range 0.2 - 2.0 microns.
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Protista - A group of simple organisms not distinguished as animals or plants, though having
some characteristics common to both.

Pseudoraphe - clear line down the middle of a diatom created by the lack or ornamentation
Raphe - linear slit in the valve

Spore - asexual reproductive cell

Tropic level - Any of the feeding levels through which the passage of energy through an
ecosystem process.

Zooplankton - Microscopic animals that are suspended in the water column.

Zoospore - a flagellated spore (asexual reproduction)

4.7 SELF ASSESSMENT QUESTION

4.7.1 Multiple Choice Questions:
1-Gametes formed by meiosis are called
(a) Coenogametes (b) Meiogametes
(c) Mitogametes (d) None of these

2- Which one is a parasitic algae?
(a) Vaucheria (b) Polysiphonia
(c) Cephaleuros (d) Batrachospermum

3-Algal cell wall is composed of
(@) Chitin (b) Cutin
(c) Cellulose (d) Suberin

4-An example of agarophyte is
(a) Dictyota (b) Fucus
(c) Nostoc (d) Gelidium

5-Algae which form motile colony is
(a) Volvox (b) Nostoc
(c) Spirogyra (d) Chlamydomonas

6- Sporophytic generation is represented by zygote only in
(a) Funaria (b) Chlamydomonas
(c) Pinus (d) Selaginella

7- In biotechnological studies, the alga that is exploited as a rich source of protein is
(a) Spirogyra (b) Spirulina
(c) Chlamydomonas (d) Scytonema
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8- More than one pyrenoid is present in
(a) Ulothrix (b) Spirogyra
(c) Oedogonium (d) All the above

9- The non-motile, greatly thickened asexual spores are called
(a) Hypnospores (b) Aplanospores
(c) Macrozoospores (d) Microzoospores

10-Which one of the following statements concerning the algae is wrong
(a) Most algae are photosynthetic ~ (b) Algae can be classified according to their pigments
(c) All algae are filamentous (d) Spirogyra does not produce zoospores

11- Which among the following do you consider as the best evidence to show that two species of
algae are closely related?

(a) They both respire and release CO2 (b) They both are found in the same habitat
(c) They both reproduce asexually (d) They both have same type of pigments

12- Algae are important, we should study algae because

(a) They are good organisms to experiment with

(b) They can be grown in large tank cultures

(c) They may form important constituent of human food (diet) in future
(d) They produce oxygen and organic acids

4.7.1 Answer Key: 1-(b), 2-(c), 3-(c), 4-(d), 5-(a), 6-(b), 7-(b), 8-(d), 9-(a), 10-(c), 11-(d), 12-
(c)
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4.9 TERMINAL QUESTIONS

4.9.1 Long answer type Questions:

o k~wdpE

Vaucheria is almost like a phycomycetous fungus but has chromatophores. Why?
Discus the important features of sexual and asexual reproduction in Vaucheria.
Give an illustrated account of life-cycle of Chara?

Why Chara is considered an alga?

Give an account of thallus structure and life-cycle of Batrachospermum?

Give the structure and life history of Polysiphonia?
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7. Give an illustrated account of the vegetative structure and methods of reproduction in
Volvox?

8. Describe the vegetative structure and mode of branching in Cladophora?

9. Explain the method of growth and movement in Oscillatoria?

10. Write a note on economic importance of Anabaena?

11. Method of false branching in Scytonema with the help of labeled?

12. What is Gaidukov phenomenon?
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UNIT-5 MORPHOLOGICAL STUDY OF
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5.1 OBJECTIVE

After reading this unit students will be able-
e To observe two different species of green algae.
e To draw diagram and compare these green algae to each other.
e To observe an example of brown and red algae and compare them to green algae.

5.2 INTRODUCTION

Algae are classified into four major groups (Palmer 1962): Blue-greens, Greens, Diatoms and
Flagellates.

Blue Greens (Known as Cyanobacteria)

It comes under the Division Cyanophyta, Kingdom Eubacteria. They are referred to as algae but
are actually photosynthetic bacteria that appear like true algae. They are mostly single-celled
organisms or aggregations of single-celled organisms (planktonic). Planktonic algae generally do
not adhere together in a mass, in that you could not easily grab a handful or mass of these
organisms. Some species, such as Nostoc, are gelatinous masses that can be picked up.
Anabaena, Aphanizomenon, Oscillatoria and Mycrocystis often dominate plankton communities
and are notorious for producing potentially toxic blooms in fresh waters (only certain species
produce toxins).

Greens include species from the Division Chlorophyta (Green Algae). They are morphologically
diverse (micro and macroscopically). Microscopically, they can be uni- or multi-cellular,
colonial, have branched or unbranched filaments and vary in size. Macroscopically, they can be
planktonic, filamentous or found attached to objects (epiphytic).

Diatoms include species from the Class Bacillariophyta, of the Division Chrysophyta. They are
often too small to see with the naked eye. Many are single celled, and less often colonial or
filamentous.

Flagellates include species from various Divisions (including Chrysophyta, Euglenophyta, and
Pyrrhophyta) that are motile, i.e. they have whip-like tails called flagellae.

5.3 PROCEDURE

Samples are in liquid, use a pipette to remove just a little alga to a slide, and cover with a cover
slip. Remove excess liquid with a tissue, so that the cover slip is not floating.

Material’s are-

e Chlorella

e Hydrodictyon

e Oedogonium
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e Ulva

e Nitella

e Botrydium
e Ectocarpus
e Dictyota

e Laminaria
e Fucus

e Gelidium

e Gracillaria
*Wherever possible, collect specimens from the ocean for use in the lab.

Part A: Green Algae

1. Prepare a wet mount of preserved Algae for viewing under the microscope.

2. Observe the algae under both low and high power objective lenses.

3. Draw Diagram of one or two cells of Algae in the space provided. Note the shape of its
chloroplasts. Use high power to draw the algae.

4. Label these parts on your diagram: cell wall, green chloroplast, nucleus, and single cell unit.

5. Describe the shape of the chloroplast.

6. Describe the colour of its chloroplast.

7. Describe the complete shape of the algae.

Part B: Red and Brown Algae

Most red and brown algae grow in marine habitats. Most red and brown algae are multicellular
and all have nuclei within their cells. They are often found clinging to rocks along the ocean
shores by a special structure called a holdfast. For this part of the lab you will need to find
samples of red and brown algae.

5.3 STUDY OF REPRESENTATIVE MEMBERS OF ALGAE

5.3.1- Chlorella
(Chlor, green; ella, diminutive of affection)

Occurrence

Almost all species are fresh water and found in ponds and lakes. Species of Chlorella grow in
wide variety of habitats.

They occur in fresh water, brackish water and also in terrestrial habitats. Most of the species are
free living, but some grow within the cells and tissues of invertebrates, forming symbiotic or
parasitic association.
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Chlorella parasitica occurs as a parasite in Spongilla and Ophryodium; C. conductrix forms
symbiotic association with invertebrates like Hydra, stentor and paramecium and C. lichina is an
algal symbiotic partner of a lichen-Calicium chlorina.

The genus has about 8 species-Chlorella parasitica, Chlorella ellipsoidea and C. gonglomerata
are common Indian species.

External Features

1. This is a unicellular non- motile alga.

2. The cell is small and globose. The cell wall is made up of cellulose.

3. Each cell is surrounded by three layered cell wall. The outer layer consists of mucilage, the
middle layer of pectose and innermost of cellulose.

4. Each cell contains a cup shaped chloroplast usually without pyrenoid.

The cup-shaped cavity of chloroplast is filled with colourless cytoplasm.

6. The cytoplasm has single nucleus and other cell organelles like Endoplasmic reticulum,
Mitochondria, Golgi bodies and Vacuoles.

7. The cell is uninucleate. The contractile vacuoles are not found.

8. The cells lack any type of flagella. Change in environmental condition s like duration,
intensity and quality of light, temperature and chemical composition of growth medium
greatly influence microbiology of chloroplast.

o1

Chloroplast
Nucleus
/ Cell wall

% - Golgi body

\\. Mitochondrion
—Chloroplast

membrane
=] amellae

7~ Cytoplasm

~Nuclear

membrane
“Pore

Fig.5.1:- A-B. Chlorella: A. Cell structure under light microscope. B. Cell structure under electron
microscope.
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5.3.2- Hydrodictyon
(Hydro, water: dictyon, net)

Identification and Systematic Position

Algae

(1) Chlorophyll bearing organisms.

(if)Unicellular sex organs or multicellular ones in which every cells forms a gamete.
(ii) Autotrophic in nutrition.

Chlorophyceae

(1) Chlorophyll present within chloroplast.
(i) Photosynthetic food product is starch.
(iii) Both the flagella are equal in length.

Chlorococcales

(i) The forms may be unicellular or coenobial.

(i) Asexual reproduction takes place by means of zoospores, aplanospores, hypnospores,
autospores, palmella stage and resting cells.

Hydrodictyaceae
(i) They form floating coenobia by union of their cells.
(i) Sexual reproduction is isogamous.

Hydrodictyon
(i) Free floating cylindrical network.
(ii) Meshes of net and hexagonal or pentagonal

Occurrence

Hydrodictyon is commonly known as water net. It is free floating fresh water alga. It grows
luxuriantly during late summer and spring season and sometimes almost completely covers the
pond. The genus is represented by 5 species. Hydrodictyon indicum and H. reticulatum are
common Indian species which occurs in temporary or permanent water reservoirs.

External Features

The coenobium is free floating hollow cylindrical network, closed at either end reaching a length
of as much as 20 cm. mature coenobium is sausage shaped and hollow in center.

H. indicum lyenger is larger form with bigger cells and meshes and thicker lamellated walls.
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The meshes are pentagonal or more usually hexagonal, the angles being formed by the union of
three of the elongate multinucleate cells.

Cell Structure

1. The cell is cylindrical, multinucleate and possesses a large central vacuole.

2. The lining layer of cytoplasm contains a nuclei and complex reticulate chloroplasts with
many pyrenoids.

3. The young cells contain a single nucleus but the older cells become coenocytic.

Cell wall

hloroplast

}_;}Nuclei
g

Fig.5.2: Hydrodictyon- Vegetative structures, A- A part of net; B. Hexagonal mesh; C. A cell

5.3.3- Oedogonium

Identification and systematic position

Algae

() Chlorophyll bearing organisms.

(i) Unicellular sex organs or multicellular ones in which every cell forms gametes.
(iii) Autotrophic in nutrition.

(iv) Cellulose cell wall.

Chlorophyceae

(i) Chlorophyll present within chloroplasts and photosynthetic product is starch.
(i) Usually pyrenoids present within chloroplasts.

(iii) Both flagella are equal in length.

Oedogoniales

(i) The thallus is filamentous which may be branched (e.g., Oedocladium and Bulbochaete) or
unbranched (e.g., Oedogonium)

(i) The cells are uninucleate, cylindrical and placed end to end.

(iii) There is special type of cell division and ‘caps’ are formed.
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(iv) Stephanokontean type of motile bodies are formed i.e., zoospores and antherozoids bear a
circle of flagella.
(v) Sexual reproduction is oogamous.

Oedogoniaceae
Single family. Characteristics of the order

Oedogonium

(1) The filaments are present.

(ii) Special type of cell division present. Caps are present.
(iii) Well developed holdfast.

(iv) Dwarf males present.

Occurrence

It is exclusively fresh water in habit. The young filaments are found to be attached to some
substrate. On maturity the filaments become free floating. Sometimes they are epiphytic upon
other large size fresh water algae.

External features

1. The filaments are long and unbranched.

2. The basal cells of the young filament is devoid of chlorophyll and attached to some
substratum is called the holdfast.

3. The terminal cell of the filament is broadly rounded at its apex.

The intercalary cells are cylindrical, uniform in thickness and arranged end to end.

5. The cells possess one or more striations at their apical ends called ‘apical caps’.

&

| ?
‘§.\ ,,y—Hold fast
—= &

Fig.5.3: Oedogonium filament
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Cell structure

1. The cells are cylindrical and covered with well defined three layered cell walls.

2. The outer layers consist of chitin, the middle of pectose and the innermost of cellulose.
3. Each cell contains a nucleus situate in the peripheral cytoplasm of the cell.
4

The chloroplast is reticulate and contains pyrenoids at its anastomoses. Each pyrenoid is
surrounded by a starch sheath.

Cap

Pyrenoid

Nucleus

e ——

———— e

Fig.5.4:- Oedogonium A- young cell, B-mature cell

Macrandrous species: In such species the oogonia and anthredia may be developed on
the same filament or on two different filaments. The anthredia are either terminal or intercalary.
The protoplast of each anthredium metamorphoses in a single antherozoid.

Nannandrous species: The anthredia in such species are produced on special ‘dwarf
males’ or ‘nannandria’. Majority of the nannandrous species are heterothallic, i.e., oogonia are
produced on the ordinary filaments and anthredia on special filaments called ‘dwarf males’ or
nannandria. The dwarf males are produced by the germination of androspores. Dwarf male is
composed of a basal, long and sterile cell, which attaches the whole structure to the cell wall. It
had disc or finger like structure at its base.

1. The oogonia of both the species are quite similar in structure. The oogonium is rounded or
ovoid in structure.

2. On maturity a hyaline spot develops at the upper end of the oogonium. Each mature
oogonium contains a large spherical egg cell in it.

5.3.4- Ulva

Identification and Systematic Position
Algae

(1) Chlorophyll bearing organisms.
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(i) Unicellular sex organs or multicellular ones in which every cell forms a gamete.
(iii) Autotrophic in nutrition.

(iv) Cellulose cell wall.

Chlorophyceae

(1) Chlorophyll present within chloroplast and photosynthetic food product is starch.
(if) Usually pyrenoids present within chloroplasts.

(iii) Both the flagella are of equal length.

Ulotrichales

(1) They may be unbranched filaments (Ulotrichaceae) or thalloid sheet like structures (Ulvaceae)
(if) Asexual reproduction mainly by zoospores.

(iii) Sexual reproduction ranges from isogamy to oogamy.

(iv) The chloroplasts may be girdle like, ring like, stellate, cuplike or plate like.

Ulvaceae

(i) The thallus is either an expanded sheet one or two cell in thickness (Ulva) or a ribbon like
structure two or more cells in thickness (Enteromorpha).

(i) The cells are uninucleate and possess a single cup shaped or laminate chloroplast.

(iii) Asexual reproduction by quadriflagellate zoospores and sexual ranges from isogamy to
oogamy.

Ulva

(i) The expanded sheet of thallus is composed of two vertical rows of cells.

(i) The rhizoids emerge from thallus near the point of attachment to the substratum and become
closely intermingled to one another forming a pseudoparenchymatous holdfast.

Occurrence
Most of the species are exclusively marine. This is also known as ‘sea lettuce’, commonly found
in the mid-tidal zone and frequently grows profusely in waters polluted by sewage.

External Features

1. The thallus consists of a large expanded sheet two cells in thickness and frequently several
metres in length.

2. The thallus remains attached to substratum by a holdfast composed of rhizoidal outgrowths
from the lower cells.

Cell Structure
1. Cells are isodiametric or vertically elongated to the thallus surface the walls of cells being
more or less confluent with one another to form tough gelatinous matrix.
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2. Each cell possesses a single cupshaped chloroplast which lies next to the outer face of the
cell. Each chloroplast contains one pyrenoid.

3. The cells are uninucleate.

4. In the lower portion of the thallus certain cells send out long colourless rhizoids. The
emerging points of rhizoids are green, transversely septate and multinucleate.

Thallus

Undulate
margin

Holdfast
5cm

Fig.5.5: Ulva sp.
5.3.5- Nitella

Identification and Systematic Position

Algae

(1) Chlorophyll bearing organisms.

(i) Unicellular sex organs or multicellular ones in which every cell forms a gamete.
(iii) Autotrophic in nutrition. Cell wall made up of cellulose.

Chlorophyceae

(i) Chlorophyll present within chloroplast. Photosynthetic food product is starch.
(i) Usually pyrenoids present within the chloroplasts.

(iii) Both flagella are of equal length.

Charales

(i) They survive best in hard and clear water.

(i) The plant body is erect and is differentiated into nodes and internodes.
(i) The male and female fructifications are known as ‘globule’ and ‘nucule’.

Characeae
Single family, Characteristics of the order.

Nitella
(1) Intermodal cells are without cortex.
(i) Nucule is present below the globule.
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(iii) The nucule bears a ten celled corona at its apex.

Occurrence: The species of Nitella are commonly found in clear and fresh waters. They are
submerged and found in much deeper water than Chara.

External Features

1.
2.

10.

11.

12.

The thallus can be easily recognized with unaided eye. It is multicellular and branched.

The plants look like the small plant of Equisetum, because of the presence of lateral branches
at the nodes.

The thallus is differentiated into (a) lower rhizoidal portion and (b) the erect and branched
main axis.

The plants remain attached to the muddy soil by means of rhizoids. The rhizoids are
multicellular and branched.

The rhizoids are given out from the lower most nodes of the main axis. They possess oblique
septa.

A quadrant of cells is found at the cross wall of each cell from where the rhizoids are given
out. This quadrant is also called rhizoidal plate.

The main axis consists of nodes and internodes arranged alternately. The internodes are long
and unicellular whereas nodes are short and multicellular.

Intermodal cells do not possess cortex.

The node of main axis bears branches of limited and unlimited growth in whorls. The
branches of limited growth are known as short laterals and the branches of unlimited growth
are long laterals.

The branches of limited growth bear nodes and internodes, the nodes bearing unicellular
branches known as stipules. The tip of short lateral is tapering.

The branches of unlimited growth arise from the node of main axis. They are of similar
structure as that of main axis. They possess large number of nodes and internodes than found
on the short laterals.

Two or three long laterals are produced from each node of the main axis.

gk\\@%.
\;,—- Internode

Leaves
, Crown

Fig.5.6: Nitella sp. A- Habit, B-Arrangment of globule and nucule, C- Nucule
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Cell Structure

1. The intermodal cell remains covered by a distinct cellulose cell wall.

2. There is a peripheral cytoplasmic layer and a large central vacuole. A single nucleus remains
embedded in the cytoplasm. Numerous discoid chloroplasts are irregularly dispersed in the
cytoplasm. The chloroplasts are without pyrenoids.

5.3.6- Botrydium

Identification and Systematic Position

Algae

(1) Chlorophyll bearing organisms.

(i) Unicellular or multicellular sex organs in which every cell forms a gamete.
(ii) Autotrophic in nutrition. Cell wall made up of cellulose.

Xanthophyceae

(1) Yellowish green chromatophores.

(i) Food reserves-leucosin and oil. Starch absent.

(iii) Flagellation two unequal flagella at the anterior end of motile body.

Heterosiphonales
All members multinucleate, siphonaceous and multicellular.

Botrydiaceae
Characteristic features of the Heterosiphonales.

Botrydium
The thallus remains differentiated into vesicle and rhizoids.

Occurrence: It is terrestrial in form. It grows on damp soils, drying muddy banks of streams,
pools, ponds, and rivers.

External Features

1. The plant body is unicellular.

2. It has two different parts-(a) the aerial part is rounded 1 to 2 mm in diameter and contains
typical xanthophycean type of chromatophores. (b) The rhizoidal portion found embedded in
the mud is colourless and branched.
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Assimilators

S

Fig.5.7:- Different species of Botrydium: A- divisum B- granulatum C- tuberosum

A ; B

Cell Structure

1. The outer vesicular portion has a tough wall. Just beneath this wall there is a thin cytoplasmic
layer.

2. Several nuclei and chromatophores are embedded in this thin lining of cytoplasm.

3. The chromatophores are discoid and many and remain connected to each other by
cytoplasmic strands.

4. Pyrenoids are found in the chromatophores of young plants.

5. The rhizoidal system has no chromatophores but numerous nuclei are found in its cytoplasm.

6. The rhizoids hold the mud or damp soil firmly.

5.3.7- Ectocarpus

Identification and Systematic Position

Algae

(1) Chlorophyll bearing organisms.

(i) Unicellular or multicellular sex organs in which each cell forms gametes.
(iii) Autotrophic in nutrition. Cellulose cell wall.

Phaeophyceae

(i) The chromatophores are yellowish brown in colour.

(ii) The reserve food products are alcohol, mannitol and laminarin.
(iii) The unicellular bodies are unknown.

Ectocarpales

(i) Branched, heterotrichous filamentous thallus with tricothallic growth.

(i) The reproductive elements may be terminal or intercalary, borne singly or in chains.
(iii) The plant itself is sporophyte bearing unilocular and plurilocular sporangia.

(iv) Isomorphic alternation of generations.
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Ectocarpaceae

(1) Plant body branched, branches uniseriate.

(i) Sporangia terminal or intercalary.

(ii) Sporophytes bear uni or plurilocular sporangia.

Ectocarpus
(1) Chromatophores discoid or band like.
(if) Naked pyrenoid like bodies present.

Occurrence: They are marine and species are commonly found in colder seas of temperate and
polar regions. They are very common along the Atlantic coast. The plants occur attached to the
rocks in the littoral and sublittoral zones. Many species are epiphytic on the sea weeds. For
example E.romentosus grows upon the species of Fucus.

External Features

1. The plant body is filamentous and heterotrichous. It is differentiated into prostrate and erect
thalli.

2. The prostrate portion is found to be attached to the substratum and remains creeping on it.
The branches of erect portion arise from the prostate portion.

3. The prostrate portion of the plant is much branched than of the erect portion.

The ultimate branches of erect portion are generally thin and pointed.

5. The cells of branches of erect portion are uniseriately arranged end to end. The branching is
always lateral and the branches arise just beneath the septa.

&

sporangium
Unilocular

sporangium Chromatophore

Fig.5.8: Ectocarpus thallus A- External features B- Part of thallus C- A cell
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Cell structure

1. The cells are small, cylindrical, uninucleate and with a few band shaped chromatophores of
irregular shape. Sometimes the cell contains many discoid chromatophores.

2. The protoplast is differentiated into nucleus and cytoplasm.

3. The cell wall is thick and consists of three pectic cellulose layers. The cell wall is
mucilaginous.

4. Naked pyrenoid-like structures are present in the golden brown chromatophores.

5.3.8- Dictyota (like a mat)

Occurrence

They are widely distributed in warm seas of tropics. Usually the thalli remain attached to rocks
in tide pools by a holdfast.

External features

1. The plant body consists of a strap like thallus ten to twenty cm. Long. The thallus is
dichotomously branched.

2. The thallus branches repeatedly, each division giving rise to two equal branches.

3. The basal portion of the thallus from a disc like branched holdfast by which the thallus
remains attached to the solid substrata.

4. The strap like thallus consists of rectangular cells arranged in a singular layer, with a
superficial of smaller cells on each side of thallus.

5. Smaller tufts of hairs develop from scattered group of these surface cells.

6. In transverse section the thallus is seen to be composed of three layers, a central one of large
cells and upper and lower epidermis of small assimilatory cells from where groups of mucilage
hairs arise

Stipe

Fig.5.9: Dictyota. Surface View of Thallus Apex
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Fig.5.10: Dichomotomous Branching in Thallus

5.3.9- Laminaria (a thin plate)

Occurrence: This is exclusively marine and occurs in shallow cold waters along rocky shores
but just below the low tide level.

External and internal structure

1. The plant is a sporophyte which remains differentiated into a holdfast, stipe and blade.

2. The holdfast may be a solid disc but it usually consists of forked root like branches known as
heptera.

3. The stripe found above holdfast is always unbranched and either cylindrical or somewhat
flattened.

4. The stripe terminates into a single blade which maybe entire or vertically incised into a
number of segments.

5. Both stipe and lamina in transverse section show a sepration into three distinct zones, although
these zones are more clearly marked in the stipe because of its greater thickness.

6. These three zones are epidermis, the cortex and medulla.

7. The epidermis is composed of one or two layers of small cubical cells containing many
chromatophores.

8. In many species the cortex may contain mucilage ducts which form an anastamosing system of
canals filled with mucilage.

d Young
|"sporophvte

Fig.5.11: Laminaria sp. A-F- Stages in development of sporophyte
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5.3.10- Fucus

Occurrence: This is a marine alga and occurs in the seas of cold water. They are commonly
found in intertidal zones attached to the rocks on the shores.

External features

1. The thallus remains attached to the rock by a well developed holdfast.

2. A dichotomously branched leathery thallus called the frond or lamina is found above holdfast.
3. The dichotomous branches are flat ribbon like a process distinct midrib in them. Certain air
bladders are present upon ribbon like branches which give buoyancy to the plants.

4. A cylindrical portion found just above the holdfast is called the ‘stipe’.

5. The midribs present right from holdfast to the branches.

6. Each cryptoblast opens outside in a stoma like structure the ‘cryptostoma’.

7. The special reproductive branches bear the ‘receptacles’ at their tips. Several fertile
conceptacles are scattered over these receptacles.

Limiting
laver
Cortex

Medulla

vesicles
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Fig.5.12: Fucus sp. A- Habit B- Apex of thallus C- Portion of the thallus in section

Apical growth
The apical growth of the thallus takes place by a single pyramid- like apical cell situated in the
terminal notch of the lamina.

Internal structure: T.S. of lamina

1. It is differentiated into epidermis, cortex and medulla.

2. The outer most layer process thin walled cells.

3. These cells contain numerous chromatophores.

4. The certain region consists of septate loose elongated interwoven filaments. This is medulla.
5. In the T.S. of midrib region the medulla exhibits longitudinal and irregular hyphae that make
a thick and compact solid tissue.
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5.3.11- Gelidium

1. Gelidiales is an order of marine Rhodophyceae in which the carpogonial branch consists of a
single cell, the carpogonium. .

2. The plants are commonly used in the production of agar, with almost half of the world supply
coming from members of this order (Lewis and Hanisak, 1996).

3. Male plants are similar in morphology to female plants, with the spermatangial areas forming
irregular patches on the thalli.

4. Plants has triphasic life cycle of gametophyte, tetra sporophyte, and carposporophyte.

5. The gametophyte and tetra sporophyte of Gelidium have a dome-shaped apical cell that cuts
off daughter cells basipetally.

6. The daughter cells divide to form a thallus that soon loses its uni axial nature in the mature
parts. The carpogonia are usually formed on special ramuli (branches) with a deep apical
notch, behind which there is a depression on both surfaces.

7. The carpogonia are produce in these depressions.

8. The carpogonium is cut off from a cell beneath the surface of the thallus and has a long
trichogyne that reaches to the outside of the thallus.

9. The carpogonial branch thus consists of a single cell.

10. Nutritive filaments are cut off from the cells at the base of each of the laterals in the fertile
area.

11. After fertilization, the carpogonium may fuse with the supporting cell and/or nutritive
filaments, with the gonimoblast filaments and carposporangia developing from this fusion
cell.

12. The cortical cells of a fertile area elongate, fade in color, and become transformed into
spermatangial mother cells.

13. The colorless spermatangia are formed by transverse division of the mother cell.
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Fig.5.13: Gelidium

5.3.12- Gracillaria
1. The plants are fleshy, having a tendency to be flattened or foliose with
pseudoparenchymatous tissues that lack filamentous cells in the mature vegetative thallus.
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10.

11.

12.

13.

14.

15.

16.

17.

Intercalary origin that bears a two-celled carpogonial branch flanked by two or more sterile
branches.

The principal genus in the family is Gracilaria, found at low tide level and below, with about
100 species.

The dark-red thallus grows by means of a two-sided apical cell and has tapering branches.
There are large isodiametric cells in the medulla, with small cortical cells containing a
number of ribbon-shaped chloroplasts.

Unicellular hairs arise from enlarged peripheral cells that become multi nucleate as they age.
The gametophytic plants are either male or female, and equal numbers of each are produced
from tetra spores.

The male plants produce spermatia in antheridial pits over the surface of the thalli.

The female plants form supporting cells from the outer layer of the large cells of the medulla,
the supporting cells producing the two-celled carpogonial branch and a number of laterals, a
cell of which functions as the auxiliary cell.

After fertilization the carpogonium fuses with one of the nutritive cells that is acting as an
auxiliary cell.

The carposporangia ripen successively from the outside in. In some species, elongate cells
radiate from the compact regions of the gonimoblast, penetrating the pericarp (cystocarp
wall), and become connected with the cells of the pericarp.

The carpospores germinate to produce a parenchymatous disc that forms the tetrasporophyte
as an erect protuberance.

The tetrasporophyte is morphologically similar to the gametophyte and about the same size
as the female gametophyte.

The tetra spores germinate to form a parenchymatous disc that produces the gametophyte as
an erect protuberance.

Gracilaria is a major agarophyte, currently providing greater than half of the world’s supply
of agar-agar.

The cultivation of Gracilaria, both in the sea and in tanks, has been a principal factor in
making this genus a source of agar-containing seaweeds.

Human consumption of Gracilaria has been linked to “ogonori” poisoning .The symptoms
are hypotension, vomiting, nausea, and death resulting from hypotensive shock.
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Gracilaria euchemoides

Fig.5.14: Gracillaria thallus
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5.4 SUMMARY

Within the classification of algae, individual species are divided into three groups, based on
characteristics such as type of chlorophyll molecule used in photosynthesis and type of
reproductive cycle. The structure of the chloroplast is also used, for a very important reason. The
number of membranes surrounding the chloroplast allows us to determine what type of organism
the original photoautotroph. On the basis of chlorophyll molecule algae classified into three
group namely Green algae (Chlorophyseae), Brown algae (Pheophyceae) and Red algae
(Rhodophyceae).

5.5 GLOSSARY

Anisogamy - sexual fusion between flagellated gametes of distinctly different sizes and
morphologically different

Anthropogenic (source of nutrients) - Derived from humans (sewage) or human activities (e.g.,
crop farming, high intensity animal operations, automobile exhaust pipes, and urban runoff).
Aplanospore - non-flagellated spore (asexual reproduction)

Assimilate - Conversion of nutritive materials into a living organism.

Autocolony - a newly produced coenobium with the same form as the parent colony (asexual
reproduction)

Binary fission - a single cell doubling it's nuclear material and then dividing into two cells
(asexual reproduction)

Biocides - Chemicals used to kill living organisms (e.g, pesticides ,algaecides).

Eukaryotic - A cell with a distinct membrane-bound nucleus.

Eutrophic - High in nutrients (nitrogen, phosphorus) and high in organic (biological)
production.

Invertebrates - Animals lacking a backbone and internal skeleton.

Isogamy - sexual fusion between flagellated gametes of same size and similar morphology
Isolates - Single species of algae picked from a natural population and established in culture.
Lateral conjugation - adjacent cells in the same filament conjugate

Microzooplankton - Small animals (or animal plankton) in the size class 20-200 microns that
are carried with the motion of the currents.

Niche — A unique ecological role of an organism in a community.

Oogamy/oogamous - sexual fusion between a flagellated gamete (sperm/antherozoid) and a
non-flagellated gamete (egg).

Pigments - Large, colored molecules that capture light energy and make it available for
photosynthesis.

Plankton - Organisms, both plant and animal that are suspended in the water column and
transported by tides and current.
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Symbiotic - An interrelationship between two different organisms in which the effects of that
relationship are expressed as being harmful or beneficial; intimate associations in which
organisms of more than one species live together. The association may be beneficial to both
(mutualism), beneficial to one with no effect on the other (commensalism) or beneficial to one
with harmful effects on the other (parasitism).

5.6 SELF ASSESSMENT QUESTIONS

5.6.1 Multiple Choice Questions:

1- Who is regarded as the "Father of Indian Phycology"

(a) Prof. M.O.P. lyenger (b) Prof. J.N. Mishra
(c) Prof. R.R. Mishra (d) Prof. R.N. Singh

2- Phycology is the study of
(a) Algae (b) Fungi
(c) Bacteria (d) All the above

3-Who is popularly known as the "Father of Phycology"
(a) Fritsch (b) Papenfus
(c) Smith (d) Morris

4- The classification of algae is based on
() Type of pigment (b) Nature of cell wall material
(c) Nature of reserve food (d) All the above

5- Sexual reproduction and mobile cells are absent in
(a) Chlorophyceae (b) Myxophyceae
(c) Rhodophyceae (d) Phaeophyceae

6- Botanical name of sea palm is
(a) Polysiphonia (b) Postelsia
(c) Ectocarpus (d) Macrocystis

7-Agar-Agar is obtained from
(a) Gigartina (b) Gelidium
(c) Gracillaria (d) All the above

8- lodine is obtained from the members of
(a) Green algae (b) Brown algae
(c) Red algae (d) Blue green algae
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9- Example of coenocytic algae is
(a) Vaucheria (b) Chara
(c) Nostoc (d) Polysiphonia

10- In the life cycle of which group flagellated cells are not formed
(a) Chlorophyceae (b) Phaeophyceae
(c) Rhodophyceae (d) Both (b) and (c)

11- Coenobium means
(a) A hollow spherical colony (b) A group of filaments
(c) Palmelloid form (d) None of these

12- Which one of the following is not a accessory pigment
(@) Chlorophyll ‘&’ (b) Chlorophyll ‘e’
(c) Phycocyanin (d) Xanthophyll

13- In physiological anisogamy

(a) Gametes are morphologically similar but physiologically dissimilar
(b) Gametes are morphologically dissimilar but physiologicaly similar
(c) Gametes are morphologically and physiologically similar

(d) None of the above

14- Fusion of mature individuals which directly act as gametes, is called
(a) Isogamy (b) Anisogamy
(c) Hologamy (d) Autogamy

15-A motile flagellated asexual cell is called
(a) Sperm (b) Zoospore
(c) Oospore (d) Androspore

5.6.1 Answer Key: 1-(a), 2-(a), 3-(a), 4-(d), 5-(b), 6-(b), 7-(d), 8-(b), 9-(a), 10-(c), 11-(a), 12-
(@), 13-(a), 14-(c), 15-(h)
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5.9 TERMINAL QUESTIONS

5.9.1 Long answer type Questions:

©ooN R WNE(

Describe the cell structure, reproduction and economic importance of Chlorella?
Discuss Autospore formation in Chlorella?

Give the cell structure and life history of Hydrodictyon?

Discus the important features of sexual and asexual reproduction in Oedogonium?
Describe the method of sexual and asexual reproduction in Ulva?

Give an illustrated account of the thallus organization in Ulva?

Give an illustrated account of life-cycle of Nitella?

Describe the cell structure and reproduction of Ectocarpus?

Silent features of the structure and life cycle of Dictyota?

10 Draw transverse section of the stipe part of Laminaria thallus?
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6.1 OBJECTIVE

After reading this unit students will be able-
e To learn the morphological features of following liverworts: Sphaerocarpus, Marchantia,
Plagiochasma, Conocephalum, Cryptimitrium, Frullaria, Porella, Pellia.

6.2 INTRODUCTION

Bryophytes are an informal group consisting of three divisions of non-vascular land plants
(embryophytes), the liverworts, hornworts and mosses. They are characteristically limited in size
and prefer moist habitats although they can survive in drier environments. The bryophytes
consist of about 20,000 plant species. These produce enclosed reproductive structures
(gametangia and sporangia), but do not produce flowers or seeds and reproduce via spores.

A liverwort is a flowerless, spore-producing plant. The English word "wort™ means "small
plant.” The term liverwort originated from the fact that the early herbalists thought that one of
the liverworts had some resemblance to liver - and some use as medicine for liver ailments,
hence the word liverwort for a "liver-like small plant”. The term hepatics are also used
alternatively for liverwort.

Liverworts can vary in size from less than 1 mm to 50 mm or more, and generally lie prostrate on
the substrata. In appearance they can look leaf-like (leafy liverworts) or form large flat sheets
(thallose liverworts) and are represented by approximately 60 families. Some important
liverworts are described below.

6.3 MORPHOLOGICAL STUDY OF REPRESENTATIVES OF
BRYOPHYTES

6.3.1 Sphaerocarpus
Division:  Bryophyta

Class: Hepaticopsida
Order: Spherocarpales
Family: Sphaerocarpaceae
Genus: Sphaerocarpus

Habit and Occurrence: The genus Sphaerocarpus is not found in India. Mostly it is found in
northern as well as southern hemisphere chiefly in Gulf and Pacific coast. The plant prefers to
grow on moist and colder places. The morphology of plant varies if the habitat is varies.
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External Structure of the Thallus

a koo

o

The gametophytic plant body is thalloid and bilaterally symmetrical.

Thallus is prostrate, dorsiventrally flattern, dichotomously branched and green in color.

Most of the species has notched margin and each margin bears growing points.

Thallus has broad midrib which is several cell thick and unistratose wings.

Wings are entire or incised into leaf-like lobes, which on detachment serve as vegetative
propagules.

Rhizoids are present on the ventral surface.

All rhizoids are smooth walled and confined to the thickened portion.

Fig. 6.1: Sphaerocarpus Plant

Internal Structure (Anatomy) of the Thallus

1.

2.
3.
4.

Internal structure of the thallus is very simple.

The photosynthetic zone, air pores and air chambers are also absent.

All cells except rhizoids are chlorophyllous.

The midrib is made up of multiple layers of cells while the wings are made up of single layer
of cells.

Reproduction

1.

2.
3.
4.

Reproduction occurs in plant by vegetatively and sexually both.

Vegetative reproduction occurs through adventitious and dichotomous branching both.
The plant is dioecious and controlled by the sex chromosomes.

Annual species are found in the group of four, of these two are male and two are female.

Antheridiophores and Achegoniophores
Antheridia

1.
2.

Male plant is smaller in size than the female plant.

It is about 2 mm in diameter with their flask shaped involucres and a purple tinge which open
outside by a mouth.

The involucre is one cell thick and formed by elevation of dorsal surface.

Each involucre has a single anthridium, the body of which is large and globose and situated
on a short stalk.
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5. The body of anthridium is single layered thick with a sterile covering.
6. Sterile cells contain chromatophores which gives it a deep orange red color on maturation.
7. Antherozoids are biflagellate and spindle or coiled shaped.

———[nvolucre

Fig. 6.2: An Antheridium

Archegonia

1. Female plants are bigger in size upto 1 cm in diameter with their archegonia in subspherical
to cylindrical involucres.

2. Dorsal surface of female thallus bears numerous oval involucres with wide mouth at its top.

3. The archegonia, on the female thallus, initiates with the capitate enlargement of an
archegonial initial with 2-3 cells behind the apical cell.

4. Involucres of female plant are one cell thick and all cells contain chloroplast.

5. Each involucres covers a single sessile and short archegonium.

6. Neck of archegonium has six vertical rows of cells with four neck canal cells.

Fig. 6.3: Four Celled Embryo

Sporophyte

1. Sporophyte is differentiated into foot, seta and capsule.

2. In a mature sporophyte the jacket and nurse cells are chlorophyllous.
3. The wall or jacket of a sporophyte is one cell thick and remains intact.
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4. Spores are spread out by the death and decay of the jacket and surrounding cells of

gametophyte.
5. Half of the spores germinate into male and rests are into female thalli.

Fig. 6.4: A mature sporophyte

Identification and Systematic Position
Division: Bryophyta

1. Gametophytic plant body

2. Absence of true roots.

3. Absence of vascular strands.

4. They are homosporous.

Class: Hepaticopsida

1. Thalloid plant body.

2. Chloroplasts devoid of pyrenoids.
3. Rhizoids without septa.

4. Capsule lacks columella

Order: Spherocarpales
1. Ventral scales are absent but mucilaginous hairs are found near growing point.
2. Tuberculated rhizoids are absent.
3. Only smooth walled rhizoids are present.
4. All the cells are uniformly green in thallus.

Family: Spherocarpaceae
1. Thalloid plant body is bilaterally symmetrical.
2. Family is represented by two genera: Sphaerocarpus and Geothallus.

Genus: Sphaerocarpus

6.3.2 Marchantia
Division:  Bryophyta
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Class: Hepaticopsida
Order: Marchantiales
Family: Marchantiaceae
Genus: Marchantia

Habit and Occurrence: It is cosmopolitan genus with about 65 species are found worldwide.
In India eleven species are reported from the Himalayan region. Marchantia polymorpha is a
best known and widely distributed species.

They commonly thrive upon moist soil found on the rocks in shady places, in open woodland or
near the banks of stream. This genus grows best in the burnt soil.

External Structure of the Thallus

1. The plant body is a prostrate thallus, dorsiventral structure which branches dichotomously and
attains a length upto10 cm or more.

2. A distinct midrib is present which is represented by shallow groove on dorsal side and
projection on ventral side.

3. The rhomboidal or polygonal small areas are found on the dorsal surface of the thallus which
indicates the boundaries of the underlying air chamber.

4. The apex of each branch of the thallus bears a notch in which the growing point is situated.

5. On maturity the margin of the thallus is somewhat wavy.

A

(ﬁ - Anthridiophore

Disc—@®
Stalk— #& \ Clh #
ZEeR

Fig. 6.5: Marchantia Thallus, A-Male Plant, B- Female Plant

6. On the ventral surface of the thallus rhizoids and scales are present.

7. Scales are membranous and one cell thick, multicellular structure with mucilage papillae.
These are of two types: appendiculate and ligulate.

8. Rhizoids are simple and tuberculated which form dense tuft along the midrib and help in the
attachment of thallus to the substratum.
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Internal Structure (Anatomy) Of the Thallus

A vertical cross section of the thallus can be differentiated photosynthetic zone and lower storage
zone.

(a) Upper Photosynthetic Zone

1. The outermost layer is upper epidermis which is single layered.

2. Its cells are thin walled square, compactly arranged and contain few chloroplasts.

3. Its continuity is broken by the presence of many barrel shaped air pores. Each pore is
surrounded by four to eight superimposed tiers of concentric rings with three to four cells in each
tier.

4. The lower tier consists of four cells which project in the pore and the opening of the pore
looks star like in the surface view. The walls of the air pore lie half below and half above the
upper epidermis.

5. Just below the upper epidermis photosynthetic chambers are present in a horizontal layer.
Each air pore opens inside the air chamber and helps in exchange of gases during photosynthesis.
6. These are chambers develop schizogenously (Vocalized separation of cells to form a cavity)
and are separated from each other by single layered partition walls. The partition walls are two to
four cells in height. Cells contain chloroplasts. Many simple or branched photosynthetic
filaments arise from the base of the air chambers.

(B) Storage Zone

1. It lies below the air chambers.

2. This region is more thickened in the centre and gradually tapers towards the margins. It
consists of several lasers of compactly arranged, thin walled parenchymatous isodiametric cells.
4. Intercellular spaces are absent.

5. The cells of this zone contain starch. Some cells contain a single large oil body or filled with
mucilage. The cells of the midrib region possess reticulate thickenings. The lower most cell layer
of the zone forms the lower epidermis. Some cells of the middle layer of lower epidermis extend
to form both types of scales and rhizoids.

Air pore

eeee—— Upper epidermis

' : Partition wall

Air chamber b} Photosynthetic
filament
Mucilage cell

Lower epidermis
Scale Rhizoids

Fig. 6.6: T.S. of Thallus
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Reproduction

Gemma Cups

1. The most common of the vegetative reproductive takes place by means of gemmae formed in
the gemma cups.

2. Crescent shaped gemma cups are found on the dorsal surface of the gametophytes. These are
found usually along the mid ribs.

3. Gemmae are produced in the gemma cups which are found on the dorsal surface of the thallus
and 3 m.m. in diameter with smooth, spiny or fimbriate margins.

4. Each gemma cup contains a large number of gemmae.

4 #——(Femma cup

Gammae

Fig. 6.7: A-Gemma Cup, B- V.S. of Gemma Cup

Gemma

1. Mature gemmae are found to be attached at the base of the gemma cup by a single celled stalk.
2. Each gemma is autotrophic, multicellular, bilaterally symmetrical, thick in the centre and thin
at the apex.

3. There are two notches situated on the internal margins opposite to each other.

4. About all the cells of a gemma contain chloroplasts.

5. A few rhiziodal cells are colourless and larger in size.

6. It consists parenchymatous cells, oil cells and rhizoidal cells.

Antheridiophores and Achegoniophores

1. Some thalli produce special, erect, stalked upright branches at their growing apices. They bear
the male and female sex organs and are called the antheridiophores and archegoniophores
respectively. These are produced on different thalli.

2. Anthridiophore is about 1-3 centimetre long stalk and a lobed disc at the apex. The disc is
usually eight lobed but in M. geminata it is four lobed. The lobed disc is a result of created
dichotomies.

3. A mature archegonium is a flask shaped structure which remains attached to the archegonial
disc by a short stalk. It consists upper elongated slender neck and basal globular portion called
venter. The neck consists of six vertical rows enclosing eight neck canal cells and large egg.
Four cover cells are present at the top of the neck.
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Fig. 6.9: Marchantia: A-V.S. Archegoniophore, B-Young Archegonia

Sporophyte-The Sporogonium

1. The mature sporogonium is differentiated into three regions, viz., the foot, seta and capsule.
2. Towards the base of the archegonium, there is a bulbous, absorptive structure, the foot.

3. The seta is somewhat elongated and connects the foot and the capsule.

4. The seta pushes the capsule out of the three layers, the calyptra, perigynium and perichaetium.
5. The capsule is somewhat oval-shaped and remains covered by a single layered jacket layer.

6. Within the jacket layer, there are spores and sterile, hygroscopic, spindle-like elaters.

Spores
1. The spores are small and spherical; they range from 12 to 13 in diameter.
2. Each spore is covered by a thin coat, differentiated into two layers.
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3. The outer layer is thick exospore and the inner one endospore is thin and smooth.
4. Each spore contains a small amount of granular cytoplasm and a nucleus in it.

N
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Fig. 6.10: Mature Sporophyte of Marchantia

Identification and Systematic Position

Division: Bryophyta

1. Gametophytic plant body

2. Absence of true roots.

3. Absence of vascular strands.
4. They are homosporous.

Class: Hepaticopsida

1. Thalloid plant body.

2. Chloroplasts devoid of pyrenoids.
3. Rhizoids without septa.

4. Capsule lacks columella

Order: Marchantiales

1. Ventral portion of thallus parenchymatous.

2. Scales and rhizoids present on the ventral side of thallus.
3. Air chamber opens out by air pores.

Family: Marchantiaceae

1. Barrel-shaped air pores present.

2. Sex Organs are borne on specialized branches.
3. Air chambers have photosynthetic filaments.

Genus: Marchantia

MSCBOT-505
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6.3.3 Plagiochasma
Division:  Bryophyta

Class: Hepaticopsida
Order: Marchantiales
Family: Marchantiaceae
Genus: Plagiochasma

Habit and Occurrence: It is common genus with about 20 species found worldwide out of
which ten species are reported from India. Most of the Indian species are xeromorphic and are
more adapted for the drier habitat.

External Structure of the Thallus

1. Thallus is long, lobed, and flat, dorsiventrally differentiated, dichotomously branched and
with undulated margins.

2. Apex of the thallus is notched with dark green dorsal surface.

Ventral surface is purplish and bears scales and rhizoids.

4. Midrib is inconspicuous and gradually passing into the lamina.

w

Innovation

Male
receptacle

A- Dorsal surface

Fig. 6.11: Plagiochasma thallus

Internal Structure (Anatomy) of the Thallus

A vertical cross section of the thallus can be differentiated into epidermal region, photosynthetic
zone and storage zone.

(a) Epidermal Region

1. It includes both dorsal (upper) and ventral (lower) epidermis.

2. The upper epidermis is interrupted by simple pores that are connected with air chamber.

3. Air pores are slightly raised above the surface of the thallus.

4. The lower epidermis follows the storage region and made up of thin walled cells.

5. Lower epidermis also gives rise to rhizoids and scales.
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Fig. 6.12: Plagiochasma, VTS of thallus

(b) Photosynthetic Zone

1. It consists of irregular network of complex air chamber system which are interconnected with
each other.

2. These are made up of a single layer of chlorophyllous cells.

3. Air chambers are empty and no photosynthetic filaments are found within it.

4. It also helps in the formation of food and also called assimilatory region.

(c) Storage Zone

1. It lies below the air chambers which made up of parenchymatous cells.
2. Cells contain starch and reserve food material.

4. Occasionally mycorrhizal association is also found in the storage region.

Reproduction

Vegetative

1. It takes place through adventitious branches.

2. These adventitious branches are known as innovations.

3. These branches develop at the apex of the thallus and when detached these grow into new
independent thallus.

Sexual Reproduction

1. Plant may be homo thallic or heterothallic.

2. Sex organs develop on specialized structure known as receptacles.

3. In some plants receptacles are dorsal which not hinder the terminal growth while in some
species the receptacle growth is terminal.

Antheridiophore
1. These are found on the horse shoe shaped male receptacle and grow on the dorsal surface of
the thallus.
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2. Mature anthridium is club shaped structure attached to the base of anthridial cavity by stalk.
3. The jacket layer is single celled and isodiametric which encloses a mass of androcyte cells.
4. These androcyte cells later metamorphose into antherozooids.

5. Each antherozooid has two flagella attached to its anterior end.

cell

Fig. 6.13: V.S. of male receptacle, A- An antheridium, B- An Antherozoid

Archegoniophore

1. Archegonia are present on the archegoniophore or carpocephalum.

2. The archegoniophore arises on the midrib region which consists of a short stalk and a terminal
disc.

3. Disc of receptacle is 2-9 lobed and only one archegonium is present on each lobe.

4. A mature archegonia is flask shaped structure attached to the lobe the disc by a short stalk.

5. It has a broad venter and narrow neck and venter contains a large egg and venter canal cells.

6. The neck of archegonia is composing of six vertical rows of cells and it has 8-9 neck canal
cells.

7. Four cover cells are present at the tip of the neck.

Archegonia Lobe

Neck

Fig. 6.14: A- Archegoniophore, B- V.S. of Archegoniophore, C- Mature Archegonium

Sporophyte-The Sporogonium
1. With capsule, short seta and a foot capsule is spherical with single-layered jacket.
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2. Foot is the basal part of the sporophyte composes of parenchymatous cells and help in the
anchorage and absorption of food.

3. Capsule is nearly spherical structure which contains single layered jacket of thin walled
cells.

4. The spore wall is composed of three layers and outer perineum is reticulated.

5. Elaters are long, narrow and spindle shaped with 2-4 spiral thickening bands.

Identification and Systematic Position
Division: Bryophyta

1. Gametophytic plant body

2. Absence of true roots.

3. Absence of vascular strands.

4. They are homosporous.

Class: Hepaticopsida

1. Thalloid plant body.

2. Chloroplasts devoid of pyrenoids.
3. Rhizoids without septa.

4. Capsule lacks columella.

Order: Marchantiales

1. Ventral portion of thallus parenchymatous.

2. Scales and rhizoids present on the ventral side of thallus.
3. Air chamber opens out by air pores.

Family: Marchantiaceae

1. Barrel-shaped air pores present.

2. Sex Organs are borne on specialized branches.
3. Air chambers have photosynthetic filaments.

Genus: Plagiochasma

6.3.4 Conocephalum
Division:  Bryophyta

Class: Hepaticopsida
Order: Marchantiales
Family: Conocephalaceae
Genus: Conocephalum

Habit and Occurrence: Conocephalum, commonly known as the snake liverwort, is the
largest of the thalloid liverworts. Its pale to dark green thallus can grow up to 20 cm long. The
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dorsal surface is covered with tiny hexagons, which makes the entire thallus seem snake-like.
Mostly the liverwort is found in open areas of woodlands on wet cliffs, behind waterfalls, damp
depressions, sandy banks, wet rocks, and moist inorganic soils.

External Structure of the Thallus

1.

7.

Plant body is thalloid in nature and the thallus is large, dichotomously branched and
dorsiventrally differentiated.

The thallus is usually large, light green, and irregularly branched.

The dorsal-side of the thallus has hexagonal surfaces that outline the air chambers. In the
centre of each hexagon is a white-ringed pore is present.

Dorsal surface of the thallus is dark green, but ventral surface is pale green.

Midrib is very conspicuous. There are a few scales arranged in two rows on ventral surface
by the side of midrib, along with unicellular, smooth-walled and tuberculate rhizoids.

White rhizoids and purple scales are located on the ventral central line of the thallus. Here is
a photo of a scale.

There are two types of rhizoids, pegged and smooth walled.

Internal Structure (Anatomy) of the Thallus

1.

Thallus is divided into two different regions. Upper photosynthetic or assimilatory region and
lower storage region.
Single layered upper epidermis with simple, elevated airpores, visible to the naked eye.

. Presence of upper dorsal layer with large air-chambers, where filamentous and chlorophyllous

cells arise from the floor and formed pointed beaks.

Parenchymatous storage tissue and lower epidermis with scales and 2 types of rhizoids are
present.

Each air chamber has branched or unbranched photosynthetic cells.

. The pores are simple and occasionally one complex oil body present per cell. In some cells

elongate pits are found.
The lower region is called storage region which is mainly made up of parenchymatous cells
which consists of oil bodies and starch granules.

Air chamber Alr pore Photosynthetic

Parenchyma

cells
Fig. 6.15: T.S. thallus

Reproduction

1.

Plants are dioecious and have the male and female organs in different plants.
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2. Vegetative reproduction is takes place by apical innovation.

3. Gemma cups are absent on dorsal surface and gemma are produced on the lateral margin of
apex.

4. Male receptacle is disciform, papillose, sessile and situated near the apex of a branch, or
sometimes apparently lateral in a cup formed by the growth of the thallus laterally and
posteriorly.

5. Female receptacle is nearly terminal, long-stalked and located in a pit.

6. It is obtusely conical, almost entire and composed of 5-8 tubular involucres on the underside,
each enclosing a single capsule.

7. Parianth is absent.

Sporogonium

1. Itis composed of foot, seta and capsule.

2. Capsule has a rather long pedicel and it is clavate-pyriform in shape.

3. It dehisces at maturity by throwing off an apical cap, and the remaining part of jacket splitting
longitudinally by 4 to 8 reflexed valves.

4. Spores are large, papillose and many-celled.

5. Elaters contain 2-4 spiral and bluntly fusiform thickening bands.

Antheridia and Archegonia

1. There is an antheridial pad enclosing antheridia. The antheridial pads are the dark and oval
regions on the thallus.

2. The archegonia are elevated by an archegoniophore. The anacrogynous and enclosed
archegonia is present.

3. The archegoniophores elevate through the growth of gametophytic stalks.

4. The cells of the stalk of the archegoniophore contain lots of starch grains.

Apical innovation

——Archegoniophore

_ B
Fig. 6.16: Conocephalum, A-Male plant, B- Female plant

Sporophyte
1. Cone-shaped receptacles that bear sporangia (archegoniophore).
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2. The sporangial jacket is unistratose. A massive seta extends the sporangium downward, just
enough for the sporangium to efficiently disperse spores.
3. Spores are multicellular at maturity and intermixed with elaters.

Identification and Systematic Position
Thallus dorsiventrally flattened and prostrate sporophytic simple and with limited growth,
columella absent.

Division: Bryophyta

1. Gametophytic plant body

2. Absence of true roots.

3. Absence of vascular strands.
4. They are homosporous.

Class: Hepaticopsida
1. Plant body prostrate, sex organs on dorsal surface
2. Sporophyte devoid of columella or elaterophores.

Order: Marchantiales
1. Antheridia and archagonia localised on special branches.
2. Sporophyte differentiated into foot, seta and capsule.

Family: Conocephalaceae

1. Gemma cups are absent on dorsal surface.

2. Storage region contains oil bodies and some slime cells.

3. Female receptacle nearly terminal and stalked.

4. Dorsal surface of the thallus with distinct reticulations and pores.

Genus: Conocephalum

6.3.5 Frullania
Division:  Bryophyta
Class: Hepaticopsida
Order: Jungermanniales
Family: Frullaniaceae
Genus: Frullania

Habit and Occurrence: It is a large genus with about 700 species, mainly distributed in the
tropical part of the world. In India the genus is represented with about 39 species. Most of the
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species are terrestrial and growing on moist and shady area. A few species are epiphytic which
grow on the trunks of the tree in moist wood and swamps.

External Structure of the Thallus

1. The gametophytic plant body is dorsiventral and is differenciated into prostrate stem, axis and
leaves.

2. The stem is pinnately or bipinnately branched and about 1-5 cm in length.

3. Leaves are arranged in three rows. Two rows of dorsal leaves are placed laterally and a third
row of leaves is arranged on the lower or ventral side of the stem.

4. The leaves of the ventral row, called amphigastria or underleaves and are rounded, cordate or
deeply bilobed.

5. Many smooth walled, unicellular and unbranched rhizoids are present in tufts at the base of
axisor middle of amphigastria.

Fig. 6.17: Frullania, whole plant

Internal Structure (Anatomy) of the Thallus

Stem

1. Stem is differentiated into outer cortical and inner medullary regions.
2. Cortical region is made up of small thick walled cells.

3. Cells in the medullary region are elongated with larger diameter.

4. Conducting tissue and epidermis are not well differentiated.

Leaf

1. Leaf is made up of single layer of cells.

2. Each cell of leaf contains several chloroplast and oil bodies.

3. Oil bodies are spherical, ellipsoidal or long fusiform in shape.

4. Young leaves are colorless while mature leaves are thick and pigmented.
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Medullary region
Fig. 6.18: T.S. of Axis

Reproduction

Gemmae

1. Mature gammae are 4-6 celled globose structures.

2. Develop on the margins and leaf surface.

3. These can detach from plant by a slight jerk and when conditions become favourable it gives
rise to new plant.

Anthredia

1. The anthredia develop on the special short branches called androecia.

2. The male branch bears 2-5 pairs of perigonial bracts.

3. Each perigonial bract is divided into two lobes of almost equal size which bears two anthredia
in each bracts.

4. Each mature antridium has a spherical body with long and slander stalk.

5. It contains a mass of spermatocytes enclosed by a single layered sterile jacket.

Fig. 6.19: Antheridium (Frullania)
Archegonia
1. The archegonia are grown in the group of 2 or 3 at the apex of the short archegonial branch.
2. Each of the branches contains 2-5 pairs of perichetial bracts.
3. Mature archegonia is flask shaped structure differenciated into a constrict neck and swollen
venter.
4. 5-8 neck canal cells are present.
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Fig. 6.20: Archegonium (Frullania)
Sporophyte
1. The mature sporophyte is differentiated into blunt foot, short seta and globose capsule.
2. Foot remains attached into female branch and help in absorption of food.
3. Globose capsule remains surrounded by two layer sclerified wall.
4. The capsule wall encloses spores and elaters.
5. Elaters are non spiral, flattened and each possess trumpet shaped lower end.
6. The sudden and rapid movement of the contracting elaters produce a sling like action which
helps in expelling the spores.

Fig. 6.21: Sporophyte (Frullania)

Spores:

1. The spores are long, oblong or spherical and range from 22 to 55 in diameter.

2. Each spore is covered by a thick coat, differentiated into two layers.

3. The outer thick and sculptured layer is known as exospore and the inner thin and smooth layer
is known as endospore.

4. Each spore is uninucleate and has several chloroplasts.
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Identification and Systematic Position

Division: Bryophyta

1.

2.
3.
4.

Gametophytic plant body
Absence of true roots.
Absence of vascular strands.
They are homosporous.

Class: Hepaticopsida

1.

2.
3.
4.

Thalloid plant body.

Chloroplasts devoid of pyrenoids.
Rhizoids without septa.

Capsule lacks columella

Order: Jungermanniales

ok 0N e

Plant body is gametophytic and gametophytes are either thallose or foliose.
Plant body attached to substratum through rhizoids which are smooth walled.
Scales are generally absent.

Archegonial neck is almost as broad as venter.

Capsule is multistratose.

Family: Frullaniaceae

1.

2.
3.
4.

5.

This family includes only three genera i.e. Frullania, Jubula and Neohattoria.

Plants are usually large sized and predominantly reddish brown or deep green in color.

Stem is usually prostrately and pinnately or bipinnately branched.

Characteristic Frullania type branches are present in majority of members. In this type a
branch develops from the ventral half of lateral segment replacing the lobule of the leaf. The
lateral leaves are complicate-bilobed and each leaf is divided into a flat antical lobe.
Archegonia vary from 2 to 12 in a group.

Genus: Frullania

6.3.6 Porella
Division:  Bryophyta
Class: Hepaticopsida
Order: Jungermanniales
Family: Porellaceae
Genus: Porella

Habit and Occurrence: It is cosmopolitan genus with about 180 species found worldwide. In
India about thirty five species are reported mostly from the Himalayan region and few are from
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south India. Usually the plant grows on moist shady rock, stone and bark of the tree. Porella
densifolia and P. boreilli are the common species reported from the Kumaon.

External Structure of the Thallus

1. Plant body is flat, dorsiventral with a bi- or tripinnately branched leafy axis with no rhizoids in
mature plants.

2. There are 3 rows of leaves. Two rows of larger leaves are found on dorsal side while one row
of smaller leaves is found on the ventral side.

3. The smaller leaves are generally termed as amphigastria.

4. Larger leaves of dorsal side are unequally bilobed. The upper larger lobe is antical lobe and
the lower smaller lobe is the postical lobe or lobule.

5. Leaves are thin without midrib and one cell in thickness.

6. The arrangement of leaves is incubous type. In it the posterior margin of the leaf underlines
anterior margin of the anterior leaf.

7. Rhizoids are smooth walled and arises from the lower surface of the stem.

Fig. 6.22: Porella, A-Female, B-Male

Internal Structure (Anatomy) of the Thallus

1. The internal structure of the axis is differentiated into 2-5 layered cortex and elongated and
thin walled medulla.

2. The peripheral cells of cortex are smaller with slightly thicker walls while the central cells are
larger with thinner walls.

3. The leaf is composed of single layered isodiametric, parenchymatous cells with many
chloroplast.

4. No midrib and vascular tissue are found on the leaf but oil cells may found in some species.

5. The apical growth is takes place by means of apical cells which are tetrahedral or pyramidal
in shape with three cutting faces.
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Fig. 6.23: T.S. of Axis and Leaf (Porella)

Reproduction

1. Porella is reproduces by vegetative and sexual methods.

2. The vegetative reproduction takes place by the gammae and by gradual death and decay of the
gametophyte.

3. Gemmae are produced in on the lower surface of the leaf which on germination gives rise to
new plant.

Sexual Reproduction

1. Plants are dioecious and male gametophyte is usually smaller than the female gametophyte.

2. The male plant is smaller with the antheridial branches projecting out at right angles from the
axis.

3. The male and female sex organs are called antheridia and archegonia respectively.

Antheridia

1. The antheridia develop on the specialized lateral branches, known as antheridial branches.

2. These arise nearly at right angle to the main stem.

3. Leaves on the antheridial branch are closely imbricate and a single antheridium is borne in the
axil of each leaf.

4. The mature antheridium is globular with a two-celled stalk.

5. The body of antheridiumis surrounded by single layered jacket, but the proximal part is two to
three layered.

6. The jacket encloses the fertile mass known as androcyte.

Anthenidial Jacket

Fig. 6.24: Antheridium (Porella)
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Archegonia

1. The female plant bears archegonial branches with enlarged perichaetial bracts.

2. The lower bracts form an involucre while the upper two are unite together to form a perianth
within which the archegonia develop.

3. A mature archegonium shows a venter with the egg and a neck (Fig 5.12).

4. The neck is composed of five vertical rows of neck cells and encloses with 6-8 neck canal
cells.

5. The venter and basal part of the neck has a two layered jacket.

Venter canal cell
Egg cell

Fig. 6.25: Archegonium (Porella)
Sporophyte
1. Sporophyte consists of a spherical capsule, a short seta and a bulbous foot.
2. The capsule wall is 2 to 5 layers thick. Inside the capsule there are a number of spores and
elaters.
The capsule wall is two or three layered.
At the point of dehiscence the capsule wall is thin while rest of the place it is thick walled.
Numerous elaters and spores are found within the capsule.
The young sporophyte is enclosed by the three protective covering i.e. calyptras, perianth and
involucres.

o gk w

Fig. 6.26: Sporophyte (Porella)
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Identification and Systematic Position
Division: Bryophyta

1. Gametophytic plant body

2. Absence of true roots.

3. Absence of vascular strands.

4. They are homosporous.

Class: Hepaticopsida

1. Absence of scale, tuberculated rhizoids and air chamber in gametophytic tissue with no
differentiation of internal tissue.

2. Anthridia is globose, long-stalked with multilayered capsule wall

3. Foot and seta distinct.

Order: Jungermanniales

1. Plant body is gametophytic and gametophytes are either thalloid or foliose.

2. Thallus is green, flattened and glossy with chlorophyllous and homogenous cells while
rhizoids are generally absent.

3. Sporophyte is differentiated into foot, seta and capsule.

Capsule is with distinct elaterophores at the basal part.

5. Usually the whole gametophytic body or at least the reproductive part foliaceous and
archegonia formed apically.

B

Family: Porellaceae

1. The family Porellaceae is also known as Madothecaceae.

2. Plant body flat with bi- or tri-pinnately branched leafy axis.

3. Ventral smaller row forming amphigastria and rhizoids arise from it in the form of tuft.
4. The amphigastria is large sized.

Genus: Porella

6.3.7 Pellia
Division:  Bryophyta
Class: Hepaticopsida
Order: Jungermanniales
Family: Pelliaceae
Genus: Pellia

Habit and Occurrence: The genus Pellia is a thalloid liverwort, represented by five species
which are widely distributed in north temperate region. Out of five species three species are
reported from India (Parihar and Kashyap). They commonly occur along the moist places and
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tree trunks. Sometime the sterile form is also found submerged in the water. Pellia endiviaefolia
iIs common in western and Kumaon Himalaya from 1700 to 2500 meters in height.

External Structure of the Thallus

1.  The mature gametophyte is thin, dorsiventral, prostrate, dichotomously branched, with
somewhat wavy margin.

2. The dorsal surface is almost smooth and a median midrib is prominent.

3. On the ventral surface numerous smooth, unicellular rhizoids are present which are
restricted to the midrib.

4.  Thallus lobe are thin, long, narrow and ribbon like in submerge form and thick and robust
in the terrestrial form.

Fig. 6.27: Thallus of Pellia

Internal Structure (Anatomy) of the Thallus

1. The internal structure of the plant is uniformly composed of parenchymatous cells.

2. No cellular differentiation is present in thallus. The dorsal epidermis is continuous and air
pore and air chambers are absent.

3. Usually the midrib portion is thicker (8 — 16 layers in depth) than margins (2-5 layers in
depth).

4. In between the two epidermal layers there are compact parenchymatous, chloroplast
containing cells with a few scattered fibrous cells.

5. The lower epidermal cells give rise to unicellular rhizoids in the midrib region.

Antheridium Antheridial cavity

Involucre

Fig. 6.28: L.S. Thallus

Reproduction
1. The reproduction takes place through vegetative and sexual methods.
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2. Vegetative reproduction takes place by fragmentation and breaking of the adventitious
branches.

Sexual Reproduction

1. It is of oogamous type and male and female reproductive structures are known as anthredia
and archegonia respectively.

2. Some species are monoecoius while others are dioecious.

3. The monoecious specious are protandrous i.e. the antheridia is matures before the archegonia.

Antheridia

1. It is present on the dorsal surface of the thallus in regular row along the midrib as wart like
projection.

2. In the dioecious forms, the male plant bears antheridia all along the dorsal surface of the
midrib while the archegonia develop in a cluster just behind the growing tip on the dorsal side
of the female plant.

3. In monoecious forms, the antheridia are behind the archegonia.

4. The mature antheridium is globose with a jacket one cell in thickness and a multicellular short
stalk.

5. It lies at the bottom of the antheridial chamber which is open on the dorsal surface by a pore.

6. The body of antheridium is covered by a single layered jacket of the sterile cell enclosing the
multicellular androcyte mther cell.

Fig. 6.29: Mature Antheridia (Pellia)
Archegonium
1. The mature archegonium shows a venter containing the egg, a ventral canal cell and 4 to 6
neck canal cells.
2. These grow in groups of 4-7, close to the apex of the thallus and each group is protected by a
tubular involucre.
The archegonia are horizontally placed with their neck directed towards the apex of thallus.
These are differentiated into a basal venter and a long neck.
Neck is composed of five vertical rows of neck cells which enclose 6-8 neck canal cells.
Four cover cells are present at the apex of neck.
Venter has venter canal cells and a large egg.

No ok~ ow
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Fig. 6.30: Mature Archegonium

Sporophyte

1. Sporophyte is covered by involucre and calyptra.

2. Each sporophyte has a distinct foot, seta and globose capsule.

3. Capsule has two-layered jacket cells of outer layer larger with radial walls thickened and cells
of inner layer with inner tangential wall thickened and numerous spores and elaters.

4. There is a distinct elaterophore (formed by a group of elaters) at the base of each capsule.

5. The characteristic feature of the sporophyte of Pellia is the presence of the basal
elaterophores.

Fig. 6.31: Sporophyte (Pellia)

Identification and Systematic Position
Division: Bryophyta

1. Gametophytic plant body

2. Absence of true roots.

3. Absence of vascular strands.

4. They are homosporous.

Class: Hepaticopsida
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1. Absence of scale, tuberculated rhizoids and air chamber in gametophytic tissue with no
differentiation of internal tissue.

2. Anthridia is globose, long-stalked with multilayered capsule wall

3. Foot and seta distinct.

Order: Jungermanniales

1. Thallus is green, flattened and glossy with chlorophyllous and homogenous cells and scales
are generally absent.

2. The antheridia are globose or subglobose and archegonial neck is as almost as broad as
venter.

3. Sporophyte is differentiated into foot, seta and capsule.

4. Capsule is with distinct elaterophores at the basal part and generally dehiscence by four valve
at maturity.

Family: Pelliaceae

1. Gametophyte usually thallose and prostrate.

2. Archegonia on dorsal surface of the thallus just behind the apical cell.

Genus: Pellia

6.4 SUMMARY

The thallus of Sphaerocarpus is prostrate, dorsiventrally flatterned, dichotomously branched and
green in color. Wings are entire or incised into leaf-like lobes, which on detachment serve as
vegetative propagules.

Marchantia belongs to class Hepsticopsida. The plant body is gametophytic, thalloid, flat,
prostrate, long and dichotomously branched. Dorsal surface of plant is dark green. The midrib is
marked on the dorsal surface by a shallow groove and on the ventral surface by a low ridge. Each
polygonal area re-presents the underlying air chamber. The vegetative reproductive structures are
gemma cups and develop along the midrib. These are crescent shaped with spiny or fimbriate
margins and are about one eighth of an inch in diameter.

The thallus of Plagiochasma is long, lobed, flat, dorsiventrally differentiated and dichotomously
branched with undulated margins. Apex of the thallus is notched with dark green dorsal surface.
Ventral surface is purplish and bears scales and rhizoids. Midrib is inconspicuous and gradually
passing into the lamina. Air-chambers with simple pores lie between the antheridia. Female
receptacle is also sessile when young, but at maturity is stalked. The stalk arises from the dorsal
side of the thallus, and is devoid of rhizoidal furrow, but has scales at base and apex.

In Conocephalum the plant body is thalloid in nature and the thallus is large, dichotomously
branched and dorsiventrally differentiated. Dorsal surface of the thallus is areolate, and areolae
are very distinct and mostly hexagonal. Male receptacle is disciform, papillose, sessile and
situated near the apex of a branch, or sometimes apparently lateral in a cup formed by the growth
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of the thallus laterally and posteriorly. Female receptacle is nearly terminal, long-stalked and
located in a pit. It is obtusely conical, almost entire and composed of tubular involucres on the
underside, each enclosing a single capsule.

Frullania is a large genus, mainly distributed in the tropical part of the world. Most of the
species are terrestrial and grow on moist and shady area. A few species are epiphytic which grow
on the trunks of the trees and in moist wood and swamps. The gametophytic plant body is
dorsiventral and is differenciated into prostrate stem, axis and leaves. The stem is pinnately or
bipinnately branched. Leaves are arranged in three rows. Two rows of dorsal leaves are placed
laterally and a third row of leaves is arranged on the lower or ventral side of the stem. Many
smooth walled, unicellular and unbranched rhizoids are present in tufts at the base of axisor
middle of amphigastria.

The gametophyte of Pellia is thin, dorsiventral, prostrate, dichotomously branched, with
somewhat wavy margin. The dorsal surface is almost smooth and a median midrib is prominent.
On the ventral surface numerous smooth, unicellular rhizoids are borne from under the midrib.
Plants are either monoecious or dioecious. In the dioecious forms, the male plant bears antheridia
all along the dorsal surface of the midrib while the archegonia develop in a cluster just behind
the growing tip on the dorsal side of the female plant. In monoecious forms, the antheridia are
behind the archegonia. The mature antheridium is globose with a jacket one cell in thickness and
a multicellular short stalk. It lies at the bottom of the antheridial chamber which is open on the
dorsal surface by a pore

Porella belongs to class hepaticopsida. The gametophyte is flat, dorsiventral with a bi or
tripinnately branched leafy axis with no rhizoids in mature plants. There are three rows of leaves
in which two lateral and one smaller row on the ventral side termed as amphigastria. Leaves are
one cell thick and no midrib is present. Lateral leaves are two lobed with upper larger lobe is
antical lobe and the lower smaller lobe is the postical lobe or lobule. The arrangement of leaves
is incubers.

6.5 GLOSSARY

Apospory: The production of gametophyte directly from the unspecialized cells of sporophytes
without the formation of spores is termed as apospory e.g., Anthoceros. The new gametophytic
plants are diploid because these are formed directly from the diplod cells of sporophyte without
undergoing meiosis.

Columella: Central column of sterile cells found inside the capsule of some bryophtes. It is
surrounded by sporogenous tissue which consists of spores and elaters.

Dioecious: Having the male and female organs in separate and distinct individuals; having
separate sexes.

Multistratose: Composed of multiple layer of cells.

Operculum: It is the cap of capsule in mosses.

Peristome: Peristome is a fringe of teeth around the mouth of capsule in mosses.
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Protonema: is a filamentous stage in the development of gametophyte of a moss from the spore.
Secondary protonema: Protonema which is formed by means other by the germination of
spores is called secondary protonema.

Unistratose: Composed of a single layer of cells.

6.6 SELF ASSESSMENT QUESTIONS

1. Name one saprophytic member of Bryophyte?

2. Who coined the term Bryophyte?

3. Who is known as father of Indian Bryology?

4. Alternation of generation in Bryophytes is known as........

5 e is mother cell of sporophytic generation.

6. Gemmae are responsible for.......... mode of reproduction.

7. Sporophyte in Marchantia is represented by?

8. Specialized branches that bear sex organs in Marchantia are named as?

9. What types of scales are found in Marchantia?

10. Name any dioecious species of Marchantia?

11. Mention the Shape of chloroplast in Marchantia thallus?

12. How many layers of protective coverings envelope the sporophyte of Marchantia?
13. In Pellia the archegonia are borne.............. apex and are placed............

14. In Pellia the neck of archegonium is made up of ............ vertical row of cells.
15. In Frullania the orientation of elaters is.....................

Answer Key: 1-Buxbaumia, 2- Braun (1864), 3- Prof Shiv Ram Kashyap, 4-Heteromorphic,
5-Zygote, 6-Vegetative, 7-Foot, Seta and Capsule, 8-Gametophores (Antheridiophore and
Archegoniophores), 9- Two types of scales are found in Marchantia are ligulate scales and
appendiculate scale, 10-Marchantia nepalensis, 11- Discoid, 12-Three-Calyptra, Perigynium
and Perichaetium, 13- Close to the; horizontally, 14-Five, 15-Longitudinal
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6.9 TERMINAL QUESTIONS

1- Write the systematic position of Marchantia?

2- Draw the T.S. of thallus of Porella?

3- What is elaterophore? Name the bryophytes where you found these.

4-Who is the Father of Indian Bryology?

5- Describe the specialized branches containing male and female sex organs in Marchantia?
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7.1 OBJECTIVE

After reading this unit students will be able -

e To Study the external features, internal structure and reproductive structures of Bryophytes-
Sewardiella, Calobryum, Anthoceros, Sphagnum, Funaria, Polytrichum, Andreaea, Takakia
with the help of permanent and /or temporary preparations.

7.2 INTRODUCTION

Bryophytes (mosses, hornworts, and liverworts) can be found in all ecosystems of the earth. The
diversity of bryophytes increases at tropical and subtropical latitudes. Another term commonly
used for this group is nonvascular plants because these lack the conductive tissues xylem and
phloem. Bryophytes are also called embryophytes because these plants have an embryonic stage
in their life cycle which involves an alternation between sporophytic and gametophytic stage.
Bryophytes have gametophytic stage which is dominant in its life and in most cases it forms the
green mats and tufts. The gametophytic stage is composed of either stem or leaves or flattened
ribbon-like thallus. The leaves of bryophytes are structurally very different from those of higher
plants and generally one cell thick.

Bryophytes, while very simple, exhibit a great diversity in growth form and habitat. There are
bryophytes that can withstand extended periods of desiccation and others that are aquatic. You
will find them on virtually every substrate: rocks, soil, tree bark, decaying wood, and even cars
and other synthetic materials. Due to their diminutive stature and few human applications they
have remained a largely overlooked group of organisms. Mosses, liverworts, and hornworts are
the most ancient lineages of plants and can offer some clues about early plant evolution.

7.3 MORPHOLOGICAL STUDY OF REPRESENTATIVES OF
BRYOPHYTES
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7.3.1 Calobryum
Division: Bryophyta

Class: Hepaticopsida
Order: Calobryales
Family: Calobryaceae
Genus: Calobryum

Habit and Occurrence: The genus Calobryum comprises eight species. Out these eight
species three species i.e. C. blumii, C. indicum and C. denatum have been reported from India.
The plant grows along the wet and dry places.

External Structure of the Thallus

1. The gametophytic plant body consists of branched, creeping rhizome.

2. The subterranean as well as aerial portion of the stem lacks rhizoids.

3. The leaves are simple, entire, dorsiventrally flattened, soft texture and without a midrib.

4. Growth of the stem occurs by a pyramidal apical cell with three cutting faces, one slightly
narrower than the other.

5. The aerial shoot is differentiated into a central colorless zone of elongated cells and a
peripheral zone of thicker cortical cells containing oil droplets and pale green plastids.

6. The leaves are one layered thick except for the basal part which is two or four cell in
thickness.

Fig. 7.1: A Young Plant

Internal Structure (Anatomy) of the Plant

Leaf Anatomy

1. The leaves vary in structure in different species.

2. The leaf cells are non-collenchymatous, soft, and large with thin walled internal structure
and contain several to many oil bodies chloroplasts.

UTTARAKHAND OPEN UNIVERSITY Page 165



LABORATORY PRACTICAL-I MSCBOT-505

Stem Anatomy

1. The stemis divided into two distinct regions the outer cortex and inner central strand.

2. The central strand consists of elongated laptodermis cells and is 10-15 cells in diameter.

3. The cells of central strand contain no cell organelles but having lost their protoplasmic
content are empty.

4. The central strand is the massive cortex consisting of large parenchymatous cells containing
starch grains.

5. The peripheral cortical cells may grow into short 2-3 celled slime papillae of non baked type

with a clavate apical cell.

Fig. 7.2: T.S. of Stem

Reproduction

1.

Asexual reproduction is unknown in Calobryales. The gametophyte plants are of two kinds,
male and female (heterothallic).

Antheridia and archegonia are produced on the expanded apex of the erect shoot of different
plants.

Antheridiophores and Achegoniophores

Antherdia

1. The antheridia are orange yellow in color and grouped at the apex of a dialated receptacle.

2. The antheridial receptacle is surrounded by an expended perianth like structure formed by
the closely set, enlarge young male or perigonial bracts which occur in more than three
rows.

3. Male plant looks like moss gametophore. The anthridium consist of an ovoid or rounded
body raised on a long stalk composed of several superimposed tier of four cell each.

4. Anthridium has a jacket layer of cells enclosing a central mass of dividing androgonial cells.
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Androcyte mother
cell

Jacket layer

Stalk

Fig. 7.3: An Anthridium
Archegonia
1. The tip of the female gametphyte is expended to form receptacle.
2. The archegonia are borne singly at the apex of the main shoot and protected by perichetial
leaves.
3. Archegonium has a very long, twisted neck which is composed of four neck cells.
The Venter is slightly broader than the neck.
5. The ventral cavity contains an egg and a ventral canal cell above it.

B

B

Meck canal cell

Fig. 7.4: An Archegonium
Sporophyte
1. Sporophyte is terminal and surrounded by the massive shoot calyptras.
2. The mature sporophyte is differentiated into foot, seta and capsule.
3. The capsule is deep brown, ellipsoidal and cylindrical with acuminated foot.
4. The sporogenous tissue is differentiated into spores and elaters and elaterophores are absent.

UTTARAKHAND OPEN UNIVERSITY Page 167



LABORATORY PRACTICAL-I MSCBOT-505

Fig. 7.5: Sporophyte of Calobryum

Identification and Systematic Position
Division: Bryophyta

1-Gametophytic plant body

2- Absence of true roots.

3- Absence of vascular strands.

4-They are homosporous.

Class: Hepaticopsida

1- Thalloid plant body.

2- Chloroplasts devoid of pyrenoids.
3- Rhizoids without septa.

4- Capsule lacks columella

Order: Calobryales

1. Leafy shoots are radially organised with three vertical rows of leaves.

2. Ovoid stalked antheridia develop in a distinct manner and archegonia with a neck of four
vertical rows of cells.

3. Elongated sporophyte with a unistratose capsule wall which becomes multistratose at the
apex.

Family: Calobryaceae

The family includes a single genus Calobryum.

Gametophytes are small, rhizomatous and lack drought resistance.

Plant body is differentiated into a basal, branched, creeping rhizome like structure.
Sexually dimorphic and heterothallic.

All the species are mesophytes.

Plants are creeping, leafless basal, branched rhizome.

ok~ wdE
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Genus: Calobryum

7.3.2 Anthoceros
Division: Bryophyta

Class: Anthocerotopsida
Order: Anthocerotales
Family: Anthocerotaceae
Genus: Anthoceros

Habit and Occurrence: Anthoceros is the largest genus of the Anthocerotopsida comprising
about 200 of the 300 species included within the Class. About 25 species of these are reported
from the tropical, subtropical and temperate hilly areas all over India. They grow in very moist,
shady places by clay banks and ditches or in the crevices of rocks. Campbell (1939) noted that
the species of Anthoceros fall into two groups, with black spores and with yellow spores, the two
groups also showing other morphological differences. Proskauer (1951) has placed the yellow
spored ones into the new genus Phaeoceros.

External Structure

1.

No ok

The gametophytic plant body is thalloid, dorsiventral, prostrate, dark green in colour with
dichotomous branching.

The thallus is small, prostrate, dark green thin, lobed and dorsiventrally differentiated and
midrib is absent.

The dorsal surface of thallus is smooth (A .leavis), velvet like (in A.crispus) or with spines
and ridges (in A.fusiformis).

Smooth-walled, simple rhizoids are found.

The ventral surface bears many unicellular, smooth-walled rhizoids and scales.

Only tuberculated rhizoids are present and scales or mucilaginous hairs are absent.

Many small, opaque, rounded, thickened dark bluish green spots can be seen on the ventral
surface. These are the mucilage cavities filled with Nostoc colonies.

Each sporogonium is surrounded by a sheath like structure on its base. It is called involucre.

Fig. 7.6: Anthoceros Thallus
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Internal Structure of Thallus

1.
2.

©o gk~ w

~

10.

The thallus shows a very simple structure and lacks any zonation.

It is uniformly composed of thin walled parenchymatous cells and thickness of the middle
region varies in different species.

Air chambers and air pores are absent.

Internal to the upper and lower epidermis there are simple, parenchymatous cells.

The cells of parenchyma are isodiametric and uniform.

Each cell contains a big lens-shaped chloroplast which possesses a single pyrenoid in its
centre.

The nucleus lies in the close vicinity of the chloroplasts, near the pyrenoid.

On the ventral side of the thallus several intercellular mucilage cavities are found which
open by small openings, the slime pores on the ventral surface of the thallus.

The colonies of blue green alga Nostoc are found in the mucilage cavities.

The thalli are dark green, because of the presence of the Nostoc colonies, which may easily
be seen with the help of lens from the underside of the thallus.

Fig. 7.7: T.S. of Thallus

Reproductive Structure

1-Vegetative reproduction: The vegetative reproduction takes place by tubers, gemmae and
apices.

(a) Tubers: The thallus becomes thickened at several places on the margins; these marginal
thickenings are called, the tubers; each tuber may develop into a new thallus on return of
favourable conditions.

UTTARAKHAND OPEN UNIVERSITY Page 170



LABORATORY PRACTICAL-I MSCBOT-505

(b) Gemmae: The gemmae have been recorded from the species, A. glandulosus, A. formosae.
(c) Apices: The apices develop into new thalli.

2-Sexual Reproduction: The species may be homothallic (monoecious) or heterothallic
(dioecious). The homothallic species are A. fusiformis, A. punctatus while the heterothallic
species are A. pearsoni, A. halli, A .erectus. The sex organs, antheridia (male) and archegonia
(female), are found embedded in the tissues of the dorsal side of the thallus.

The Antheridium

1. The antheridia are produced singly or in group in the antheridium chambers.

2. Each mature antheridium is stalked and club-shaped.

3. The stalk of antheridium consists of the mass of cell, e.g., in A.laevis of the four rows of the
cells as in A.erectus and A.punctatus.

4. The antheridium proper is covered by a single layered jacket.

Inside the jacket there are numerous androcytes which metamorphose into antherozoids.

6. Each antherozoid is spindle-like and biciliate; the cillia are attached to the anterior end of the
body.

o

Developing
antheridium

Fig. 7.8: An Antheridium

The Archegonium

1. The archegonium remains embedded in the thallus and only the cover cells project out of the
thallus.

2. The nearly mature archegonium is composed of a neck and venter, the neck contains 4-6 neck
canal cells; the venter contains a ventral canal and an egg.

3. On the maturity of the archegonium, the ventral canal cell and canal cells are gelatinized.

4. A mature archegonium is flask shaped, without neck canal cells and with an egg (oosphere) in
its venter.

5. At the top of the neck of archegonium there are four cover cells.
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Mucilage Mound

Fig. 7.9: An Archegonium

The Sporophyte

1.

N o ok

10.

11.

The mature sporogonium consists of an erect capsule and bulbous foot which embedded in
thallus and act as hustaurium.

Capsules arise from the thalli in the form of small horny structures; usually they are 2 to 3
cm long, but some species they range even from 5-15 cm.

The cells developing from the meristem become differentiated into jacket layer, columella
and archesporium.

In the region just above the foot the archesporium is single layered and too young.

The tip region of sporogonium possesses mature spores and pseudoelaters.

The wall of the capsule consists of the four to six layers of the parenchymatous cells.

The outermost layer is epidermis which is interrupted by stomata at several places; the
epidermal cells are cutinized; the stomata open in the intercellular spaces of the
chlorophyllous cells; usually each cell possesses two chloroplasts.

The dehiscence begins from the tip region of capsule which on maturation becomes black or
brown in colour. .

The pseudoelaters are 2-3 celled structure which lack the characteristic spiral thickenings of
true elaters, and therefore, known as pseudoelaters.

Each spore is somewhat spherical and possesses two wall layers. The outer wall layer is
exine and the inner wall layer is intine; the intine is smooth and thin while the exine is thick
and ornamental.

Each spore possesses a single nucleus, a colourless plastid, few oil droplets and food
material within it.
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Identification and Systematic Position
Division: Bryophyta

1.
2.
3.
4.

Gametophytic plant body
Absence of true roots.
Absence of vascular strands.
They are homosporous.

Class: Anthocerotopsida

1
2
3
4.
5
6

Gametophytic plant body thalloid.

Rhizoids simple and smooth walled.

Tuberculate rhizoids and scales absent.

Thallus homogenous not differentiated; air chambers and air pores are absent.
Each cell of thallus possesses a large chloroplast and pyrenoid within it.

. Capsule with central sterile columella.

Order: Anthocerotales

1.

The gametophyte is thalloid and dorsiventral, bearing simple and smooth-walled rhizoids;
tuberculate rhizoids and ventral scales are altogether absent.

The tissues of the thallus are undifferentiated; air chambers and air pores are absent; each cell
bears a large chloroplast and a conspicusous pyrenoid within it.

The sex organs are found to be embedded in the gametophytic tissue.

The antheridia arise from the hypodermal cells of the thallus on the dorsal side of it; they
develop within the antheridial chambers, singly or in groups on the dorsal side of the thallus.
The archegonia are found in sunken conditions on the dorsal side of the thallus, they develop
from superficial cells.

. The elongated and cylindrical sporogonium arises from the dorsal side of the thallus.
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7. The sporogonium consists of foot, meristematic region and capsule; the meristem is
intercalary and continues its growth thoughout the growing season.

8. The wall of sporogonium contains chlorophyll.

Family: Anthocerotaceae

1. The capsule is erect and cylindrical.

2. The capsule wall has stomata.

3. Elaters are without thickening bands.

4. The archesporium develops from amphithecium.
Genus: Anthoceros

7.3.3 Sphagnum
Division: Bryophyta
Class: Bryopsida
Order: Sphagnale